




















1 Truth-conditional Semantics and 
the Fregean Program 

1.1 Truth-conditional semantics 

To know the meaning of a sentence is to know its truth -conditions. If I say 
to you 

( 1 )  There is a bag of potatoes in my pantry 

you may not know whether what I said is true. What you do know, however, 
is what the world would have to be like for it to be true. There has to be a bag 
of potatoes in my pantry. The truth of (1) can come about in ever so many ways. 
The bag may be paper or plastic, big or small. It may be sitting on the floor or 
hiding behind a basket of onions on the shelf. The potatoes may come from 
Idaho or northern Maine. There may even be more than a single bag. Change 
the situation as you please. As long as there is a bag of potatoes in my pantry, 
sentence (1) is true. 

A theory of meaning, then , pairs sentences with their truth-conditions. The 
results are statements of the following form: 

Truth-conditions 
The sentence "There is a bag of potatoes in my pantry" is true if and only if 
there is a bag of potatoes in my pantry. 

The apparent banality of such statements has puzzled generations of students 
since they first appeared in Alfred Tars ki's 1935 paper "The Concept of Truth 
in Formalized Languages. " ! Pairing English sentences with their truth -conditions 
seems to be an easy task that can be accomplished with the help of a single 
schema: 

Schema for truth-conditions 
The sentence " ___ " is true if and only if __ _ 
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A theory that produces such schemata would indeed be trivial if there wasn't 
aJ;l.Other property of natural language that it has to capture: namely, that we 
understand sentences we have never heard before. We are able to compute the 
meaning of sentences from the meanings of their parts. Every meaningful part 
of a sentence contributes to its truth-conditions in a systematic way. As Donald 
Davidson put it: 

The theory reveals nothing new about the conditions under which an 
individual sentence is true; it does not make those conditions any clearer 
than the sentence itself does. The work of the theory is in relating the 
known truth conditions of each sentence to those aspects { "words" }  of the 
sentence that recur in other sentences, and can be assigned identical roles 
in othe r sente nces. Em pirical power in such a theo ry depends on success 
in recovering the structure of a very complicated ability - the ability to 
speak and understand a language.2 

In the chapters that follow, we will develop a theory of meaning composition. 
We will look at sentences and break them down into their parts .  And we will 
think about the contribution of each part to the truth-conditions of the whole. 

1.2 Frege on compositionality 

The semantic insights we rely on in this book are essentially those of Gottlob 
Frege, whose work in the late nineteenth century marked the beginning of both 
symbolic logic and the formal semantics of natural language. The first worked­
out versions of a Fregean semantics for fragments of English w ere by Lewis, 
Montague, and Cresswell.3 

It is astonishing what language accomplishes . With a few s yllables it ex­
presses a countless number of thoughts, and even for a thought grasped for 
the first time by a human it provides a clothing in which it can be recog­
nized by another to whom it is enti rely new. This would n ot be possible 
if we could not distinguish parts in the thought that correspond to parts 
of the sentence, so that the construction of the sentence can be taken to 
mirror the construction of the thought . . . .  If we thus view though ts as 
composed of simple parts and take these, in turn, to correspond t o  simple 
sentence-parts, we can understand how a few sentence-parts can go to 
make up a great multitude of sentences to which, in turn, there correspond 
a g reat multitude of thoughts . The question now arises how the cons truc­
tion of the thought proceeds, and by what means the parts ar e put together 
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so that the whole is something more than the isolated parts. In my essay 
"Negation ,"  I considere c;l th e. case of a thought that appears to be com­
posed of one part which is in need of completion or , l'lS one might say, 
unsaturat ed ,  and whose linguistic correlate is the negative particle, and 
another part which is a thought. We cannot negate without negating some­
thing , and this something is a thought. Because this thought saturates the 
unsaturated part o r,  as one might say, completes what is in need of com­
pletion , the whole hangs together. And it is a natural conjecture that 
logical combination of parts into a whole is always a matter of saturating 
something unsaturated.4 

Frege , like Aristotle and his successors before him, was interested in the semantic 
composition of sentences. In the above passage, he conjectured that semantic 
composition may always consist in the saturation of an unsaturated meaning 
component. But what are saturated and unsaturated meanings , and what is 
saturation? Here is what Frege had to say in another one of his papers . 

Statements in general , just like equations or inequalities or expressions in 
Analysis , can be imagined to be split u p  into two parts; one comp lete in 
itself, and the other in need of supplementation, or "unsaturated. "  Thus, 
e.g. , we split up the sentence 

"Caesar conquered Gaul " 

into "Caesar" and "conquered Gaul. " The second part is "unsaturated" 
- it contains an empty place; only when this place is filled up with a proper 
name, or with an expression that replaces a proper name, does a complete 
sense appear. Here too I give the name "function" to what this "unsatur­
ated" part stands for. In this case the argument is Caesar.s 

Frege const rued unsaturated meanings as functions. Unsaturated meanings, then, 
take arguments, and saturation consists in the application of a function to its 
arguments . Technically, functions are sets of a certain kind. We will therefore 
conclude this chapter with a very informal introduction to set theory. The same 
material can be found in the textbook by Partee et al .6 and countless other 
sources. If you are already familiar with it, you can skip this section and go 
straight to the next chapter. 

1.3 Tutorial on sets and functions 

If Frege is right , functions play a crucial role in a theory of semantic composition. 
"Function" is a mathematical term , and formal semanticists no wadays use it in 
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exactly the way in which it is understood in modern mathematics ? Since functions 
are sets, we will begin with the most important definitions and notat ional 
conventions of set theory. 

1 .3. 1 Sets 

A set is a collection of objects which are called the "members" or "elements" 
of that set. The symbol for the element relation is "E". "x E A" reads "x is an 
element of A" .  Sets may have any number of elements, finite or infinite. A 
special case is the empty set (symbol "0") ,  which is the (unique) set with zero 
elements. 

Two sets are equal iff8 they have exactly the same members . Sets that are not 
equal may have some overlap in their membership, or they may be disjoint (have 
no members in common). If all the members of one set are also members of 
another, the former is a subset of the latter. The subset relation is symbo lized 
by "k; " . "A k; B" reads "A is a subset of B" .  

There are a few standard operations by  which new sets may be  constructed 
from given ones . Let A and B be two arbitrary sets. Then the intersection of A 
and B (in symbols: A n B) is that set which has as elements exactly the members 
that A and B share with each other. The union of A and B (in symbols: A u B) 
is the set which contains all the membe rs of A and all the members of B and 
nothing else. The complement of A in B (in symbols : B - A) is the set which 
contains precisely those members of B which are not in A. 

Specific sets may be defined in various ways . A simple possibility is to define 
a set by listing its members, as in ( 1 ) .  

(1) Let A be that set whose elements are a, b, and c, and nothing else. 

A more concise rendition of ( 1 )  is ( 1 ' ) .9 

( 1 ' ) A := {a, b ,  c l . 

Another option is to define a set by abstraction. This means that one specifies 
a condition which is to be satisfied by all and only the elements of the set to 
be defined. 

(2) Let A be the set of all cats .  

(2') Let A be that set which contains exactly those x such that x is a cat. 
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(2'), of course, defines the same set as (2); it just uses a more convoluted 
formulation. There is also a srmbolic rendition: 

(2 /1) A := {x : ·x is a cat} . 

Read " {x : x is a cat} " as "the set of all x such that x is a cat" . The letter "x" 
here isn't meant to stand for some particular object. Rather, it functions as a 
kind of place-holder or variable. To determine the membership of the set A 
defined in (2 /1), one has to plug in the names of different objects for the "x" 
in the condition "x is a cat" .  For instance, if you want to know whether 
Kaline E A, you must consider the statement "Kaline is a cat". If this statement 
is true, then Kaline E A; if it is false, then Kaline � A ("x e A" means that x 
is not an element of A). 

1 .3.2 Questions and answers about the abstraction 
notation for sets 

Ql :  If the "x" in " {x: x is a positive integer less than 7}" is just a place-holder, 
why do we need it at all? Why don't we just put a blank as in "L: _ is a positive 
integer less than 7}" ? 

Al:  That may work in simple cases like this one, but it would lead to a lot 
of confusion and ambiguity in more complicated cases. For example, which 
set would be meant by "L : L : _ likes _} = 0} " ?  Would it be, for instance, 

the set of objects which don't like anything, or the set of objects which noth­
ing likes ? We certainly need to distinguish these two possibilities (and also 
to distinguish them from a number of additional ones). If we mean the first 
set, we write " {x: {y : x likes y} = 0)". If we mean the second set, we write 
" {x : {y : y likes x} = 0} " .  

Q2 : Why did you just write " {x: { y  : y likes xl = 0}" rather than " {y : { x  : x 
likes y} = 0} " ?  

A2: No reason. The second formulation would be just as good as the first, and 
they specify exactly the same set. It doesn't matter which letters you choose; it 
only matters in which places you Q�e the same lettel; and in which places you 
use different ones. 

Q3 : Why do I have to write something to the left of the colon? Isn't the 
condition on the right side all we need to specify the set? For example, instead 
of " {x: x is a positive integer less than 7} " ,  wouldn't it be good enough to write 
simply " {x is a positive integer less than 7}" ? 
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A3: You might be able to get away with it in the simplest cases, but not in more 
complicated ones. For example, what we said in A t  and A2 implies that the 
following t wo are different sets : 

{x : {y : x likes y} = 0) 
{y : {x : x likes y} = 0) 

Therefore, if we just wrote " ( {x likes y) = 0) " ,  it would be ambiguous. A mere 
statement enc losed in set braces doesn't mean anything at all, and we w il l  never 
use the notation in this way. 

Q4: What do es it m ean if I w rite " {Cal ifo rn ia : Califo rn ia is a weste rn state) " ?  

A4: Nothing, it doesn't make any sense. If you want to give a list specification 
of the set whose only element is California, write " {California) " .  If you want to 
give a specification by abstraction of the set that contains all the western states 
and nothing else but those, the way to wri te it is " {x : X is a western state) " .  
The problem with what you wrote is that you were using the name of a particular 
individual in a place where only place-holders make sense. The position to the 
left of the colon in a set-specification must always be occupied by a place-holder , 
never by a name. 

QS: How do I know whether something is a name or a place-holder? I am 
familiar with "California" as a name, and you have told me that "x" and "y" 
are place-holders . But how can I tell the difference in other cases ? For example, 
if I see the letter "a" or "d" or "s" ,  how do I know if it 's a name or a place­
holder ? 

AS: There is no general answer to this question. You have to determine from 
case to case how a letter or other expression is used. Sometimes you will be told 
in so many words that the letters "b" ,  "c",  "t",  and "u" are made-up names 
for certain individuals . Other times, you have to guess from the context. One 
very reliable clue is whether the letter shows up to the left of the colon in a set­
specification. If it does, it had better be meant as a place-holder rather than a 
name; otherwise it doesn't make any sense. Even though there is no general way 
of telling names apart from place-holders, we will try to minimize sources of 
confusion and stic k to certain notational conventions (at least most of the time) .  
We will normally use letters from the end of  the alphabet as  place-holders, and 
letters from the beginning of the alphabet as names. Also we will never employ 
words that are actually used as names in English (like "California" or "John" )  
as place-holders. (Of course, we could s o  use them if we wanted to, and then 
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we could also write things like " (California : California is a western state }" , 
and it would be just another way of describing the set (x : x is a western state }. 
We could, but we won 't . }  

Q6: In all the examples we have had so far, the place-holder to the left of the 
colon had at least one occurrence in the condition on the right. Is this necessary 
for the notation to be used properly? Can I describe a set by means of a 
condition in which the letter to the left of the colon doesn't show up at all? 
What about " (x :  California is a western state} " ?  

A6: This is a strange way to describe a set, but it does pick one out. Which one? 
Well, let's see whethel; for instance, Massachusetts qualifies for membership in 
it. To determine this, we take the condition " Californ ia is a western state" and 
plug in "Massachusetts" for all the "x"s in it. But there are no "x"s, so the 
result of this "plug-in" operation is simply "California is a western state" again. 
Now this happens to be true, so Massachusetts has passed the test of membership. 
That was trivial, of course, and it is evident now that any other object will 
qualify as a member just as easily. So (x : California is a western state } is the 
set containing everything there is . (Of course, if that 's the set we mean to refer 
to, there is no imaginable good reason why we 'd choose this of all descriptions. )  
If you think about it, there a re only two sets that can b e  described at all by 
means of conditions that don't contain the letter to the left of the colon. One, 
as we just saw, is the set of everything; the other is the empty set. The reason 
for this is that when a condition doesn't contain any "x" in it, then it will either 
be true regardless of what value we assign to "x", or it will be false regardless 
of what value we assign to "x" . 

Q7: When a set is given with a complicated specification, I am not always sure 
how to figure out which individuals are in it and which ones aren 't. I know how 
to do it in simpler cases . For example, when the set is specified as " (x :  x + 2 
= x2 } " ,  and I want to know whether, say, the number 29 is in it, I know what ! 
have to do: I have to replace all occurrences of "x" in the condition that follows 
the colon by occurrences of "29" ,  and then decide whether the resulting statement 
about 29 is true or false . In this case, I get the statement "29 + 2 = 292" ; and 
since this is false, 29 is not in the set. But there are cases where it's not so 
easy. For example, suppose a set is specified as " (x : x E (x : x ':F- OH" ,  and 
I want to figure out whether 29 is in this one. So I try replacing "x" with 
"29"  on the right side of the colon . What I get is "29 E (29 : 29 ':F- O} " .  But I 
don't understand this. We just learned that names can't occur to the left of the 
colon ; only place-holders make sense there. This looks just like the example 
" (California : California is a western state} " that I brought up in Q 5. S O  I am 
stuck. Where did I go wrong ? 
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A7: You went wrong when you replaced all the "x" by "29" and thereby went 
from " {x : x E {x : x * OJ} '' to "29 E {29 : 29 * O} " .  The former makes sense, 
the latter doesn't (as you just noted yourself) ; so this cannot have been an 
equivalent reformulation. 

Q8: Wait a minute, how was I actually supposed to know that " {x : x E {x : 
x * O } } "  made sen se?  For all I knew, thi s could have been an incoherent definition 
in the first place, and my reformulation just made it more transparent what was 
wrong with it. 

A8: Here is one way to see that the original description wa s coherent, and 
this will also show you how to answer your original question: namely, whether 
29 E {x : x E {x : x * O} } .  First, look only at the most embedded set descrip­
tion, namely " {x : x * O} " .  This transparently describes the set of all objects 
distinct from O. We can refer to this set in variou s other ways : for instance, in 
the way I j ust did (as "the set of all objects distinct from O" ) ,  or by a new name 
that we especially define for it, say as "S := {x : x * O}" ,  or by " {y : y * O } " .  
Given that the set {x : x * O} can be  referred to in all these different ways , we 
can al so expre ss the condition "x E {x : x * O}"  in many different, but equivalent, 
form s - for example, these three: 

"x E the set of all objects distinct from 0"  
"x E S (where S i s  a s  defined above)"  
"x E {y : y * O}" 

Each of these is fulfilled by exactly the sa me values for "x" a s  the original 
condition "x E {x : x * O} " .  This, in turn, means that each can be substituted 
for "x E {x : x * O}"  in " {x : x E {x : x * OJ}'' , without changing the set that 
is thereby defined. So we have: 

{x : x E {x : x * O} } 
= {x : x E the set of all objects distinct from O} 
= {x : x E S }  (where S is as defined above) 
= Ix : x E {y : y * O} } .  

Now if  we want to determine whether 29 is  a member of {x : x E {x : x * O} } ,  
we can do this by using any of the alternative descriptions of  this set. Suppose 
we take the third one above. So we ask whether 29 E {x : x E S } . We know that 
it is iff 29 E S. By the definition of S, the latter holds iff 29 E {x : x * O} .  And 
this in turn is the case iff 29 * O. Now we have arrived at a n  obviously true 
statement, and we can work our way back and conclude, first, that 29 E S, 

second, tha t 29 E {x : x E S }, and third, that 29 E Ix : x E {x : x * OJ} .  
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Q9: I see for this particular case now that it was a mistake to replace all 
occurrences of "x" in the con dition "x E {x : x 1:- OJ'' by "29" .  But I am still 
not confident that I wouldn't make a similar mistake in another case. Is there 
a general rule or "fool-proof strategy that I can follow so that I'll be sure to avoid 
such illegal substitutions ? 

A9: A very good policy is to write (or rewrite) your conditions in such a 
way that there is no temptation for illegal substitutions in the first place. This 
means that you should never reuse the same letter unless this is strictly neces ­
sary in order to express what you want to say. Otherwise, use new letters 
wherever possible. If you follow this strategy, you won't ever write something 
like "(x : x E (x : x 1:- 0ll" to begin with , and if you happen to read it, you will 
quickly rewrite it before doing anything else with it. What you would write 
instead would be something like " {x : X E {y : y 1:- OJ) " .  This (as we already noted) 
describe s exactly the same set, but uses distinct letters "x" and "y" instead of 
only "x"s.  It still u ses each letter twice, but this, of course, is crucial to what 
it i s  meant to expre ss .  If we insisted on replacing the second "x" by a "z" , for 
instance, we woul d wind up with one of those st range descriptions in which the 
"x" doesn't occur to the right of the colon at all, that is , " {x : z E { Y : y 1:- O jj" . 
As we saw earliel; set s described in this way contain either everything or nothing. 
Besides, what is "z" supposed to stand for?  It doesn't seem t o  be a place-holder, 
because it's not introduced anywhere to the left of a colon. So it ought to be a 
name. But whatever it is a name of, that thing was not referred to anywhere in 
the co ndition that we had before changing "x" to "z" , so we have clearly 
altered its meaning. 

Exercise 

The same set can be described in many different ways, often quite d ifferent 
superficial ly. Here you are supposed to figure out which of the following 
equalities hold and which ones don't. Sometimes the right answer is not just 
plain "yes" or "no", but something l ike "yes, but only if . . .  ". For example, the 
two sets in  ( i) are equal on ly in the special case where a = b. In  case of doubt, 
the best way to check whether two sets are equal is to consider an arbitrary 
individual ,  say John, and to ask if John cou ld be in one of the sets without 
being in the other as wel l .  

( i )  {a} = {b} 
( i i )  {x : x = a} = {a} 
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( i i i )  {x : x is green} = {y : y is green} 
(iv) {x : x l ikes a} = {y : y l ikes b} 
(v) {x : x E A} = A 
(vi) {x : x E {y : y E Bn = B 
(vi i )  {x : {y : y l ikes x }  = 0} = {x : {x : x l ikes x }  = 0} 

1.3.3 Functions 

If we have two objects x and y (not necessarily distinct), we can co ristruct 
fro m the m the ordered pair <x, p. <x, p must not be confused with {x, y} . 
Since sets with the same members are identical, we always have {x, y} = { y, x} . 
But in an ordered pair, the order matters: except in the special case of x = y, 
<x, y> -:;:. <y, X>.lO 

A (2-place) relation is a set of o rdered pairs. Functions are a special kind 
of relation. Roughly speaking, in a function (as opposed to a non-functional 
relation), the second member of each pair is uniquely deter mined by the first. 
Here is the definition: 

(3 )  A relation f is a function iff it satisfies the following condition: 
For any x: if there are y and z such that <x, y> E f and <x, z> E f, then 
y = z. 

Each function has a domain and a range, which are the sets defined as follows: 

(4) Let f be a function. 
Then the domain of f is {x: there is a y such that <x, p E f} ,  and the range 
of f is {x: there is a y such that <y, x> E f l . 

When A is the domain and B the range of f, we also say that f is from A 
and onto B. If C is a superset ll of f's range, we say that f is into (or to) C. 
For "f is from A (in)to B" ,  we write "f  : A -7 B" .  

The uniqueness condition built into the definition of  functionhood ensures 
that whenever f is a function and x an element of its domain, the following 
definition makes sense: 

(5) f(x) := the unique y such that <x, p E f. 

For "f(x) " ,  read "f applied to x" or "f of x" .  f(x) is also called the "value of 
f for the argument x", and we say that f maps x to y. "f(x) = y" (provided that 
it is well -defined at all) means the same thing as "<x, y> E f" and is normally 
the preferred notation. 
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Functions, like sets, can be defined in various ways, and the most straight­
forward one is again to simply .list Jhe function 's elements. Since functions are 
sets of ordered pairs, this can be done with the notational devices we have 
already introduc ed, as in (6) ,  or else in the form of a table like the one in (7), 
or in words such as ( 8 ) .  

(6) F := {<a, b>, <c, b>, <d, e>} 

(7) F := [� : �l d -7e 

(8 )  Let F be  that function f with domain la, c ,  d} such that f(a} = f(c} = b and 
f(d) = e. 

Each of these definitions determines the same f unction F. The convention for 
reading tables like the one in (7) is transparent: the left column lists the domain 
and the right column the range, and an arrow po ints from each argument to the 
value it is mapped to. 

Functions with large or infinite domains are often defined by specifying a 
condition that is to be met by each argument-value pair. Here is an example. 

(9)  Let F+l be that function f such that 
f : IN -7 IN, and for every x E IN, f(x} = x + 1 .  
( IN i s  the set o f  all natural numbers. )  

The following i s  a slightly more concise format for this sort of  definition: 

( 10) F+l:= f : IN -7 IN 
For every x E IN, f(x} = x + 1 .  

Read ( 10) as: "F+l i s  to  be  that function f from IN into IN  such that, for every 
x E IN, f(x} = x + 1." An even more concise notation (using the A-operator) will 
be introduced at the end of the next chapter. 
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2 Executing the Fregean Program 

In the pages to follow, we will execute the Fregean program for a fragment of 
Engli sh. Although we will stay very close to Frege's proposals at the beginning, 
we are not interested in an exegesis of Frege, but in the systematic development 
of a semantic theory for natural language. Once we get beyond the most basic 
cases, there will be many small and some not -so-small departures from the 
semantic analyses that Frege actually defended. But his treatment of semantic 
composition as functional application (Frege's Conjecture) ,  will remain a leading 
idea throughout. 

Modern syntactic theory has taught u s  how to think about sentences and their 
parts. Sentences are repre sented as phrase structure trees. The parts of a sen­
tence are subtrees of phrase structure trees. In th is chapter, we begin to explore 
ways of interpreting phrase structure trees of the kind familiar in linguistics . 
We will proceed slowly. Our first fragment of English will be limited to simple 
intran sitive and transitive sentences (with only proper names as subjects and 
ob jects ) ,  and extremely naive assumptions will be made about their structures. 
Our main concern will be with the process of meaning composition. We will see 
how a precise characterization of this process depends on, and in turn con­
strains, what we sa y about the interpretation of individual words. 

This chapter, too, has sections which are not devoted to semantics prope r, 
but to the mathematical tools on which this discipline relies . Depending on the 
reader's prior mathematical experience, these ma y be supplemented by exercises 
from other sources or 'skimmed for a quick review. 

2 . 1  First example of a Fregean interpretation 

We begin by limiting our attention to sentences that consist of a proper name 
plus an intransitive verb. Let us assume that the syntax of English associates 
these with phrase structures like that in ( 1 ) .  
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(1) S 

� 
NP VP 

I I 
N V 

I I 
Ann smokes 

We want to formulate a set of semantic rules which will provide denotations 
fol' all trees and subtrees in this kind of structure. How shall we go about 
this ? What sorts of entities shall we employ as denotations? Let us be guided 
by Frege. 

Frege took the denotations of sentences to be truth-values, and we will fol­
low hi m in this respect. But wait. Can this be right? The previous chapter began 
with the statement "To know the meaning of a sentence is to know its truth­
conditions " .  We e mphasi zed that the meaning of a sentence is not its actual 
truth-value, and concluded that a theory of meaning for natural language should 
pair sentences with their truth-conditions and explain how this can be done in a 
compositional way. Why, then, are we proposing truth-values as the denotations 
for sentences ? Bear with us . Once we spell out the complete proposal, you 'll see 
that we will end up with truth-conditions after all. 

The Fregean denotations that we are in the midst of introducing are also 
called "extensions ", a term of art which is often safer to use because it has no 
potentially interfering non-technical usage. The extension of a sentence, then, 
is its actual truth-value. What are truth-values? Let us identi fy them with the 
numbers 1 (True) and 0 (False) . Since the extensions of sentences are not func­
tions, they are saturated in Frege's sense. The extensions of proper names like 
"Ann" and "Jan" don 't seem to be functions either. "Ann " denotes Ann, and 
"Jan" denotes Jan. 

We are now ready to think about suitable extensions for intransitive verbs like 
" smokes" . Look at the above tree. We saw that the extension for the lexical item 
"Ann" is the individual Ann. The node dominating "Ann" is a non-branching 
N-node . This means that it should inherit the denotation of its daughter node .1 

The N-node is again do minated by a non-branching node. This NP-node, then, 
will inherit its denotation from the N-node. So the denotation of the NP-node 
in the above tree is dle individual Ann. The NP-node is dominated by a branching 
S-node. The denotation of the S-node, then, is calculated from the denotation 
of the NP-node and the denotation of the VP-node. We know that the denotation 
of the NP-node is Ann, hence saturated. Recall now that Frege conjectured that 
all semantic composition amounts to functional application. If that is so, we 
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must conclude that the denotation of the VP-node must be unsaturated, hence 
a function. What kind of function? Well, we know what kinds of things its 
arguments and its values are. lis ar guments are individuals like Ann, and its 
values are truth-va lues . The extension of an intransitive verb like "smokes" ,  then, 
should be a function from individuals to truth-values. 

Let's put this all to gether in an explicit form ulation. Our semantics for the 
fragment of English under consideration consists of three components . First, 
we define our inv entory of denotations . Second, we provide a lexicon which 
specifies the denotation of each item that may occupy a terminal node. Third, 
we give a semantic rule for each possible type of non-terminal node. When we 
want to ta lk about the denotation of a lexical item or tree, we enclose it in 
double brackets . For any expression a, then, [aD is the denotation of a. We can 
think of [ D as a function (the interpretation function) that assigns appropriate 
denotations to linguistic expressions. In this and most of the following chapters, 
the denotations of expressions are extensions. The resulting semantic system 
is an extensional semantics. Towards the end of this book, we will encounter 
phenomena that cannot be handled within an extensional se mantics. We will 
then revise our system of denotations and introduce intensions. 

A. Inventory of denotations 
Let D be the set of all individuals that exist in the real world. Possible denotations 
are : 

Elements of D ,  the set of actua l individuals. 
Elements of (0, I}, the set of truth-values. 
Functions from D to (0, I} . 

B. Lexicon 

[AnnD = Ann 
[JanD = Jan 
etc. for other proper names . 

[worksD = f : D � (0, I) 
For all x E D, f(x) = 1 i ff'x works. 

[smokesD = f : D � (0, I} 
For all x E D ,  f(x) = 1 iff x smokes . 

etc. for other intransitive verbs. 

c. Rules for non-terminal nodes 
In what fo llows, Greek letters are used as variables for trees and subtrees . 







































































































































































































































130  Relative Clauses, Variables, Variable Binding 

24 We do not give a proof of this law here, but take a minute to think about why it 
holds true. For lexical items, it follows from convention (9)  in section 5.2. For traces 
and pronouns, it follows directly from the Traces and Pronouns Rule. This takes 
care of all possible terminal nodes. Now if we take any one of our composition 
rules, we can show that, as long as the law is true of an the daughter nodes, the 
application of the rule will ensure that it is true of the mother node as well. 

25 We use superscripts here to avoid any confusion with the subscript indices, which 
are parts of the variables (qua expressions) themselves. 

26 "Subtree" is understood in such a way that P counts as a subtree of itself. 
27 "C-command" in the sense of the definition: x c-commands y iff x is sister to a node 

which dominates y. 



6 Quantifiers :  Their Semantic Type 

The only DPs treated so far (not counting predicate nominals) have been proper 
names, definite descriptions, pronouns, and traces. ! We assumed that their 
denotations were individuals - that is, elements of De. There are many other 
kinds of DPs - for example, DPs made up with a variety of determiners { " this " ,  
"that",  "a{n} " ,  "every" ,  "no" ,  "many", "few", "most" ,  and so forth} and yet 
other types, such as "only John" .  What denotations should we assign to all 
these DPs and to the determiners they contain? What types of denotations will 
be suitable in each case? 

Before we address these questions directly, we will establish a couple of im­
portant negative points . First, we show that at least some DPs do not denote 
individuals. Second, we are going to see that sets of individuals {or their char­
acteristic functions2} are not a suitable type of denotation either. We will con­
sider more arguments than are strictly speaking needed to make these points . 
It may seem like overkill, but it serves the additional purpose of drawing up a 
checklist against which to test positive proposals, in particular the one adopted 
below. 

6.1  Problems with individuals as DP-denotations 

There are various types of DPs for which denotations of type e seem to work 
well. We had some success treating proper names in this way, and also definite 
descriptions. Pronouns { "he" ,  " I" ,  . . .  Land demonstratives { " this book" ,  "that 
cat" }  might also be accommodated)fwe allowed that their extensions are not 
fixed by the semantics once and for ' all, but vary from one occasion of utterance 
to the next. "!" ,  for instance, seems to denote on each occasion when it is 
uttered the individual who utters it. This individual then enters the calcula­
tion of the truth-value of the uttered sentence in the usual way. For instance, 
when Irene Heim utters "I am sleepy" ,  this is true just in case Irene Heim is 
in the extension of "sleepy",  and false otherwise. We will give more detailed 
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consideration to the proper treatment of such context dependency later on. Even 
if denotations may be fixed in part by the utterance occasion, however, individuals 
don't seem to be the right kind of denotation for many DPs. Let us see why not. 

6. 1 . 1  Predictions about truth-conditions and 
entailment patterns 

Naive intuition is not a reliable guide as to which DPs denote individuals . If 
asked whom or what "no man" denotes, a lay person might say that it doesn't 
denote anything, but with "only John", they might say it refers to John. 

As it turns out, the latter suggestion is immediately falsified by its predictions. 
If [only JohnD = John, then [only John leftD = 1 iff John left. But if John and Sam 
both left, this sentence is intuitively false, not true as just predicted. Of course, 
this argument relies on a number of assumptions: in particular, assumptions 
about the constituent structure of the example and about the principles of 
semantic composition. It is thus not an indefeasible argument, but it is sound. 

By comparison, the mere fact that it offends common sense to assign a ref­
erent to "no man", is at best a weak reason not to do so in our theory.3 More 
decisive, in this instance as well, will be considerations pertaining to predicted 
semantic judgments about sentences. Such considerations can be used to refute 
a particular assignment of denotation for a given DP, as in the case above, where 
we showed that [only JohnD cannot be John. And sometimes they can even be 
used to show that 110 denotation of a certain type will do. Let us give a few 
illustrations of this type of reasoning. 

DPs that fail to validate subset-to-superset inferences 

The following inference is intuitively valid: 

( 1 )  John came yesterday morning. 
:. John came yesterday. 

Not only is it intuitively valid, but it is predicted to be valid by any semantics 
that implies these three assumptions : 

( i )  [JohnB E De 
(ii) [came yesterday morning) � [came yesterdayr 

(Hi) A sentence whose subject denotes an individual is true iff that indi­
vidual is a member of the set denoted by the VP. 
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Proof: Suppose the premise i s  true. Then, by  (iii ) ,  [John] E [came yesterday 
morning]. Hence, by (ii) and set theory, [John] E [came yesterday]. And, again 
by (iii ) , the conclusion is true. 

'
QED. Notice that no concrete assumption about 

which element of Dc John denotes was needed for this proof. 
Now consider the parallel inference in (2) .  

(2) At most one letter came yesterday morning . 
. .  At most one letter came yesterday. 

This one is intuitively invalid: It is easy to imagine a state of affairs where the 
premise is true and the conclusion is false. For example, only one letter comes 
in the morning but two more in the afternoon. If we want to maintain (ii) and 
(iii ) , it therefore follows that [at most one letter] � Dc, or else we could prove 
the validity of (2) exactly as we proved that of ( 1 ) .  Should we give up (ii) or 
(Hi) to avoid this conclusion? (ii) seems well-motivated by other data: for example, 
the tautological status of "If John came yesterday morning, he came yesterday" .  
And giving up (iii) would set our whole enterprise back to square one, with no 
plausible substitute in sight. These would be costly moves at best. 

We can test other DPs in this inference schema: 

( 3 )  (X came yesterday morning . 
• •  (X came yesterday. 

Among the substitutions for ex that systematically fail to make this valid are DPs 
with the determiners "no" and "few",  and with all determiners of the form "less 
than n" ,  "at most n" ,  "exactly n" (for some numeral "n" ) .  For all such DPs, 
we thus have a strong reason to assume that their denotations are not of type e .  
(The reverse does not hold: there are many DPs that do validate (3 )  but still can­
not have type e denotations, for other reasons, such. as those considered next. ) 

DPs that fail the Law of ContradictionS 

If you choose two VPs with disjoint extensions and combine first one, then the 
othel; with a given proper name, you get two sentences that contradict each 
other. For example, (4) is contradi�torY. 

(4) Mount Rainier is on this side of the border, and Mount Rainier is on the 
other side of the border. 

Again, this is a judgment predicted by any semantics committed to a few plausible 
assumptions. The following four suffice: 



134 

(i) [Mount Rainier] E De 

Quantifiers 

(ii) [be on this side of the border] n [be on the other side of the border] 
= 0 

(iii) (composition rule for subject + VP, same as above) 
(iv) standard analysis of and. 

We leave the proof to the reader. 
The important point is again that this proof does not rely on a more specific 

assumption about Mount Rainier than what t)'pe of denotation it has. It will 
therefore generalize to analogous sentences with any other DP that denotes an 
individual. But many such sentences are not in fact contradictory, for example: 

(5) More than two mountains are on this side of the border, and more than 
two mountains are on the other side of the border. 

So, unless we want to mess with (ii), (iii), or (iv) , we have to conclude that more 
than two mountains does not denote anything in De. 

Further DPs to which this argument extends are "a mountain" ,  "n moun­
tains" (for any numeral "n") ,  "no mountain" ,  and lots of others . 

DPs that fail the Law of Excluded Middle6 

Again we form minimal pairs of sentences whose subjects are identical and 
whose VPs differ. This time we choose two VPs the union of whose extensions 
exhausts everything there is, and we coordinate the two sentences by "or" .  For 
example: 

(6) I am over 30 years old, or I am under 40 years old. 

(6) is a tautology, which we can prove if our semantics implies this much: 

(i) [I] E De 
(ii) [be over 30 years old] u [be under 40 years old] = D 

(iii) (as above) 
(iv) standard analysis of or. 

Our reasoning must be foreseeable at this point: Any other individual-denoting 
DP in place of "I" in (6)  would likewise be predicted to yield a tautology. 
So if there are cOllnterexamples, the DPs in them cannot denote individuals. 
Here is one: 

(7) Every woman in this room is over 30 years old, or every woman in this 
room is under 40 years old . 
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There are other such systematic differences in  the entailments, tautologies, and 
contradictions that we get for proper names on the one hand and for the lot of 
nondefinite DPs on the other. They

"
all yield potential arguments for a distinction 

in semantic type. But you have the idea, and we can turn to an argument of a 
somewhat different kind. 

6. 1 .2 Predictions about ambiguity and the effects of 
syntactic reorganization 

English syntax often allows us to construct different sentences out of more 
or less the same lexical items . Often we will get different meanings as a result. 
For instance, "John saw Mary" has different truth-conditions from "Mary saw 
John", and this is easily accounted for in our current theory. Other times, we 
get pairs of sentences whose truth-conditions coincide. This occurs with active­
passive pairs, with pairs of a topicalized sentence and its plain counterpart, or 
with certain more stilted circumlocutions like the "such that" construction: 

(8a) I answered question #7. 
( 8b) Question #7, I answered. 

(9a) John saw Mary. 
(9b) Mary is such that John saw her. 
(9c) John is such that Mary saw him. 

Whatever the subtler meaning differences in each of these groups, we cannot 
imagine states of affairs in which one member of the pair or triple is true and 
the other(s) false. Our semantics (given suitable syntactic assumptions) predicts 
these equivalences. Let us briefly sketch how before we resume our main line of 
argument. 

First, take the unlyrical (9b) and (9c ) .  If you treat the pronouns "her" and 
"him" as variables and "such that" as signaling predicate abstraction, then 
[such that John saw her] = (the characteristic function of) the set {x : John 
saw xl. This is also the value of the wh91e VP, and (9b) is thus predicted to be 
true iff Mary is in this set - which/,means nothing more and nothing less than 
that John saw her. So we have pro�ed (9b) equivalent to (9a ) .  The same goes 
for (9c) .  

Second, consider the topicalization construction in ( 8b ) .  This may be 
much like the "such that" construction. In the analysis of Chomsky's "On 
Wh-Movement,"7 the topicalized phrase in ( 8b) would be linked to a moved 
wh-phrase, and we might assume a structure of the following kind: 
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TopicP 

� 
DP CP 

I � 

Quantifiers 

question #7 wht S 

� 
DP VP 

I A 
I V DP 

I I 
answered t t  

The CP here looks like just another predicate abstract, and indeed interpreting 
it this way predicts the right meaning and the equivalence with ( 8a) .  

Why did we bring up these equivalences ? Because we now want you to look 
at analogous cases in which the names and first person pronouns of ( 8 )  and (9 )  
have been replaced by some other kinds of DPs: 

( l Oa) Almost everybody answered at least one question. 
( lOb) At least one question, almost everybody answered. 

( l 1a)  Nobody saw more than one policeman. 
( l l b) More than one policeman is such that nobody saw him. 
( l 1c) Nobody is such that he or she saw more than one policeman . 

Suddenly the "transformations " affect truth-conditional meaning. ( lOa)  can be 
true when no two people answered any of the same questions, whereas ( l Ob) 
requires there to be some one question that was answered by almost all . For 
instance, imagine there were ten students and ten questions; student #1 answered 
just question #1 , student #2 just question #2, and so on, except for student #10,  
who didn't answer any. ( lOa)  is  clearly a true description of this state of affairs, 
but ( l Ob) is false of it. (Some speakers might decide upon reflection that they 
actually get two distinct readings for ( lOa) ,  one of which is equivalent to ( lOb) .  
But even so, the fact remains that ( lOb) cannot express the salient reading of 
( lOa) . )  

Similar comments apply to ( 1 1a ) ,  ( l 1b) ,  and ( 1 1c) .  ( 1 1c)  does not require for 
its truth that any policeman went completely unnoticed, whereas ( l 1b )  claims 
that two or more did. Conversely, ( l 1b )  is true and ( 1 1c) false when everybody 
saw several policemen and there were some additional unseen policemen hiding 
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in the shadows. ( l la )  seems to  be  equivalent to ( l lc), and hence distinct from 
( l 1 b) .  Even if some speakers p.nd J l la)  ambiguous, ( l lb)  clearly differs from 
( l 1c) on any reading of either, and this is enough for us to make our point. 

The point is this: The truth�conditional effects that we have just seen to be 
associated with certain structural rearrangements are completely unexpected if 
the DPs in ( 10 )  and { 1 1 )  are treated like those in ( 8 )  and (9 ) .  The basic semantic 
properties of the "such that" and topicalization constructions directly imply that 
shuffling around DPs with meanings of type e in these constructions cannot 
possibly change truth�values . 8  So when we do observe such changes, as between 
( l 1b)  and ( l 1c) ,  they are one more piece of evidence that certain DPs don't 
denote individuals . 

A final problem with trying to assimilate the semantics of all DPs to that 
of proper names (closely related, as it turns out, to the preceding puzzle) is 
that such an approach does not anticipate certain judgments of ambiguity. 
For example, ( 1 3 )  is ambiguous in a way that ( 12 )  is not. 

( 12 )  I t  didn't snow on Christmas Day. 

( 1 3 )  It didn't snow on  more than two o f  these days. 

Suppose ten days are under consideration, and it snowed on exactly three of 
them. Is ( 1 3 )  true or false then? This depends on how you understand it. I could 
argue: " ( 1 3 )  is true. There was no snow on as many as seven days, and seven 
is more than two, so surely it didn't snow on more than two days ."  You might 
argue: "No, ( 1 3 )  is false. It snowed on three days, and three is more than two, 
so it did snow on more than two."  We are not going to settle our argument, 
because each of us is reading the sentence in a different way, and both are 
apparently readings allowed by English grammar. (There may be differences in 
the ways the two readings are most naturally pronounced, and if so, these might 
be traceable to some subtle difference in syntactic structure. Should this turn out 
to be the case, we should really group this example with the ones in the previous 
section; that is, it would then be another instance of how changes in structure 
affect truth�conditions. For our purposes here, this wouldn't make an important 
difference, since one way or the other, the example highlights a fundamental 
semantic difference between "more than/two of these days" and a proper name 
like "Christmas Day" . )  h 

There is no ambiguity of this kind 
'
in ( 12), and there can't really be, given that 

"Christmas Day" denotes a day.9 The three ingredients of this sentence - the name 
Christmas Day, tlle predicate it snows on, and the negation - can only be put 
together to produce a truth�value in one way, so there is simply no room for any 
possible ambiguity. If DPs like more than two days likewise denoted individuals, 
there ought to be no more room for ambiguity in ( 1 3 ) .  (The argument as stated 
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is a bit simple-minded, we admit: one can think of more than one way to 
semantically compose the verb snow, the temporal preposition on, a time-name, 
and a negation. But since all plausible alternatives come to the same thing in 
the case of ( 12) - they had better, or else we would predict an ambiguity that 
doesn't in fact exist! - it's hard to see how they could wind up with different 
truth-values for ( 13 ) . )  

6.2 Problems with having DPs denote sets of 
individuals 

The view that all DPs denote individuals may have been a dead horse as soon 
as anyone gave it conscious thought. But another similarly problematic idea still 
comes up every now and then. P. T. Geach introduces and warns against it as 
follows: 

Another bad habit often picked up from the same training is the way of 
thinking that Frege called mechanical or quantificatious thinking: me­
chanische oder quantifizierende Auffassung. I have used a rude made-up 
word "quantificatious" because Frege was being rude; "quantificational" 
and "quantifying" are innocent descriptive terms of modern logic, but they 
are innocent only because they are mere labels and have no longer any 
suggestion of quantity. But people who think quantificatiously do take 
seriously the idea that words like "all" ,  "some" ,  "most" ,  "none" ,  tell us 
how much, how large a part, of a class is being considered. "All men" 
would refer to the whole of the class men; "most men",  to the greater part 
of the class; "some men" to some part of the class men (better not ask 
which part ! ) ;  "no man" , finally, to a null or empty class which contains 
no men. One can indeed legitimately get to the concept of a null class -
but not this way. 

I have not time to bring out in detail how destructive of logical insight 
this quantificatious way of thinking is. lo 

Exercise 

Consider the fo l lowing "quantificatious" fragment of Engl ish. Assume our cus­
tomary composition principles. As before, the basic domains are D (= De) and 
{D, 1 } , but the denotations of lexical items are now different. 



[AnnD = {Ann} 
[JacobB = {Jacob} 
[everythingD = 0 
[nothingD = 0 
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[vanishedD = AX E Pow(D) . X S;;; {y E O :  y vanished} . 1 1  
[reappearedD = AX E Pow(D) . X S;;; {y E D : y reappeared} .  

139  

(a) Discuss the adequacy o f  this proposal with respect to  the fol lowing types 
of structures : 

s s s 

� � � 
DP VP DP VP DP VP 

I I I I I I 
N V everything V nothing V 

I I I I 
Ann vanished vanished vanished 

Are the correct truth-conditions predicted in each of the three cases? 
Can the proposal be extended to other quantifier phrases? 

(b) Which of the fo l lowing i nferences are predicted to be val id ,  g iven a 
"quantificatious" semantics of the sort presented above? Which predictions are 
correct? 

(i) Ann vanished fast. 
Ergo:  Ann vanished . 

( i i )  Everyth ing vanished fast. 
Ergo : Everything vanished. 

( i i i )  Nothing vanished fast. 
Ergo : Nothing vanished . 

For this exercise, add an unanalyzed predicate vanished fast to our fragment, 
and assume the fol lowing relationsh ip :  

{x E D : x van ished fast} S;;; {x E D : x vanished}. 

Given this assumption ,  determine whether you are able to prove that the 
premise log ically impl ies the conclusion in  each of the above examples. Note 
that, strictly speaking , the premises and conclusions are phrase structure trees, 
not just strings of words. 
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(c) Consider now the fol lowing passage from Geach : 

I n  a reputable textbook of modern logic I once came across a shocking 
specimen of quantificatious thi nking. Before presenting it to you , I must 
supply some background. In ord inary affairs we quite often need to talk 
about kinds of things that do not exist or about which we do not yet know 
whether they exist or not; and this appl ies to ord inary scientific discourse 
as wel l  - I once saw a lengthy chemical treatise with the title "Nonexistent 
Compounds."  Accordingly, logicians need to lay down rules for proposi­
t ions with empty subject-terms. The convention general ly adopted is that 
when the subject-term is empty, ostensibly contrary categorical proposi­
t ions are taken to be both true;  for example, if there are no dragons, 
"Al l  dragons are blue" and "No dragons are blue" are both true. This 
convention may surprise you ,  but there is nothing really against it ; there 
are other equal ly consistent conventions for constru ing such proposi­
t ions, but no consistent convention can avoid some surpris ing and even 
startl ing resu lts . 

Now my author was trying to show the soundness of this convention,  
and to secure that, came out with the fol lowing argument. . . .  " I f  there 
are no dragons, the phrases 'all dragons' and 'no dragons' both refer to 
one and the same class - a nu l l  or empty class. Therefore 'Al l dragons 
are blue' and 'No dragons are blue' say the same thing about the same 
class ; so if one is true, the other is true. But if there are no dragons to 
be blue, 'No dragons are blue' is true; therefore, 'All dragons are blue' 
is also true," I know the argument sounds l ike bosh;  but don't you be 
fooled - it is bosh. 1 2 

Question: What is wrong with the logician's argument? 

6.3 The solution: generalized quantifiers 

We have seen that quantificational DPs like "something" ,  "everything" ,  and 
"nothing" are not proper names. Within our current framework, this means 
that their denotations are not in Dc. That is, quantificational DPs are not of 
semantic type e. We have also seen that the denotations of quantificational 
DPs like "something" ,  "everything" ,  and "nothing" are not sets of individuals . 
Hence they cannot be of semantic type <e,t>. What, then, is the semantic type of 
quantificational DPs? The Fregean reasoning that we have been following so far 
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gives a clear answer, given (a)  the usual kind of phrase structure, as  in (1 )  below, 
(b) our previous assumptions apout. the denotations for VPs and sentences, and 
(c) our goal to reduce semantic composition to functional application whenever 
possible. 

S S S ( 1 )  

� � � 
DP VP DP VP OP VP 

I I I I I I 
N V N V N V 

I I I I I I 
nothing vanished everything vanished something vanished 

Our rules of semantic composition determine that the denotations of the VP­
nodes in the above structures coincide with the denotation of vanish, hence are 
elements of D<e,I>' Since the denotations of the sentences must be members of D1, 
we now conclude that the semantic type of quantificational OPs must be « e,t>,t>, 
provided that the mode of composition is indeed functional application, and 
given that type e is excluded. 

Here is a more intuitive way of thinking about the semantic contribution 
of "nothing" ,  "everything" ,  and "something" in subject position. Rather than 
denoting an individual or a set of individuals, "nothing" in "nothing vanished" 
says something about the denotation of the predicate "vanished" . It states that 
there is no individual of which the predicate is true; that is, there is no indi­
vidual that vanished. If we replace "nothing" with "everything" ,  the claim is 
that the predicate is true of all individuals. Finally, sticking "something" in the 
subject position of a predicate leads to the statement that there is at least one 
individual of which the predicate is true. Quantificational OPs, then, denote 
functions whose arguments are characteristic functions of sets, and whose values 
are truth-values. Such functions are sometimes called "second-order properties" ,  
first-order properties being functions of  type <e,t> . The second-order property 
[nothing], for example, applies to the first-order property [vanished], and yields 
truth just in case [vanished] does not apply. truly to any individual. More recently, 
second-order properties are common�y rderred to as "generalized quantifiers " .u  
The reasoning w e  just went througl� leads to the following lexical entries for 
"nothing" , "everything" ,  and "something" :  

[nothing] = Af E 0«,1> . there i s  no  x E Dc  such that f(x) = 1 .  
[everything] = Af E O<e,l> . for all x E Dc, f(x) = 1 .  
[something] = Af E D<c,t> . there i s  some x E Dc  such that f(x) = 1 .  
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Our semantic composition rules guarantee the right modes of combination for 
subject DPs with their VPs without any further machinery. If the DP is a proper 
name, the denotation of the VP applies to the denotation of the DP. If the DP 
is a quantifier phrase, the denotation of the DP applies to the denotation of the 
VP. The difference between the two modes of semantic composition can be 
illustrated by trees with semantic type annotations as in (2) :  

(2)  S, t 

� 
DP, « e,t>,t> VP, <e,t> 

I I 
N V 

I I 
nothing vanished 

S, t 

� 
DP, e VP, <e,t> 

I I 
N V 

I I 
Mary vanished 

In both structures, the rule for Non-Branching Nodes (NN) determines that the 
denotation of the lexical item occupying the subject position is passed up to the 
DP-node. The difference between the denotations of the lexical items "nothing" 

and "John",  then, brings about a difference in the way the respective DP-nodes 
are semantically combined with their VPs. 

Exercise 

Calcu late the truth-conditions for the trees in ( 1 ) above.  

6.3.2 Problems avoided 

Before we adopt the new higher type for quantificational DPs, we want to be 
sure that it will indeed avoid the problems we noted for the simpler types e and 
<e,t> . Let us return to the inference patterns we looked at in section 6. 1 . 1 .  

Subset to superset 

When [a] is of type e, and � necessarily denotes a subset of 'Y, then a � entails 
a 'Y. But At most one letter came yesterday morning does not entail At most one 
letter came yesterday. So we concluded that [at most one letter] cannot be in Dc. 
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Now we must show that D«c,t>,t> contains a denotation that will predict the 
invalidity of this inference .  That is, we must show that there exists a function 
f E D«c,t>,t> such that it is possible " that f( [came yesterday morningD ) = 1 ,  but 
f( [came yesterdayD ) = O. This is quite evident. We only need to point out that 
it is possible for the actual facts to be such that [came yesterday morning] -:;:. 
[came yesterdayD . T�ere are as many different functions in D«c,t>,!> as there are 
ways of mapping the elements of D<c,t> to {O, 1 } .  So for each given pair of dis­
tinct elements of D<c,t>' there are lots of functions in D«c,t>,t> that map the first 
to 1 and the second to 0 .  

Law of Contradiction 

When [aD is of type e, and � and y denote necessarily disjoint sets, then "a � 
and a y" is a contradiction. But More than two cats are indoors and more than 
two cats are outdoors is not a contradiction. So [more than two catsD cannot 
be in Dc. 

Now we must show that D«c,t>,t> contains a denotation that will predict the 
possible truth of this conjunction. That is, we must show that there exists a func­
tion f E D  «c,t>,t> such that it is possible that f([indoorsD) = 1 and f([outdoorsD) = 1 .  
Obviously, there exist plenty such functions. 

Law of Excluded Middle 

When [a] is of type e, and � and y denote sets whose union is necessarily all 
of D, then "a � or a y" is a tautology. But Everybody here is over 30 or 
everybody here is under 40 is not a tautology. So [everybodyD here cannot be 
in Dc. The proof that a suitable denotation exists in D«c,t>,t> is similarly trivial. 

In sum, once we allow DPs to have meanings of type « e,t>,t>, the problem­
atic predictions of a theory that would only allow type e (or types e and <e,t» 
are no longer derived. This in itself is not a tremendously impressive accom­
plishment, of course. There are always many boring theories that avoid making 
bad predictions about logical relations by avoiding making any at all. 

Tmth-conditional effects of syntact!c ':;organization 

It is more challenging to reflect on our second argument against the uniform 
type e analysis of DPs. We observed that certain syntactic operations which 
systematically preserve truth-conditions when they affect names (for example, 
topicalization, passive) sometimes alter them when they affect quantifiers. Does 
the type « e,t>,t> analysis help us predict this fact, and if so, why? 
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For reasons that we will attend to in the next chapter, the English examples· 
we used to illustrate this issue in section 6. 1 .2 involve complica,tions that we 
cannot yet handle. For instance, we are not ready to treat both sentences in pairs 
like (3a)  and (3b) . 

(3 )  (a )  Everybody answered many questions correctly. 
(b )  Many questions, everybody answered correctly. 

But we can construct a hypothetical case that shows how it is possible in 
principle to alter truth-conditions by the topicalization of a phrase whose meaning 
is of type « e,t>,t>. 

Suppose we topicalized the embedded s ubject ot in a structure of the form 
(4a), yielding (4b ) .  

(4) (a) It is not the case that ot is asleep . 
(b )  ot ,  it  is  not the case that t is asleep. 

Never mind that structures like (4b) are syntactically ill-formed. We only 
want to show here that (4a) and (4b) can differ in truth-conditions when 
[otB E D«c,t>,t>l which they couldn't when [otB E De. 

Here are two possible structures (see section 6 .1 .2 ) .  

(4a' ) S 

� 
it is not the case that S 

� 
(4b' ) TopicP 

� 
ot CP 

ot is asleep 

� 
wht S 

� 
it is not the case that S 

� 
tt is asleep 
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If [a] E Dc, the two structures are provably equivalent. (Exercise: Give the 
proof. ) But what happens if [a] E D«c.t>.t) We will show that in this case their 
truth-conditions may differ. Suppose, for instance, that a = everything, with the 
lexical entry given above. Then we calculate as follows: 

(5)  [ (4a}D = 1 
iff 

[everything is asleep] = 0 
iff 

[every thing] ( [asleep] ) = 0 
iff 

[asleep](x) = 0 for some x E D.  

(6 )  [(4b)] = 1 
iff 

[every thing] ( [wht it is not the case that tt is asleep] ) = 1 
iff 

[wht it is not the case that tt is asleep](x) = 1 for all x E D 
iff 

[it is not the case that tt is asleep] ( l .... xl = 1 for all x E D 
iff 

[tt is asleep]p .... x1 = 0 for all x E D 
iff 

[asleep](x) = 0 for all x E D.  

The last lines of  (5 )and (6 )  express clearly distinct conditions . I t  i s  easy to 
imagine that the actual facts might verify the former but falsify the latter: this 
happens whenever some, but not all, individuals sleep. 

So we have shown that topicalization of a phrase with a type « e,t>,t> meaning 
can affect truth-conditions. The example was a hypothetical one, but we will 
soon be able to analyze real-life examples of the same kind. 

6.4 Quantifying determi11,ers 
/1 " 

Having decided on the denotations for quantifying DPs like "nothing" ,  
"everything" ,  or "something", we are now ready to find denotations for the 
quantifying determiners "no", "every" ,  "some" ,  and what have yOll. Consider 
the following structure: 
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( 1 )  s 
� 

DP VP 

� I 
D NP V 

I I I 
painting vanished 

We reason as before. Assume that 

(a) The phrase structures for phrases containing quantifying determiners are 
as given above. 

(b )  The semantic type of common nouns is  <e,t>. 
(c) The semantic type of quantificational DPs is « e,t>,t> . 
(d) Determiners and NPs semantically combine via functional application. 

It now follows that the semantic type of quantifying determiners is 
«e,t>,« e,t>,t» . The annotated tree (2) illustrates the composition process. (2) 
has two binary-branching nodes, and in each case, the mode of composition is 
Functional Application. 

(2) S, t 

� 
DP, « e,t>,t> VP, <e,t> 

� I  
D, « e,t>,« e,t>,t» NP, <e,t> V 

I I I 
painting vanished 

As for the lexical entries, we have the following: 

�everyD = A.f E D<c,t> . [A.g E D<c,<> . for all x E De such that f(x) = 1, g(x) = 1 ]  
�noD = A.f E D<e,!> . [A.g E D<e,!> . there i s  no x E De such that f(x) = 1 and 

g(x) = 1 ]  
�someD = A.f E D<e,t> . [Ag E D<e,!> . there i s  some x E De such that f(x) = 1 and 

g(x) = 1 ]  
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Exercise 

Calculate the truth-conditions for ( 1 ) step by step. 

Our analysis of quantifying determiners with denotations of type « e,t>,« e,t>,t» , 
is essentially the one first proposed by David Lewis in " General Semantics. ,, 14 
A similar proposal for the treatment of quantification in natural languages was 
independently made by Richard Montague, and was taken up in subsequent 
work by Cresswell, Barwise and Cooper, and Keenan and StavL 15  

6.5 Quantifier meanings and relations 
between sets 

6.5. 1 A little history 

The semantics for quantifying determiners that we arrived at in the last section 
is a variant of the oldest known view of quantification, the so-called relational 
view, which can be traced back to Aristotle. About Aristotelian logic (syllogistics) ,  
the dominant paradigm up to the nineteenth century, Dag Westerstlihl says the 
following: 

The syllogistics is basically a theory of inference patterns among quantified 
sentences . Here a quantified sentence has the form 

( 1 )  QXY 

where X, Y are universal terms (roughly l -place predicates) and Q is one 
of the quantifiers all, some, no, not all. In practice, Aristotle treated these 
quantifiers as relations between terms. Aristotle chose to study a particular 
type of inference pattern with sentences of the form ( 1 ) , the syllogisms . A 
syllogism has two premisses, one conclusion, and three universal terms 
(variables) .  Every sentence has two different terms, all three terms occur 
in the premisses, and one term, the "middle " one, occurs in both premisses 
but not in the conclusion. It fgllaws that the syllogisms can be grouped 
into four different "figures" ,  i£ccording to the possible configurations of 
variables: 
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Here the Qi can be chosen among the above quantifiers, so there are 
44 = 256 syllogisms. 

Now the question Aristotle posed - and, in essence, completely answered 
- can be formulated as follows: 

For what choices of quantifiers are the above figures valid? 

For example, if we in the first figure let QI = Q2 = Q3 = all, a valid 
syllogism results ( "Barbara" in the medieval mnemonic) ;  likewise if Ql = 

Q3 = no and Q2 = all ( "Celarent" ) .  Note that Aristotle's notion of validity 
is essentially the modern one: a syllogism is valid if every instantiation of 
X, Y, Z verifying the premisses also verifies the conclusion. 1 6 

In their history of logic, William and Martha Kneale describe a contribution by 
Leibniz as popularized by the eighteenth-century mathematician L. Euler: 1 7 

Leonhard Euler's "Lettres a une Princesse d'Allemagne" (which were writ­
ten in 1761 and published in St. Petersburg in 1 768 )  must be mentioned 
among works of the eighteenth century that contributed something to 
mathematical logic . Those letters which deal with logic contain no attempt 
to work out a calculus, though Euler was a great mathematician; but they 
popularized Leibniz's device of illustrating logical relations by geometrical 
analogies, and this had some influence on thinkers in the next century. 
In particular it directed attention to the extensional or class interpretation 
of general statements; for Euler represented (or rather illustrated) the four 
Aristotelian forms of statements by three relations of closed figures accord­
ing to the following scheme . . .  

Every a is b 

No a is b 

Some a is b 

And Frege (though he may be more famous for his invention of predicate logic, 
with its 1 -place quantifiers) also endorsed the relational view of quantifiers in 
various places: "the words all, every, no, some combine with concept words 
[our NPs or VPs] . In universal and particular affirmative and negative statements 
we express relations between concepts and indicate the specific nature of these 
relations by means of those words. ,, 1 8  
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6.5.2 Relational and Schonfinkeled denotations 
for determiners 

149 

On the relational theory of quantification, quantifiers denote relations between 
sets. For instance, "every" denotes the subset relation, and "some" denotes the 
relation of non-disjohitness . A sentence like "Every goat is a mutt" is understood 
as stating that the set of goats is a subset of the set of mutts . And a sentence 
like "Some goat is a mutt" is understood as stating that the set of all goats is 
not disjoint from the set of all mutts . 

If we take "relation" in its exact mathematical sense (a set of ordered pairs) ,  
then our semantics for quantifying determiners from the previous section is not 
literally an instance of the relational theory. But there is a very straightforward 
connection between our determiner denotations and relations between sets. 

Here is a sample of the relations that common quantifying determiners would 
express on a relational theory in the strictest sense of the word: 

( 1 )  For any A !:: D and any B !:: D: 
(a )  <A, B> E Revery iff A !:: B 
(b) <A, B> E R,ome iff A ('\ B :F. 0 
(c) <A, B> E Rna iff A ('\ B = 0 
(d) <A, B> E Rat lea.t IW O  iff lA ('\ BI ;::: 219 
(e) <A, B> E Rmo•t iff lA ('\ BI > lA - BI 

It is clear why we are not assuming in this book that [everyD = Revery, [someD = 
R,ome, etcetera. This would not be consistent with our goal of minimizing the 
number of principles of semantic composition. (If, for example, [everyD literally 
were Revery, we could not interpret Every painting vanished by functional applica­
tion, but would need special new rules. )  Nevertheless, just as it is sometimes con­
venient to pretend that VPs denote sets (though they really denote functions) ,  it 
can be convenient to talk as if determiners denoted relations between sets. We 
just have to understand clearly how such talk translates back into our official 
theory. 

To see the connection between the relations defined in ( 1 ) above and our 
determiner meanings of type « e,t>,« e,t>,t» , it is helpful to appreciate an 
important analogy between quantificati(;'nal determiners and transitive verbs : 
Both can be viewed as expressing fplace relations, the only difference being 
that the latter are first-order relations (they relate individuals) ,  while the former 
are second-order relations (they relate sets of individuals or characteristic func­
tions thereof) . In the section on Schonfinkelization, we saw how to construct 
functions in D<e,<e,t» out of first-order 2-place relations . By analogous opera­
tions, we can get from second-order 2-place relations to functions in D«c,t>,«c,t>,t»'  
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To consider a concrete case, how do we get from Revery to [everyD? Oilr 
starting point is ( la )  (repeated from above) .  

( l a) Revery = (<A, B> E Pow(D) X Pow(D) : A !;;;:; BVo 

The set Revery has a characteristic function, which we'll call "Fevery" : 

(2) Fevery = 'A<A, B> E Pow(D) x Pow(D) . A !;;;:; B.21 

Fevery is a 2-place function that maps pairs of sets of individuals into truth-values . 
It can now be Schonfinkeled in two ways. We Schonfinkel it from left to right 
and call the result "fevery" :  

( 3 )  fevery = 'AA E Pow(D) . ['AB E Pow(D) . A !;;;:; B] . 

We are almost there now: fevery just about could serve as the meaning of every 
if it weren't for the fact that NPs and VPs denote functions, not sets. To correct 
this, we must replace the sets A and B by fUllctions f and g, and accordingly 
rewrite the subset condition to the right of "iff" . 

(4)  [everyD = 'Af E D<c,t> . ['Ag E D<e,t> . (x E D : f(x) = l}  !;;;:; (x E D : g(x) = l } ] .  

This i s  the lexical entry for every a s  we determined i t  i n  section 6 .4 in a slightly 
different, but equivalent, formulation. In definition (4), we just used a bit more 
set-theoretic notation for the formulation of the value description of the 'A-term. 

Exercise 

Every one of Revery, F every ' fevery• and our [everyD is in principle a candidate for 
the denotation of the Engl ish determiner every provided that one assumes 
su itable composition principles to fit one's choice. And these four are not the 
on ly possibi l it ies. Due to the systematic relations between sets and their char­
acter ist ic funct ions ,  and between  2-place funct ions  and thei r  various  
SchOnfinkelizations, there are lots of additional variants. Most of them are of 
no particular interest and don't occur in the l iterature ; others happen to be 
common. In the influential paper by Barwise and Cooper (see n. 1 3) ,  deter­
miners were treated as denoting functions from Pow(D) into Pow(Pow(D)). 

Your task in this exercise is to spel l out this option. 
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(a) G ive examples of Barwise and Cooper-style lexical entries for a couple 
of run-of-the-mi l l  determiners .  

(b) Specify the composition ru les that are needed in  conju nction with these 
lexical entries. 

(c) Show that there is a one-to-one correspondence between functions 
from Pow(D). into Pow(Pow(D))  and relations between subsets of D .  

6.6 Formal properties of relational 
determiner meanings 

If quantifiers correspond to binary relations, we may investigate whether they 
do or do not have standard properties of binary relations like symmetry, reflexivity, 
and so on. Aristotle was already interested in questions of this kind. A substantial 
part of the Prior Analytics is dedicated to investigating whether the two terms 
A and B in a statement of the form QAB are "convertible" ;  that is, whether the 
quantifier involved expresses a symmetric relation. By way of illustration, let Q 
be the determiner "some" ,  and A and B the predicates "US citizen" and "native 
speaker of Spanish" respectively. Since "Some US citizens are native speakers of 
Spanish" and "Some native speakers of Spanish are US citizens" are logically 
equivalent (that is, they have the same truth-conditions) ,  we have grounds to 
believe that "some" is convertible. It all depends, of course, on whether the 
logical equivalence is unaffected by the particular choice of predicates. 

Here is a list of some potentially interesting mathematical properties of rela­
tional determiner denotations. In every definition, 0 stands for a determiner, and 
A, B, C range over subsets of the domain DY 

Definiendum 
o is reflexive 
o is irreflexive23 
o is symmetric 
o is antisymmetric 

o is transitive 

o is conservative 
o is left upward monotone24 

o is left downward monotone 

Definiens 
for all A : <A, A> E Ra 
for all A : <A, A> � Ra 
for all A, B : if <A, B> E Rlh then <B, A> E Ra 
for all A, B : if <A, B> E Ra and <B, A> E 
Ra, then A ::: B 
for '�ll A, B, C : if <A, B> E Ra and <B, C> 
E Ra, then <A, C> E Ra 
for all A, B : <A, B> E Ra iff <A, A (') B> E Ra 
for all A, B, C : if A � B and <A, C> E Ra, 
then <B, C> E Ra 
for all A, B, C : if A � B and <B, C> E Ra, 
then <A, C> E Ro 
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o is right upward monotone for all A, B, C : if A � B and <C, A> E Rs, 
then <C, B> E Rs 

o is right downward monotone for all A, B, C : if A � B and <C, B> E Rs, 
then <C, A> E Rs 

Exercise 

For every property defined above , try to find determiners whose denotations 
have it, as wel l  as determiners whose denotations don't. 

Why have linguists been interested in classifying determiner meanings according 
to such mathematical properties ? Is this just a formal game, or does it throw 
some light on the workings of natural language? Modern research within the gen­
eralized quantifier tradition25 has shown that some of those mathematical proper­
ties may help formulate constraints for possible determiner meanings. Keenan 
and Stavi, for example, have proposed that all natural language determiners are 
conservative.26 In order to see what a non-conservative determiner would look 
like, imagine that English "only" was a determiner rather than an adverb. The 
non-equivalence of "only children cry" and "only children are children that cry" 
would now establish that "only" is a determiner that is not conservative. Conser­
vativity, then, is a non-trivial potential semantic universal. 

Other mathematical properties have been argued to pick out linguistically 
significant classes of DPs. The following two exercises will give you some taste 
of this influential line of research. When you work on those exercises, be warned 
that you may not be able to come up with completely satisfactory answers. Try 
your best, and note any open problems. If you want to delve deeper into those 
areas, consult the pioneering work of Milsark, Fauconnier, and Ladusaw,27 and 
the handbook articles mentioned in note 25 at the end of the chapter for further 
directions. 

Exercise on "there"-insertion 

It has often been observed that not al l kinds of NPs are al lowed in "there"­
insertion constructions. Here are two examples : 

( i) There are some apples in my pocket. 
( i i) *There is every apple in my pocket. 
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Test a number of  quantifiers as to their behavior in "there"-insertion construc­
tions, and try to characterize the class of quantifiers that are permitted in this 
environment with the help of some' formal property of determiner denotations. 
Consider the mathematical properties defined above. 

Exercise on negative polarity 

The adverb "ever" is an example of a so-cal led negative polarity item (NP I ) ,  
so cal led because it seems to require a negative environment: 

( i ) I haven't ever visited the Big Bend National Park. 
(ii) *1 have ever visited the Big Bend National Park. 

However, there needn't always be a "not" to l icense "ever". For i nstance, the 
fol lowing examples are also grammatical . 

( i i i )  Very few people ever made it across the Cisnos range. 
( iv) Every friend of mine who ever visited Big Bend loved it. 

Try out other sentences l ike (i i i) and l ike (iv) with d ifferent determiners in  p lace 
of "very few" and "every" . Which property of these determiners seems to cor­
relate with the d istribution of "ever"? Again ,  consider the properties defined 
above. 

6.7 Presuppositional quantifier phrases 

Determiners denote functions of type « e,t>,« e,t>,t» . Total or partial functions ? 
So far we have tacitly assumed the former. The lexical entries we have given 
for every, some, no, more than two, et�etera, all define total functions. They 
thus guarantee that every IX, some a, no IX, • • •  always have a semantic value, 
regardless of the facts (provided that IX itself has a semantic value28 ) .  In other 
words, quantifying determiners, as we have treated them so fal; never give rise 
to presuppositions . 

But we have no good reason to assume that this is generally correct for all 
quantifying determiners of natural languages. Indeed, there are some persuasive 
examples of determiners which seem to denote partial functions . 
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6. 7. 1  "Both" and "neither�� 

Consider the determiners both and neither, as in both cats, neither cat.29 What 
are the intuitive truth-conditions of a sentence like ( 1 ), for instance ? 

( 1 )  Neither cat has stripes. 

If there are exactly two cats and neither has stripes, ( 1 )  is clearly true. If there 
are exactly two cats and one or both of them have stripes, ( 1 )  is clearly false. 
But what if there aren't exactly two cats ? For example, suppose there is just one 
cat and it doesn't have stripes. Or suppose there are three cats (all equally 
relevant and salient) and none of them has stripes. In such circumstances, we are 
reluctant to judge ( 1 )  either true or false; rather, it seems inappropriate in much 
the same way as an utterance of the cat when there isn't a unique (relevant and 
salient) cat. This suggests the following lexical entry:30 

(2) f"oilho, = AA. : A E Pow(D) & IAI = 2 . [AB E Pow(D) . A (') B = 0] 

Together with the definition of "presupposition" in chapter 4, (2) predicts that 
( 1 )  presupposes there to be exactly two cats . 

Similar judgments apply to sentences like Both cats have stripes, suggesting an 
analogous lexical entry for both: 

(3)  fbo1h = AA : A E Pow(D) & IAI = 2 . [AB E Pow(D) . A k B]. 

Exercise 

Give a precise characterization of the relation between [neither] and [no] and 
the relation between [both] and [every]. 

6. 7.2 Presuppositionality and the relational theory 

The existence of presuppositional determiners like neither and both is actually 
incompatible with a strictly relational theory of quantifiers. A relation, as you 
recall, is a set of ordered pairs . A given ordered pair is either an element of a 
given relation, or else it is not. There is no third possibility. Suppose, for instance, 
that R is some relation between sets of individuals; that is, R is some subset 
of Pow(D) x Pow(D}. Then for any arbitrary pair of sets <A, B> E Pow(D) X 
Pow(D), we either have <A, B> E R or <A, B> � R. The characteristic function of 
R is a total function with domain Pow(D) x Pow(D), and any Schonfinkelizations 
of it are total functions with domain Pow(D).  
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This means that the procedure for constructing determiner meanings from 
relations which we gave in section 6 .5 .2 always produces total functions, hence 
non-presuppositional meanings: In practice, this means that we cannot obtain 
the entries for both apd neither by this construction. Put differently, we cannot 
fully describe the meanings of these determiners by sets of ordered pairs of sets . 
If we try, for example, for both, the best we can come up with is (4) .  

(4) Rbolh =? (<A, B> E Pow(D) x Pow(D) : A !:;  B & IAI = 2} 

(4) correctly characterizes the conditions under which a sentence of the, form 
both a. � is true, but it fails to distinguish the conditions under which it is false 
from those where it has no t1'l1th-value. If we based our lexical entry for both 
on (4), we would therefore predict, for example, that (5 )  is true ( ! )  in a situation 
in which there is only one cat and I saw it. 

(5) I didn't see both cats . 

This is undesirable. Speakers' actual judgments about (5)  in this situation fit much 
better with the predictions of the presuppositional analysis we adopted earlier. 

While a strictly relational theory cannot describe the meanings of both and 
neither, an almost relational theory, on which determiner meanings are poten­
tially partial functions from Pow(D) x Pow(D) to {O, 1 } ,  would work fine. On 
such a theory, both and no, for instance, would denote the functions defined in 
(6) . 

(6) (a) Fholh = A<A, B> : A !:; D & B !:; D & IAI = 2 . A !:; B. 
(b)  Foo = A<A, B> : A !:; D & B !:; ' D . A n  B = 0. 

In the case of a nonpresuppositional determiner 0, FI) happens to be the 
characteristic function of some relation on Pow(D),  but not when 0 is pre­
suppositional . In practice, the label "relational theory" is also applied to such 
an almost relational theory. 

The fact that presuppositional determiners do not correspond to relations in 
the strictest sense gives rise to some indeterminacy as to how standard properties 
of relations apply to them. Consider, for example, the notion of irreflexivity. As 
a property of relations between subsets of D, it may be defined as in (7a) or (7b). 

(7) R is irl'efiexive ' ;  
(a) . . . iff for all A !:; D, <A, A> � R. 
(b)  . . .  iff for no A !:; D, <A, A> E R. 

(7a) is the definition we employed above; (7b) would have been a fully equivalent 
choice, and no less natural. Suppose we now ask ourselves whether neither is 
an irreflexive determiner. The initial answer that we come up with is that this 
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is not a well-defined question. The only definition that we have for "irreflexivitY" 
as a property of determiners is the one in section 6.6 .  But this cannot be applied 
to neither, since there is no such thing as Rneitber . We just learned that it is not 
possible to define such a relation. 

We might stop right here and agree henceforth that the concept of irreflexivity 
is applicable only to nonpresuppositional quantifiers. But this may not be desir­
able if this concept plays some role in our semantic theory. For example, Barwise 
and Cooper (see note 13 )  have claimed that it plays a central role in the analysis 
of the English "there" -construction. If we are interested in this sort of claim, we 
have an incentive to look for a natural extension of the definition of irreflexivity 
that will allow it to apply to both total and partial determiner meanings. 

So let's replace the "R" in (7)  by an "F",  which stands for a possibly partial 
function from Pow(D) x Pow(D) into {O, 1 } .  How should we rewrite the rest? 
There are, in principle, two possibilities: 

(8) F is it'reflexive 
(a) . . .  iff for all A � D, F(A, A) = o. 

(b) . . .  iff for no A � D, F(A, A) = 1 .  

When F happens to b e  total - that is, when F is the characteristic function of 
some relation - then ( 8a )  and (8b )  are equivalent, and they amount to exactly 
the same thing as (7) .  More precisely, if R is irreflexive in the sense of (7),  then 
charR3 1 is irreflexive in the sense of both ( 8a) and (8b ) :  and if charR is irreflexive 
in the sense of either (8a) or (8b) ,  then R is irreflexive in the sense of (7). (Exercise: 
Prove this . )  This being so, both (8a )  and (8b)  qualify as natural extensions of 
the basic concept of irreflexivity. However, the two are not equivalent! They do 
coincide for total functions F, but they diverge for partial ones. To see this, 
consider the function F neitber: 

(9) Fneitber = 'A<A, B> : A � D & B � D & IAI = 2 . A n B = 0. 

If we adopt (8b ) ,  Fneither qualifies as irreflexive, but if we adopt ( 8a), it doesn't. 
(Exercise: Prove this . )  

So we have to make a choice between (8a )  and (8b ) .  From a purely formal 
point of view, the choice is entirely arbitrary. The standard choice in the linguistic 
literature is ( 8b), for reasons that have to do with the intended empirical applica­
tions (see exercise below). (8b)  is the more liberal definition of the two, in the 
sense that it makes it easier to qualify as irreflexive: Any F that is irreflexive 
according to ( 8a) is also irreflexive under ( 8b), but not vice versa. This fact 
becomes more transparent if we reformulate ( 8b) as follows: 

(10) F is i/'reflexive 
iff for all A � D such that <A, A> e dom(F) : F(A, A) = o. 
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Exercise 

Prove that ( 1 0) is equivalent to (8b) . 

Similar choices arise when other mathematical properties are extended from 
relations between sets to potentially partial determiner meanings. In many such 
cases, one of the prima facie reasonable definitions has been chosen as the 
standard definition in the linguistic literature. For instance, here are the official 
extended versions for selected concepts from our list in section 6.6 .  As before, 
"A", "B",  and "C"  range over subsets of D, and 0 stands for a determiner. 

Definiendum Definiens 
o is reflexive for all A such that <A, A> E dom(Fa) 

F/i(A, A) = 1 
o is irreflexive for all A such that <A, A> E dom(Fa) 

F/i(A, A) = 0 
o is symmetric for all A, B : <A, B> E dom(F/i) iff <B, A> 

E dom(F/i), and Fa(A, B) = 1 iff F/i(B, A) = 1 

8 is conservative for all A, B : <A, B> E dom(F/i) iff <A, A n  B> 
E dom(F/i), and F/i(A, B) = 1 iff F/i(A, A n B) 
= 1  

o is left upward monotone32 

o is left downward monotone 

o is right upward monotone 

o is right downward monotone 

Exercise 

for all A, B, C : if A � B, F/i(A, C) = 1, and 
<B, C> E dom(F/i), then F/i(B, C) = 1 
for all A, B, C : if A � B, F/i(B, C) = 1 ,  and 
<A, C> E dom(F/i), then F/i(A, C) = 1 

for all A, B, C : if A � B, F/i(C, A) = 1 ,  and 
<C, B> E dom(F/i) , then F/i(C, B) = 1 .  

for all A, B ,  C : i f  A � B, F/i(C, B )  = 1 ,  and 
<C, A> E dom(F/i), then F/i(C, A) = 1 .  

Go back to the exercises o n  "there"-sentences and negative polarity i n  section 
6.6, and reconsider your answers i� , 

the l ight of the present discussion of pre-
suppositional determiners . 

. 

6. 7.3 Other examples of presupposing DPs 

Our observations about the presupposition of both cats generalize to DPs of 
the form the two cats, the three cats, the four cats, etcetera. A sentence like 
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The twenty-five cats are in the kitchen is felt to presuppose that there are twenty­
five (relevant) cats, and to assert that all (relevant) cats are in the kitchen. Our 
semantics should thus predict that, for any numeral n and any NP a: 

( 1 1 )  the n a has a semantic value only if I [a] ! = n. 
Where defined, [the n a] = AA . [a] � A. 

How do we ensure this prediction by appropriate lexical entries in conjunction 
with the usual composition principles ? 

The answer to this question depends on what we take to be the syntactic 
structure of DPs of this form. If we could assume that their constituent structure 
is [DP [D the n] NP], and could treat the 11 as a lexical unit, it would be straight­
forward. We would only have to write lexical entries like those ill ( 12), then. 

( 12 )  Fthe three = A<A, B> : IAI = 3 . A � B 
Fthe (ollr = A<A, B> : IAI = 4 . A � B 
etc. 

This analyis is quite clearly not right. The definite article and the numeral are 
evidently lexical items in their own right, and we would like to explain how 
their separate meanings contribute to the meaning of the DP as a whole. More­
over, the constituent structure of such DPs seems to be [the [n NP] ] rather than 
[ [the n] NP] . Unfortunately, we cannot attend to these facts, since we will not 
be able to go into the semantics for plural NPs in this book.33 Well aware of its 
limitations, then, we will assume the ad hoc analysis in ( 12 ) .  

Exercise 

Suppose we treated the cat and the cats as el l iptical surface variants of the 
one cat and the at least two cats respectively. How does this treatment 
compare to the semantics for singular definites that we gave in chapter 4? 

Another type of DP that gives rise to presuppositions is the so-called partitive 
construction, exemplified by two of the five cats, none of the (at least two) dogs, 
etcetera. Assuming again a very ad hoc syntactic analysis, we could capture their 
presuppositions by lexical entries for the complex determiners along the lines of 
( 1 3 ) .  

( 1 3 )  Fnone o( the (at le,,,t two) = A<A, B>  : IAI ;;:': 2 .  A n  B = 0 
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Exercise 

Return to the exercises on there-sentences and NP ls in section 6.6 .  What 
predictions do the solutions you proposed imply for DPs of the forms con­
sidered i n  th is section ,  e .g . ,  the seven cats, none of the cats? 

6. 8  Presuppositional quantifier phrases : 
controversial cases 

In the previous section, we considered some types of DPs which carry pre­
suppositions about the cardinality of their restrictors. For most of them, we did 
not provide a serious compositional analysis to pinpoint the exact lexical sources 
of these presuppositions. But whatever their sources may turn out to be, the fact 
that the DPs as a whole carry the presuppositions in question is rather apparent 
and uncontroversial. 

With these observations in the background, we now turn to a family of much 
more controversial claims about the presuppositions of quantified structures in 
natural languages. 

6.8. 1 StrawsonJs reconstruction of Aristotelian logic 

The meanings we have been assuming throughout this chapter for sentences 
with every, some (a) ,  and no are the ones that were promoted by the founders 
of modern logic . We repeat once more the definitions of the relevant second­
order relations: 

( 1 )  (a)  Re,.cry :: (<A, B> : A � B) 

(b) Rsomc :: (<A, B> : A n B ::f:. 0) 
(c) Rno :: (<A, B> : A n B :: 0) '  

As has been noted by many commentators on the history of logic,J4 the definitions 
in ( 1 )  are not consistent with certain assumptions about the semantics for every, 
some, no that were part of (at least some versions of) Aristotelian logic. In many 
works in this tradition, generalizations such as the ones in (2) were considered 
valid. 
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(2) For any predicates a., �: 
(i )  every a p and no a p is a contradiction. 
(ii) some a p or some a not p is a tautology. 

(iii) every a p entails some a p. 
(iv) no a p entails some a not p. 

We give a concrete English instance for every of the sentence schemata is (2(i ) )­
(2 (iv) ) :  

(3 )  (a)  Every first-year student in  this class did well and no first-year student 
in this class did well. 

(b) Some cousin of mine smokes, or some cousin of mine doesn't smoke. 
(c) Every professor at the meeting was against the proposal. 

:. Some professor at the meeting was against the proposal. 
(d) No student presentation today was longer than an hour. 

:. Some student presentation today wasn't longer than an hour. 

According to the Aristotelian laws in (2), (3a)  is contradictory, (3b) is a tautology, 
and (3c) and (3d) are valid inferences. The predictions of the modern ("classical ,,35) 
analysis in ( 1 ) , are otherwise: (a )  is contingent; specifically, it is true when there 
are no first-year students in this class. (b)  is likewise contingent; it is false when 
the speaker has no cousins . The premise in (c) doesn't entail the conclusion: the 
former is true but the latter false when there were no professors at the meeting. 
Likewise for (d) :  its premise is true, but its conclusion false if there were no 
student presentations today. 

Which of the two sets of predictions is correct for English? As we will see, 
the empirical evidence bearing on this question is surprisingly difficult to assess. 
Before we take a closer look at it, let's present a concrete semantic analysis of 
the determiners every and some that predicts the validity of the Aristotelian laws 
in (2 ) .  Such an analysis is suggested in the following passage from Strawson:36 

Suppose someone says "All John's children are asleep" .  Obviously he will 
not normally, or properly, say this, unless he believes that John has chil­
dren (who are asleep) .  But suppose he is mistaken. Suppose John has no 
children. Then is it true or false that all John's children are asleep? Either 
answer would seem to be misleading. But we are not compelled to give 
either answer. We can, and normally should, say that, since John has no 
children, the question does not arise . . . .  

. . . The more realistic view seems to be that the existence of children of 
john's is a necessary precondition not merely of the truth of what is said, 
but of its being either true 01' false . . . .  
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. . .  What I am proposing, then, is this. There are many ordinary sen-
tences beginning with such phrases as "All . . .  ", "All the . . .  ", "No . . .  " , 
"None of the . . .  " ,  "Some . . �''' , "Some of the . . .  " ,  "At least one . . .  " ,  "At 
least one of the . . .  " which exhibit, in their standard employment, parallel 
characteristics to those I have just described in the case of a representative 
"All . . .  " sent�nce. That is to say, the existence of members of the subject­
class37 is to be regarded as presupposed (in the special sense described) by 
statements made by the use of these sentences; to be regarded as a neces­
sary condition, not of the truth simply, but of the truth or falsity, of such 
statements. I am proposing that the four Aristotelian forms [i.e . ,  "all a W' , 
"no a W' , "some a W' , "some a not W' , as they are interpreted in Aristo­
telian logic] should be interpreted as forms of statements of this kind. 
Will the adoption of this proposal protect the system from the charge of 
being inconsistent when interpreted?  Obviously it will. For every case of 
invalidity, of breakdown in the laws [of Aristotelian logic] , arose from the 
non-existence of members of some subject-class being incompatible with 
either the truth or the falsity of some statement of one of the four forms. 
So our proposal, which makes the non-existence of members of the subject­
class incompatible with either the truth or the falsity of any statement of 
these forms, will cure all these troubles at one stroke. We are to imagine 
that every logical rule in the system, when expressed in terms of truth and 
falsity, is preceded by the phrase "Assuming that the statements concerned 
are either true or false, then . . .  " Thus . . .  the rule that [all a. P] entails 
[some a. P] states that, if corresponding statements of these forms have 
truth-values, then if the statement of the [form all a. Pl is true, the state­
ment of the [form some a. Pl must be true; and so on. 

At the beginning of this quote, it is not immediately apparent which set of English 
determiners Strawson means to make claims about. His primal)' example all John's 
children is probably among those less controversial candidates for a presupposi­
tional analysis which we already surveyed in the previous section. Possessive DPs 
like John's children are standardly analyzed as covert definite descriptions (with 
structures essentially of the form the children (of) John), and all + definite is taken 
to be a partitive. (So all john's children is a surface variant of all of john's chil­
dren, the optionality of of being an idiosyncratic property of all . )  As far as this 
particular example goes, then, Strawson's daims may not go beyond what is com­
monplace in contemporary formal semantics, and the same goes for none of the, 
some of the, and at least one of the, which he lists a few paragraphs down. But 
in this same list he also includes plain all, no, some, and at least one. So it is clear 
that he means his proposal to extend beyond the partitives, and we concentrate 
here on its application to the simple determiners he mentions, plus every (which 
we assume Strawson would not distinguish from all in any respect relevant here ) .  
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According to Strawson then, at least some occurrences of English every, some, 
etcetera behave as if their lexical entries were not as in ( 1 )  above, but rather as 
below: 

(4) (a) Fevery = A<.A, B> : A :/:. 0  . A � B. 
(b) Fno = A<A, B> : A :/:. 0  . A (") B = 0. 
(c) Fsom. = A<A, B> : A :/:. 0  . A (") B :/:. 0. 

These entries validate the Aristotelian generalizations in (2), provided, as Strawson 
notes, that there are suitable definitions of the basic semantic properties. Here 
is a proposal: 

Basic semantic properties 
$ is a tautology iff the semantic rules alone establish that, if cp is in the domain 
of [ D, then [cp] = 1 .  
$ is a contradiction iff the semantic rules alone establish that, if cp is in the 
domain of [ ], then [cp] = o. 

$ e1ttails '" iff the semantic rules alone establish that, if cp and '" are both in the 
domain of [ ] and [cp] = 1 ,  then [",] = 1 .  

So it is reasonable to hypothesize that, to the extent that native speakers' 
judgments about examples like (3 )  conform to the predictions in (2) ,  this is due 
to their using the entries in (4) rather than those in ( 1 ) . 

6.8.2 Are all determiners presuppositional? 

Strawson was not directly engaged in natural language semantics, and it is 
impossible to attribute to him any very specific claim in that domain. He did 
say that at least some uses of simple English determiners carried existence pre­
suppositions, but this certainly doesn't imply that (4a), (4b), and (4c) are the 
lexical entries for English every, no, some. At best it implies that some English 
utterances are correctly translated into a symbolic language whose determiners 
have the semantics of (4) .  As regards English itself, this leaves many possibil­
ities open. Perhaps (4) represents certain readings, among others, of lexically 
ambiguous items of English. Or perhaps it's not the lexical denotations of the 
determiners at all that are responsible for the relevant presuppositions, but other 
ingredients of the structures in which they occur. Linguists inspired by Straws on's 
discussion have explored various concrete options in this regard. We will begin 
here with a hypothesis that is simpler and more radical than most of the other 
proposals that are out there . By considering some standard objections to it, we 
will develop an appreciation for a variety of hypotheses that are currently under 
debate . 
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Following up on Strawson's remarks, let us look at the following Presupposi­
tionality Hypothesis, versions of which have been argued for by James McCawley, 
and more recently by Molly Diesi�g. 38 

(5) Presuppositionality Hypothesis 
In natural languages, all lexical items with denotations of type 
« e,t>,« e,t>,t» are presuppositioltal, in the sense of the following 
mathematical definition (where S is a lexical item of the appropriate semantic 
type, such as a determiner) :  
S i s  presuppositional iff for all A � D, B � D : if A = 0, then <A, B> � 
dom(FII) ' 

According to this hypothesis, determiner denotations like those defined in ( 1 )  
are not possible i n  natural languages a t  all, and a fortiori cannot b e  the denota­
tions of English every, all, some, at least one, a, no on any of their readings. 
The closest allowable denotations are the minimally different presuppositional 
ones defined in (4) .  Similarly, the denotations of most other determiners that we 
have considered in this chapter must be slightly different from what we have 
assumed. The following would be some revised lexical entries that conform to 
the Presuppositionality Hypothesis: 

(6) (a) Ffew = A<A, B> : A -:t:. 0 . lA (') BI  is small. 
(b) FOIost = A<A, B> : A -:t:. 0 . lA (') B I  > t lA I .  
(c) Fat I •••  t three = A<A, B> : A -:t:. 0 . lA (') BI ;::: 3 .  
(d) Fat m051 three = A<A, B> : A -:t:. 0 . lA (') B I � 3. 

How does this hypothesis fare with respect to the linguistic facts ? 
There are some observations that appear to support it, as even its harshest 

critics concede. Lappin and Reinhart,39 for instance, report that their informants 
judge 7(a)  below to be a presupposition failure rather than a true statement. 
(The informants were all aware, of course, that America has never had kings, 
and made their judgment on the basis of this piece of factual knowledge. )  
McCawley40 already reported similar intuitions about 7(b) :  

(7) (a)  All/every American king(s) liv.;ed in New York. 
(b) All unicorns have accounts at the Chase Manhattan Bank. ry 

These judgments are predicted by the lexical entry for every in (4) (and a 
parallel entry for all), whereas the one in ( 1 )  would predict judgments of "true" .  
So  we have observations here which, ceteris paribus, favor (4) over ( 1 ) ,  and thus 
support the Presuppositionality Hypothesis . But for other examples, the 
predictions seem not to be borne out. Here are some more data from Reinhart:41 
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(8) (a) No American king lived in New York. 
(b) Two American kings lived in New York. 

Regarding (8a )  and (8b) ,  only about half of Reinhart's informants judged them 
presupposition failures on a par with (7) . The other half judged (8a )  true and 
(8b) false. So this looks as if some people employed the presuppositional entries 
in (4) and (6) ,  whereas others employed the standard ones from ( 1 )  and previous 
sections. Reinhart also contrasts (7) with (9) .  

(9)  (a) Every unicorn has exactly one horn. 
(b) Every unicorn is a unicorn. 

Her informants judged (9a) and (9b) true without hesitation, as if in this case, 
unlike with (7), they employed the standard nonpresuppositional entry of every. 

So the evidence seems to be mixed. Can we detect some systematic pattern? 
Lappin and Reinhart (following earlier authors, especially Barwise and Cooper 
and de Jong and Verkuyl42 ) endorse two descriptive generalizations. The rel­
evant difference between (7) and (9),  they maintain, is that (9 )  need not be taken 
as a description of the actual world, whereas (7) cannot naturally be taken any 
other way. They formulate this first generalization roughly as follows: 

( 10 )  In non-contingent contexts, speakers' judgments about presupposition 
failure and truth-value conform to the standard (nonpresuppositional) 
analyses of determiners. 

The notion of a "non-contingent context", of course, cnes out for further 
clarification, and we will return to this shortly. 

If ( 10 )  succeeds in distinguishing (7) from (9) ,  the difference between (7) and 
(8) must lie elsewhere, both presumably being understood as "contingent" state­
ments in the relevant sense. Apparently, what is decisive here is the choice of 
determiner. (7) and ( 8 )  are completely alike up to their determiners, and by 
testing a larger sample of additional determiners in the same kind of context, 
it emerges that the dividing line is the same as that which determines the gram­
maticality of there be sentences. Determiners disallowed in the there construc­
tion (every, almost, every, not every, most, and, unsurprisingly, uncontroversially 
presuppositional ones like both and neither) give rise to presupposition failure 
judgments in examples like (7) .  The ones that are alright in there sentences (no, 
numerals, few, many), when placed in the same sentence frame, evoke the mixed 
reactions found with ( 8 ) .  If (following Milsark) we define a "strong" determiner 
as one that is barred from there sentences, and a "weak" determiner as one that's 
allowed there, we can state Lappin and Reinhart's second descriptive general­
ization as follows: 
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( 1 1 )  In contingent contexts, strong determiners evoke judgments that conform 
to the presuppositional , ana!ysis, whereas weak determiners give rise to 
mixed judgments that conform sometimes to the presuppositional and 
sometimes to the standard analysis. 

We will assume that both of these empirical generalizations are at least roughly 
on the right track. Either one of them seems to threaten the Presuppositionality 
Hypothesis by outlining a set of prima facie counterexamples . Suppose we never­
theless wanted to defend this hypothesis . Let us take a closer look, first at ( 10 )  
and then a t  ( 1 1 ) , to see whether such a defense i s  possible and what i t  would 
commit us to. 

6.8.3 Nonextensional interpretation 

The fact that (9a) and (9b) are spontaneously judged true is unexpected if every 
carries a Strawsonian existence presupposition. Similar facts were acknowledged 
by previous proponents of a presuppositional semantics for every: in particular, 
Diesing, de Jong and Verkuyl, and Strawson himself. Let's look at some of their 
examples and how they responded to the challenge. We quote from de Jong and 
Verkuyl:43 

. . .  we claim that the standard interpretation of universal quantification is 
not based upon the most regular use of all in natural language, but rather 
upon the marked use of this expression: its conditional use. Due to its 
conditional structure, 

( 12 )  \::Ix (Px --7 Qx) 

expresses a specific relation between P and Q. Such an interpretation of 

( 1 3 )  All ravens are black 

is favored by the fact that the set of all ravens is a subset of the set 
of black entities, which is not based on observation, but on induction or 
hypothesis. Blackness is taken as a property inherent to ravens, as long as 
no counterexample shows up. Examples such , as ( 1 3 )  must be treated as 
marked cases in comparison with contingent sentences such as ( 14)  and 
( 1 5 ) . 

( 14)  All seats are taken. 

( 15 )  All men are ill. 

We use the term "marked" here in the linguistic sense. Sentence ( 1 3 )  is a 
clear example of a statement having the status of a law - or a hypothesis, 
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an opinion or a belief - that is firmly settled in science, in biological theory 
and also in our everyday naive physics . . . .  In general, sentences like ( 14 )  
and ( 15 )  are fully nonsensical i f  there are no men or seats in  the context 
of use. This seems to be due to the fact that there is no inherent relation 
between seats and the property "to be taken" ,  or between men and the 
property "being ill " .  As a consequence ( 12) cannot serve as a basis for this 
interpretation of ( 14)  and ( 15 ) .  However, suppose that (ultrafeminist) sci­
ence discovers that ( 1 5 )  is a law of nature. In that case, the interpretation 
of ( 15 )  is on a par with ( 1 3 ) .  So it depends on whether a certain sentence 
functions as a lawlike statement in a theory (or a more or less consistent 
set of everyday assumptions) ,  when the conditional use gets the upper 
hand. . . .  We regard the lawlike use of sentences as marked because we 
do not think it is a property of natural language that there are theories, 
whether scientific or embedded in our everyday opinions . Summarizing, 
all can be used in lawlike sentences as well as in contingent statements. 
Both contexts impose different interpretations on all. Only in hypothetical 
contexts can all be interpreted without presuppositions on the size of 
[NU. In contingent statements the use of all requires a non-empty noun 
denotation. 

De Jong and Verkuyl and Lappin and Reinhart, though they come down on 
opposite sides about the two competing lexical entries for all (every), agree 
essentially 011 the terms of the debate. Not only do they give similar descriptions 
of the relevant intuitions, they also assume that, first, the j udgments about (9a), 
(9b), and ( 13 )  are incompatible with a (unambiguously) presuppositional analysis 
of every/all, and that, second, they support the standard nonpresuppositional 
analysis . But are these two assumptions so evidently correct? Strawson, it turns 
out, argued long ago that the second was quite mistaken:44 

. . .  There are, in fact, many differences among general sentences . Some of 
these differences have been exploited in support of the claim that there are 
at least some general sentences to which the negatively existential analysis 
( " (x) (fx ::> gx) " )  is applicable.45 For example, it may be said that every one 
of the following sentences viz., 

( 1 6) All twenty-side rectilinear plane figures have the sum of their angles 
equal to 2 x 1 8  right angles 

( 17) All trespassers on this land will be prosecuted 

( 1 8 )  All moving bodies not acted upon by external forces continue in a 
state of uniform motion in a straight line 
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might be truthfully uttered; but in no case IS It a necessary condition 
of their truthful utterance that their subject-class should have members. 
Nor can it be said that the q�estion of whether or not they are truthfully 
uttered is one that arises only if their subject-class has members . . . .  These 
facts, however, are very inadequate to support the proposed analysis. If 
the proposed analysis were correct, it would be a sufficient condition of 
the truthful utterance of these sentences that their subject-classes had no 
members; for "- (3x) (fx) " entails " (x) (fx ::> gx) " .  But this is very far from 
being the case for these, or for any other, general sentences. 

Let us consider this important point more carefully. If Strawson is right, it was 
no more than a coincidence that the "true" -judgments which Reinhart found 
with (9a) and (9b) conformed to the standard analysis of every. If we vary the 
predicate, we will find just as many "false" -judgments: 

(9) (c) 
(d) 

Every unicorn has exactly two horns. 
Every unicorn fails to be a unicorn.46 

Similarly, if we make suitable alterations in the predicates of Strawson's examples, 
their intuitive truth-values go from true to false: 

( 1 8' )  All moving bodies not acted upon by external forces decelerate at a rate 
of 2.5 m/sec2• 

The same knowledge of physics that makes us assent to ( 18 ) ,  regardless of whether 
we believe that there actually exist any bodies not acted upon by external forces, 
will make us dissent from ( 1 8') . 

The same point can be made by minimally varying the quantifier, say from all/ 
every to no: 

(9)  (e) No unicorn has exactly one horn. 

( 1 8" )  No moving body not acted upon by external forces continues in  a 
state of uniform motion in .a straight line. " ",, 

/t , 
If the "true"-judgments on (9a) and ( 1 8 )  are claimed as evidence for the standard 
analysis of every/all, shouldn't the "false"-judgments on (ge) and ( 1 8") be counted 
as evidence against the standard analysis of no? 

Summarizing Strawson's point, the judgments that speakers have about truth 
and falsity of lawlike quantificational statements do not support the standard 
analysis of quantifiers any more than the presuppositional one. Both analyses 
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seem to make systematically wrong predictions in this domain, albeit differ­
ent ones. The presuppositional analysis errs by predicting that emptiness of the 
restrictor's extension suffices to render all such statements truth-value-less. The 
standard analysis errs by predicting that emptiness of the restrictor's extension 
suffices to verify all of them. It looks like both analyses miss the point of what 
really determines the intuitive truth-values of these statements. 

We might leave it at this and simply set the semantics of lawlike quantifica­
tional sentences aside. What data we have looked at concerning their truth­
conditions turned out to be simply irrelevant to the question we set out to answer: 
namely, whether natural language exhibits a universal constraint against non­
presuppositional determiners . But this is not entirely satisfactory. If none of the 
semantic treatments of quantifiers that we are currently entertaining is applicable 
to lawlike statements, then shouldn't we abandon them all, instead of wasting 
our time comparing them to each other?47 

Fortunately, we can do better. Diesing maintains her version of the Pre­
suppositionality Hypothesis in spite of the apparently conflicting data in connec­
tion with lawlike statements that she is well aware of. Here is a possible story 
that is in the spirit of Diesing's reaction to the challenge.48 

So far, we have only seen negative characterizations of what people do when 
they decide that, say, (9a) is true and (9c) is false. They don't, we saw, treat the 
fact that there are no actual unicorns as evidence one way or the other. What 
do they treat as evidence, then? It's not really so hard to give at least the rough 
outlines of a positive answer. There is a certain body of mythology that we have 
acquired together with the word unicorn. This mythology specifies a set of 

. possible worlds in which there exist unicorns and in which these unicorns have 
certain properties and not others. All unicorns in the worlds that instantiate the 
myth have one horn, for instance, and none of them in any of these worlds have 
two horns. This, it seems, is the intuitive reason why (9a) is true and (9c) is 
false. If we consider not the set of actual unicorns (which is empty), but rather 
the set of mythologically possible unicorns (which consists of all the unicorns in 
the possible worlds which are truly described by the relevant myth), then it turns 
out that this set is (i) nonempty, (ii) a subset of the set of possible individuals 
with exactly one horn, and (iii) disjoint from the set of possible individuals 
with two horns. 

This account suggests that the interpretation of (9a) and (9c) does, after all, 
involve a run-of-the-mill interpretation of every: namely, the one in ( 1 )  or (4). 
Either makes the correct prediction that (9a) is true and (9c) false, once we 
assume that the quantifier does not quantify over actual unicorns, but rather over 
mythologically possible unicorns . We do not have to commit ourselves to a par­
ticular technical realization of this idea here. Diesing assumes that lawlike state­
ments are implicitly modalized. Quantificational DPs in lawlike statements, then, 
would be under the scope of a modal operator, and this is why quantification 
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is over possible individuals . Suppose some such analysis is on the right track. 
It appears, then, that what's specia,l about the class of statements that Lappin 
and Reinhart call "non-contingent" and de Jong and Verkuyl " lawlike" is not 
a special interpl'etation of the quantifier at all. Rather, it is a special property 
of the environment the quantifier finds itself in. 

Analogous stories can be told about de Jong and Verkuyl's biological law ( 1 3 ) 
or Strawson's sentences ( 1 6)-( 1 8 ) .  The. point about ( 1 8 ) ,  we might say, is that 
it quantifies over all physically possible bodies not acted on by external forces, 
not just the actual ones. And ( 1 7) quantifies over all possible trespassers in 
the worlds that conform to the intentions of the land-owner at least as well as 
any world with trespassers in it can conform to them. In every one of these 
examples, we make our truth-value judgments by considering such sets of 
(wholly or partially) non-actual individuals . 

At this point, it looks as if the truth-conditions of lawlike statements such 
as (9a)-(ge),  ( 1 3 ) , ( 1 6)-( 1 8 ) ,  and ( 1 8') ,  ( 1 8/1 ) are, after all, consistent with both 
the presuppositional or the standard analysis of every/all and no. The existence 
presuppositions of the former are automatically fulfilled once the restrictor is 
interpreted in a suitably large domain of possible individuals, and then both 
analyses make the same, correct, predictions . It seems, then, that the data about 
lawlike quantificational statements that we have considered so far have no 
bearing one way or the other on the decision between presuppositional and 
standard lexical entries for the quantifiers . But this time around, the conclusion 
does not come packaged with reasons to suspect that both are wrong. Rather, 
both remain in the running, and we are ready to continue our search for decisive 
evidence. 

Diesing reports an argument due to Kratzer49 that intends to show that the 
presuppositional analysis is not just compatible with, but even necessary for, an 
adequate treatment of quantifying determiners in lawlike and other modalized 
statements. The bottom line of the argument is that unless we adopt a pre­
suppositional analysis, quantifying determiners within the scope of modal oper­
ators might give rise to the Samaritan Paradox, a paradox that is well known 
to scholars of modal logic and conditionals.50 Although we cannot go into the 
technical details of the argument here, we think an informal sketch may be useful, 
even in the absence of the necessary background from modal logic.51 

The Samaritan Paradox comes up with sentences like ( 1 9a)-( 19c) :  

; 
( 19 )  (a )  The town regulations require that there be  no  trespassing. 

(b)  The town regulations require that all trespassers be fined. 
(c) The town regulations require that no trespassers be fined. 

Suppose we live in a world in which ( 19a) and ( 1 9b)  are true, but ( 19c) is 
false. Intuitively, there is nothing wrong with such an assumption. Yet any theory 
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that combines the standard modal analysis for verbs like "require" with the 
nonpresuppositional analysis of "all trespassers" and "no trespassers" would 
predict otherwise. ( 1 9a) says that there is no trespassing in any possible worlds 
that are compatible with the actual town regulations (these are the possible 
worlds in which no actual town regulation is violated) . If "all trespassers" 
and "no trespassers" are nonpresuppositional, ( 1 9b) and ( 1 9c) would both 
be true. (19b) is true just in case all trespassers are fined in all possible worlds 
that conform to the actual town regulations. Since there is no trespassing in 
any of those worlds, there are no trespassers, and ( 1 9b)  comes out true. And so 
does (19c) .  Consequently, we can't draw the desired distinction between ( 19b) 
and (19c) .  

The way we seem to understand ( 1 9b) and ( 1 9c) is that we temporarily 
suspend the regulation that there be no trespassing. But how come we suspend 
this regulation? Because we are temporarily assuming that there are trespassers . 
Where does this assumption come from? If "all trespassers " and "no trespassers" 
are presllppositional, we have an answer. The presupposition that there are tres­
passers could play a systematic role in picking out the set of possible worlds we 
are considering. For this to be an acceptable answer, however, we have to give 
a good account of the difference between the nonpresuppositional "no tres­
passing" in ( 19a) and the presuppositional "no trespassers" in ( 1 9c) .  The next 
section will look into this issue. 

6.8.4 Nonpresuppositional behavior in weak determi1terS 

We now turn to the challenge that the Presuppositionality Hypothesis faces from 
the behavior of weak determiners . Recall Reinhart and Lappin's generalization 
( 1 1 ) :  

( 1 1 )  In contingent contexts, strong determiners evoke judgments that conform 
to the presuppositional analysis, whereas weak determiners give rise to 
mixed judgments that conform sometimes to the presuppositional and 
sometimes to the standard analysis. 

The salience of the standard (nonpresuppositional) interpretation is known to be 
affected by pragmatic and grammatical factors, and in some examples it is entirely 
naturaI,52 Consider these: 

(20) (a) 
(b) 
(c) 

No phonologists with psychology degrees applied for our job. 
Two UFOs landed in my backyard yesterday. 
At most, twenty local calls from this number were recorded. 
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These sentences might very well be used in conversations where speaker and 
hearer are fully conscious of the possibility that there may be nothing that satis­
fies the restrictor. For instance, if I believe that there just aren't any phonologists 
with psychology - degrees and am trying to convince you of this, I might use 
(20a) to cite circumstantial evidence for my conviction. If it later turns out that 
indeed there are no phonologists with psychology degrees, I will not feel any 
pressure to rephrase my statement. Quite to the contrary, I may then reiterate: 
"That's what I thought: there aren't any phonologists with psychology degrees. 
No wonder that none applied. "  

The situation with (20b) is a bit different. Unlike the previous sentence, this 
one cannot be used by a sincere speaker who believes that the restrictor is 
empty. After all, if there are no UFOs, then (20b) cannot be true. But it seems 
quite clear intuitively that it can be false in this case. Imagine that you and I 
have an ongoing disagreement about the existence of UFOs: I believe they exist, 
you do not. (20b) could be uttered in the course of one of our arguments about 
this matter: I might use it as evidence for my position. If you want to defend 
yours then, you will argue that (20b) is false. So in this case as well, the non­
emptiness of the restrictor seems not to be a presupposition of (20b) .  

The case of (20c) is more similar to that of (20a),  in that the non-existence 
of any local calls from this number would make it true (rather than false) .  
Imagine I just got the phone bill and there is no  extra charge for local calls .  
According to my contract with the phone company, the first twenty calls every 
month are covered by the basic rate . If I utter (20c) in this situation, I will not 
be taken as prejudging the question of whether there were any local calls from 
this number at all. 

In every one of these cases, the standard, nonpresuppositional entries for 
the determiners seems to fit our intuitions much better than their presupposi­
tional alternatives, and the Presuppositionality Hypothesis might accordingly 
look undesirable. This conclusion is further reinforced when we broaden the 
scope of our examples to include quantifiers in positions other than subject 
position.53 An especially natural environment for nonpresuppositional interpreta­
tions is the post-copular position of there sentences. Reinhart,s4 for instance, 
reports that even those informants who perceived ( 8a) and (8b )  as presupposi­
tion failures had no hesitation in judging (21a)  and (21b) as respectively true 
and false. 

( 8 )  ( a )  No American king lived in  New York. 
(b) Two American kings lived in New York. 

(21 ) (a) There were no American kings in New York. 
(b) There were two American kings in New York. 
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In this particular construction, strong determiners are not grammatical in the 
first place. But in non-subject positions where both weak and strong determiners 
can occur, we see quite clearly that there is indeed a minimal contrast between 
weak and strong determiners. Strong determiners receive presuppositional readings 
regardless of position, whereas weak ones need not. Zucchi cites the following 
paradigm from Lumsden:55 

(22) If you find every mistake(s), I'll give you a fine reward. 
most 
many 
a 
no 
three 

The examples with the strong determiners (every, most) convey that the speaker 
assumes there to be mistakes, whereas the ones with weak determiners (many, 
a, no, less than 2) sound neutral in this regard. 

What do we conclude from this (cursory) survey of data ? An obvious pos­
sibility is to maintain the Presuppositionality Hypothesis in its radical form and 
explore the possibility that weak determiners might be affected by a type ambi­
guity, as considered by Partee.56 In chapter 4, we looked at predicative uses of 
indefinites like a cat in Julius is a cat, and concluded that when so used, indefinites 
are of semantic type <e,t>. Maybe all nonpresuppositional uses of weak DPs can 
be assimilated to the predicative use. This is the line taken by Diesing,57 who 
builds on insights from Discourse Representation Theory.58 Weak DPs may or 
may not be interpreted as generalized quantifiers. Only if they are, are they 
presuppositional. If weak DPs are ambiguous, we now need to say something 
about the observed distribution of possible readings. Diesing invokes a special 
principle, her Mapping Hypothesis, to this effect. 

Much current research explores ways of doing away with principles like the 
Mapping Principle. De Hoop59 follows Diesing in assuming a type ambiguity 
for weak DPs, but links the different semantic types to different cases (in the 
syntactic sense) .  She then proposes to derive the distribution of the two types 
of weak DPs from syntactic principles governing the two types of cases, plus 
independent principles governing the interpretation of topic and focus. Other 
recent attempts in the literature reject the idea that weak DPs are ambiguous as 
to their semantic type, and argue that topicality and focus all by themselves are 
able to account for the presuppositionality facts.6o As things stand, there is no 
consensus yet. 
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Notes 

1 Remember that we are assuming ·(following Abney) that phrases like "the mouse" 
are DPs (detl!rminer phrases) headed by a determiner whose sister node is an NP. 
Since proper names, pronouns, and traces behave syntactically like phrases headed 
by an overt determiner, they are classified as DPs as well. Our DPs correspond to 
Montague's "term phrases" .  Our NPs correspond to Montague's "common noun 
phrases" . 

2 In this chapter, we will indulge in a lot of set talk that you should understand as a 
sloppy substitute for the function talk that we would need to use to be fully accurate. 

3 Russell wouldn't disagree here, we presume, even as he criticizes Meinong for his 
"failure of that feeling for reality which ought to be preserved even in the most 
abstract studies, "  and continues : "Logic, I should maintain, must no more admit a 
unicorn than zoology can" ( "Descriptions, "  in A. P. Martinich (ed . ) ,  The Philosophy 
of Language, 2nd edn (New York and Oxford, Oxford University Press, 1 990), 
pp. 212-18,  at p. 213 ) .  Such pronouncements can sound dogmatic out of context, 
but they don't, of course, carry the burden of Russell's argument. 

4 Once again, we pretend that VPs denote sets when they really denote the corre-
sponding characteristic functions. 

5 The Law of Contradiction states the validity of "not (p and not p ) " .  
6 The Law of Excluded Middle states the validity of cop or not p" .  
7 Noam Chomsky, "On Wh-Movement, " in  P. Culicover (ed.), Formal SYlttax (New 

York, Academic Press, 1 977), pp. 71-132. 
8 This statement would have to be qualified if we considered DPs that contain vari­

ables that are free in them. In that case, movement may affect variable binding 
relations, and thus affect truth-conditions, even if the moving phrase is of type e. 
We may safely disregard this qualification here, since it seems obvious that the DPs 
under consideration ( "at least one question" ,  "more than one policeman",  etc . )  have 
no free variables in them. 

9 Days are, of course, included among the elements of D. They are more abstract 
entities than chairs and policemen, but objects nonetheless. 

10  P. T. Geach, Logic Matters (Berkeley and Los Angeles, University of California Press, 
1972) ,  pp. 56ff. 

1 1  Recall that Pow(D),  the power set o f  D ,  i s  defined as { X  : X !;;; D J .  
1 2  Geach, Logic Matters, pp. 58f. 
13  The modern notion of  a generalized quantifier was introduced by A.  Mostowski, 

"On a Generalization of Quantifiers ,"  Fundameltta Mathematica, 44 ( 1957), pp. 12-
36.  The standard reference for linguists is J. Barwise and R. Cooper, "Generalized 
Quantifiers and Natural Language," Linguistics and Philosophy, 4 ( 1 9 8 1 ), pp. 159-
219.  

14 D .  Lewis, "General Semantics, "  in D .  Davidson and G. Harman (eds), Semantics of 
Natural Languages (Dordrecht, Reide1;'

-i972), pp. 1 69-218 .  Lewis has intensional 
denotations instead of our extensional ones, but this has little impact on the treat­
ment of quantifier phrases. Lewis's paper was first presented at the third La Jolla 
Conference on Linguistic Theory in 1969. 

15 R. Montague, Formal Philosophy, ed. R. M. Thomason (New Haven, Yale Uni­
versity Press, 1974); M. J. Cresswell, Logics and Languages (London, Methuen, 
1973 ) ;  Barwise and Cooper, " Generalized Quantifiers" ;  E. 1. Keenan and J. Stavi, 



174 Quantifiers 

"A Semantic Characterization of Natural Language Determiners,"  Linguistics and 
Philosophy, 9 ( 1986) ,  pp. 253-326. 

16  D. Westerstahl, "Quantifiers in  Formal and Natural Languages," i n  D.  Gabbay and 
F. Guenthner (eds), Handbook of Philosophical Logic, vol. 4: Topics in the Philo­
sophy of Language (Dordrecht, Reidel, 1989) ,  pp. 6f., our emphasis. 

17  W. Kneale and M. Kneale, The Development of Logic (Oxford, Clarendon Press, 
1962),  p.  349, our emphasis. 

1 8  This quote i s  from G .  Frege, "Uber Begriff und Gegenstand" ["On concept and 
object"] ,  Vierteljahresschrift fiir wissellschaftliche Philosophie, 16 ( 1 892) ;  our 
emphasis. See also Grundgesetze der Arithmetik. 

19 For any set A, IAI is the cardinality of A, i .e . ,  the number of members of A. 
20 For any set A, Pow(A) (the power set of A) is the set of all subsets of A. 
21 For any sets A and B, A x B (the Cartesian Product of A and B)  is defined as 

{<x, y> : x E A and y E B}. 
22 These definitions don't directly mention the quantifier denotation [0], but only the 

corresponding relation Ra. Given the previous section, however, it is a routine exer­
cise to translate every defilliens into equivalent conditions on Fa, fa, and [0]. 

23 Note that " irreflexive" doesn't mean "nonreflexive" .  
24 For this and the following three monotonicity properties, a number of other terms 

are also in common use. "Upward monotone" is also called "upward-entailing" or 
"monotone increasing", and "downward monotone" is called "downward-entailing" 
or "monotone decreasing" .  "Left upward monotone" is called "persistent" ,  and "left­
downward monotone" ,  "anti-persistent" .  Authors who use these terms "persistent" 
and "anti-persistent" tend to use "monotone increasing" or "upward monotone" 
in the narrower sense of "right upward monotone' (and similarly for "monotone 
decreasing" and "downward monotone" ) .  

25 Useful overview articles are Westerstahl, "Quantifiers" ;  J .  van Eijck, "Quantifica­
tion," in A. von Stechow and D. Wunderlich (eds) ,  SemantiklSemantics. An 1I1ter­
national Handbook of Contemporary Research (Berlin and New York, de Gruyter, 
1991 ) ,  pp. 459-87; E. L. Keenan, "The Semantics of Determiners,"  in S. Lappin 
(ed. ) ,  The Handbook of Contemporary Semantic Theory (Oxford, Basil Blackwell, 
1996), pp. 41-63 . E. L. Keenan and D. Westerstahl, "Generalized Quantifiers in 
Linguistics and Logic," in J. van Benthem and A. ter Meulen (eds) ,  Handbook of 
Language and Logic (Amsterdam, Elsevier, forthcoming) .  

26 Keenan and Stavi, "Semantic Characterization. "  Conservativity is Barwise and 
Cooper's live-on property. Barwise and Cooper, "Generalized Quantifiers" conjecture 
that every natural language has conservative determiners. 

27 G. Milsark, "Existential Sentences in English" (Ph.D. dissertation, MIT, 1 974);  
G. Fauconnier, "Polarity and the Scale Principle,"  in R. E.  Grossman, 1. J. San, and 
T. J. Vance (eds) ,  Proceedings of the 1 1 th Meeting of the Chicago Ling/.listic Society 
(University of Chicago, 1 975) ,  pp. 1 88-99; W. A. Ladusaw, "Polarity Sensitivity and 
Inherent Scope Relations" (Ph.D. dissertation, University of Texas, 1979). 

28 If the restrictor happens to lack a semantic value, as in every woman on the esca­
lator in South College, then of course the whole DP doesn't get one either. This is 
evidently not due to any lexical property of the dete7'lltiner (here every) .  

29 We are not talking here about " both" and "neither" when they occur as part of the 
discontinuous coordinators " both . . .  and . . .  ", "neither . . .  nor . . .  " ( as in "Both 
John and Bill left" , "Neither John nor Bill left" ) .  These are not determiners and do 
not interest us here. 
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30 Strictly speaking, the lexical entry has to define [neitherll, of course. But you know 
how to get [neither] from f •• ilher• 

31  Recall that charR i s  the characteristic function of  R .  
32 Regarding the four monotonicity concepts, there is less of a consensus about how 

to extend them to partial determiners. For instance, an alternative to the present 
definition of " left upward monotone" would be the following: 

S left upward monotone for all A, B, C : if A !';;;; B and F�(A, C) = 1, then 
<B, C> E dom(F�) and Fa(B, C) = 1 

Analogous alternative definitions may be entertained for the other three monotonicity 
properties. As you may discover in the exercise below, it is not completely evident 
which choice is preferable. 

33 The classical reference for linguists is G. Link, "The Logical Analysis of Plurals and 
Mass Terms: A Lattice-theoretic Approach," in R. Bauerle et al. (eds) ,  Meaning, Use, 
and Interp/'etation (Berlin, WaIter de Gruyter, 1983 ) ,  pp. 302-23 . Useful handbook 
articles are G. Link, "Plural, " in von Stechow and Wunderlich (eds),  Semantik, 
pp. 41 8-40, and F. Landman, "Plurality, "  in S. Lappin (ed. ) ,  Handbook, pp. 425-
57. See also R. Schwarzschild, Pluralities (Dordrecht, Kluwer Academic Publishers, 
1996),  and P. Lasersohn, Plurality, Conjunction and Events (Dordrecht, Kluwer 
Academic Publishers, 1 995) .  

34 Our primary source here is P. F. Strawson, Introduction to Logical Theory (London, 
Methuen, 1952), who in turn refers to Miller, The Structure of Aristotelian Logic. 
According to Horn, however, Aristotle's own writings are not explicit enough to 
endorse all the " laws of the traditional system" as listed by Strawson (Introduction, 
pp. 156-63),  and Aristotle's commentators have fleshed out the system in partially 
disagreeing directions. See L. Horn, A Natural History of Negatiolt (Chicago, Uni­
versity of Chicago Press, 1989) ,  esp. ch. 1, sect. 1 . 1 . 3 :  "Existential Import and the 
Square of Opposition," pp. 23-30. We do not want to get into questions of exegesis 
and history here. Strawson's proposal is interesting to us in its own right, even if 
(as Horn argues) it contradicts explicit statements by Aristotle and the majority of 
his medieval followers. 

35 Don't be confused by the fact that "the classical analysis " refers to the modern one, 
not to any of those that date from antiquity. This is the customary terminology in 
the contemporary literature. The same perspective is reflected in the labels "standard" 
or "orthodox",  which also mean the modern analysis. 

36 Strawson, Introduction, pp. 173-7. 
37 By "subject-class",  Strawson means the set denoted by the restrictor ( i .e . ,  a in the 

schemata in (2) ) .  
38  J .  D. McCawley, "A Program for Logic, " in  Davidson and Harman (eds) ,  Semantics, 

pp. 498-544; M. Diesing, "The Syntactic Roots of Semantic Partition" (Ph.D. 
dissertation, University of Massachusetts, Amherst, 1990); idem, Indefinites (Cam­
bridge, Mass ., MIT Press, 1992) .  McC�wley associates all quantifying determiners 
other than "any" with existential p�esuppositions. Diesing ( "Syntactic Roots" and 
bldefinites) connects the presuppositionality of quantifying DPs to the presence of 
a syntactically represented restrictive clause and the ability to undergo the syntactic 
operation of Quantifier Raising (see om chapters 7 and 8 for a discussion of quan­
tifier raising).  In M. Diesing and E. Jelinek, "Distributing Arguments," Natural 
Language Semalttics, 3/2 ( 1996), pp. 123-76, the connection with type theory and 
generalized quantifiers is made explicit. Combining the two works by Diesing with 
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that by Diesing and Jelinek, we conclude, then, that we are justified in ascribing to 
Diesing the view that all DPs that express generalized quantifiers are presuppositional 
in the sense under discussion here. Be this as it may, the arguments for or against 
the presuppositionality hypothesis that we are about to discuss apply directly to 
Diesing's proposals concerning the presuppositionality of quantifying DPs, even under 
the syntactic characterization of Diesing 1990 and 1992. 

39 S. Lappin and T. Reinhart, "Presuppositional Effects of Strong Determiners: A Process­
ing Account," Linguistics, 26 ( 1988 ) ,  pp. 1022-37; T. Reinhart, Interface Strategies, 
OTS Working Paper TL-95-002 (Utrecht University, 1 995) ,  ch. 4: "Topics and the 
Conceptual Interface. " 

40 McCawley, "Program for Logic. "  
41 Reinhart, Interface Strategies. 
42 Barwise and Cooper, "Generalized Quantifiers " ;  F. de Jong and H. Verkuyl, "Gen­
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7. 1 The problem of quantifiers In object position 

Almost all instances of quantifying DPs that we have looked at so far were in 
subject position. And there was a good reason for it. Compare ( la) to ( lb) :  

( 1 )  (a )  [01' every linguist] [VI' offended John] . 
(b )  John [VI' offended [01' every linguist] ] .  

( l a )  is true just in case the set o f  linguists is included in the set o f  those who 
offended John. We have seen how to arrive at the correct truth-conditions in 
a compositional way. The determiner denotation relates two sets .  The first set 
(the restrictor set) is provided by the common noun " linguist" ,  the second by 
the VP "offended John" .  But what if "every linguist" occurs in object position 
as in ( lb ) ?  Shouldn't we assume that "every" still denotes a relation between 
sets ? But then, which two sets? The restrictor set is the set of linguists, and it 
is provided by the common noun as before. The second set should be the set of 
all those who were offended by John. But this set is not denoted by any constituent 
in ( l b) .  This is, in a nutshell, the problem of quantifiers in object position. 

The dilemma becomes more dramatic if we consider sentences with multiple 
quantifier phrases: 

(2) Some publisher offended every linguist. 

(2) has two readings. On one reading, the claim is that there is at least one 
publisher who offended every linguist. The other reading is compatible with 
a situation where every linguist was offended by a possibly different publisher. 
Set theory lets us express the two readings: 

(2' ) (a) {x : x is a publisher} n {x : {y : y is a linguist} !; {z : x offended z} }  
:;e 0  

(b) {x : x is a linguist} !; 
{x : {y : y is a publisher} n {z : z offended x} :;e 0} .  
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But how can we compute such statements in a compositional way from plausible 
syntactic structures?· 

From the perspective of our 'type-theoretic framework, the problem of quan­
tifiers in object position presents itself as a type mismatch. What happens if we 
try to interpret ( l b) ,  for example ? Recall that [every] is of type « e,t>,« e,t>,t» , 
and [linguist] of tYI�e <e,t>. These combine by Functional Application (FA) to 
yield a denotation of type «e,t>,t> for the quantifier phrase. [offend] is of type 
<e,<e,t» . Unfortunately, denotations of this type do not combine with those of 
« e,t>,t>, either as function and argument or as argument and function. So FA 
yields no value for the VP, nor does any other principle apply. We are stuck. 

We mentioned in the last chapter that the relational theory of quantification 
that we have adopted here is the oldest known theory of quantification, dating 
back at least to Aristotle. The problem of quantifiers in object position is almost 
as old. Medieval scholars tried to solve it, but failed, and so did many logicians 
and mathematicians in more modern times . A solution was eventually found by 
Frege. Frege discovered the notation of quantifiers and variables, and thereby 
"resolved, for the first time in the whole history of logic, the problem which had 
foiled the most penetrating minds that had given their attention to the subject. ,, 1 

Modern linguistic theories fall into different camps, depending on their 
approach to the problem of quantifiers in object position.2 There are those who 
assume in the spirit of Frege that sentences are constructed in stages, and that 
at some stage, the argument positions of predicates might be occupied by traces 
or pronouns that are related to quantifier phrases via a syntactic relationship. 
The relationship is movement (Quantifier Lowering or Quantifier Raising) in 
Generative Semantics and in Chomsky's Extended Standard Theory and its 
offspring, and the operation of "Quantifying in" in Montague Grammar. Other 
semanticists avoid displacement of quantifier phrases, and try to interpret all 
arguments of predicates in situ. The displacement of quantifier phrases may be 
simulated in the semantics by storing their denotation in a so-called Cooper 
Store,3 or the flexibility of type theory may be used to overcome type mis­
matches. Variable-free versions of ,predicate logic (Combinatory Logic4) led to 
variable-free versions of natural language semantics, as in the work of Szabo1csi, 
Steedman, Cresswell, and Jacobson.s In what follows, we have picked an example 
of an in situ approach and a particular instantiation of a movement approach 
for further discussion and comparison. 

7.2 Repairing the type mismatch in situ 

We will now consider a way of overcoming the problem of quantifier phrases 
in object position by leaving the quantifier phrase in place. 
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7.2. 1 An example of a cCflexible types" approach 

On the "flexible types " approach,6 we try to solve the problem of quantifier 
phrases in object position by optionally changing the semantic type of the 
quantifier phrase or of the verb. We will illustrate the first possibility here. You 
are invited to try out the second on your own.7 

Let quantifier phrases be multiply ambiguous. For i-place and 2-place predi­
cates as arguments we have the following two entriesB (extending this approach 
to any n-place predicate is straightforward - see exercise below) : ,  

[everybodYt] = Af E D<c,t> . for all persons x E D, f(x) = 1 .  
[everybodY2] = Af E D<c,<e,t» . [AX E D . for all persons y E D ,  f(y) (x) = 1 ] .  
[somebodYt] = Af E D«,t> . there is some person x E D such that f(x) = 1 .  
[somebodY2] = Af E D<e,<c,t» • [AX E D . there is some person x E D such that 

f(y) (x) = 1 ] .  

For an  example, consider the phrase structure tree ( 1 ) :  

( 1 )  s 
� 

NP VP 

I � 
N V NP 

I I I 
everybody offended N 

I 
somebody 

The truth-conditions of ( 1 )  can be calculated as follows: 

[Cs everybodYt [VI' offended somebodY2m = 1 

iff 
[everybodYt] ([[vp offended somebodY2] ] )  = 1 

iff 
for all persons x, UVI' offended somebodY2]]{x) = 1 

iff 
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for all persons x, [somebodY2] ([offended] ) (x) = 1 
iff 

for all persons x, there is some person y, such that [offended] (y) (x) = 1 
iff 

for all persons x, there is some person y, such that x offended y. 

1 8 1  

This proposal implies that all English quantifier phrases are multiply ambiguous . 
They all have multiple syntactic representations. Since the ambiguity is systematic, 
it's a benign case of ambiguity. On this proposal, the syntax of English doesn't 
have to specify that, say, everybody! can only occur in subject position, and 
everybodY2 can only occur in object position. As far as the syntax goes, any 
quantifier phrase with any subscript can occur in any position. If a quantifier 
phrase appears in the wrong position, its mother node is not interpretable, and 
the structure is automatically ruled out. 

Exercise 1 

Specify the semantic ru le for nobodY2 '  and calculate the truth-conditions for 
the phrase structure tree corresponding to somebodY1 greets nobodY2. 

Exercise 2 

Design a new entry for "everybody" (everybodY3) that makes it possible to 
interpret phrase structure trees of the fol lowing kind : 

s 

� 
Ann VP 

�. 
V ",pp 

� /\ 
introduced everybody to Maria 

Up to now in this section, we have limited ourselves to quantifying DPs that 
consist of one word, like "everybody" ,  "something" .  But of course we must deal 
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with the full range of quantifying DPs of the form [Det NP] . These are not listed 
in the lexicon, so if they are ambiguous, their ambiguity must be traceable to 
a lexical ambiguity in one of their constituents . The natural place to locate this 
ambiguity is in the determiner. 

For instance, the DP "a linguist" ought to have an alternate meaning of type 
« e,et>,et>9 so that we can use it in object position in place of "somebody" in 
(2 ) .  If we keep the familiar meaning for linguist of type <e,t>, this means that 
the determiner must be of type <et,« e,et>,et» in this case. Specifically, we need 
the following entry: 

(2) [a2] = i\.f E D<e,,> . [Ag E D<c,<e,,» . 
[AX E D . for some y E D, f(y) = 1 and g(y) (x) = 1 ] ]  

Similarly for other determiners. 
If every English determiner is multiply ambiguous in this way, then we would 

obviously be missing a generalization if we simply listed each reading for each 
determiner in the lexicon. Speakers of English presumably need not learn each 
reading separately: once they know what a determiner means in a subject DP, 
they can infer its meaning in object position without further evidence. So they 
must know some general rule by which the alternate readings of an arbitrary 
determiner are predictable from its basic type <et,<et,t» meaning. In other 
words, there has to be a lexical rule like the following: 

(3 )  For every lexical item 01 with a meaning of  type <et,<et,t» , there i s  a 
(homophonous and syntactically identical) item O2 with the following 
meaning of type <et,« e,et>,<e,t» : 
[02] = Af E D<c,,> . [Ag E D<c,<c,,» . [AX E D . [OI] ( f ) (AZ E D . g(z) (x) )] ] .  

( 3 )  automatically provides an  alternate meaning for any arbitrary determiner. 
The only determiner entries we need to list individually are those of the simplest 
type <et,<et,t» . 10 

7.2.2 Excursion: flexible types for connectives 

Flexible types were first proposed not for quantifiers but for connectives like 
"and" and "or" . l 1 These seem to be able to coordinate phrases of a variety of 
different syntactic categories, with meanings of a corresponding variety of semantic 
types. For example: 

(4) [5[5 John stays at home] and [5 Mary works] ] .  

(5 )  Ann will be  [," , [,'" in  the garden] or  [..,' 011 the porch]] .  
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(6) Bill [v[v writes] and [v reads]] Portuguese. 

(7) [01' [0 1' A few books] or Lp a 10f of articles]] will be read. 

1 83  

Suppose the structure of the coordinate phrase i n  each example is as follows:l2 

( 8 )  X 

U 
Ll {and} X 

or Ll 

where X = S, PP, V, or DP 

Suppose further that and and or have their familiar meanings from propositional 
logic or, more accurately, appropriate Schonfinkelizations thereof: 

Sentence (4) ,  where X = S, is then straightforwardly interpretable. But (5 )  

and (6 )  are not, because the denotations of PP and V in these examples are 
of type <e,t> and <e,<e,t» respectively, therefore unsuitable to combine with 
[and] or [or]. 

A natural response is to posit a systematic ambiguity: There is not just 
one word "and" ,  but a family of related words and\) and2, and3, etcetera (and 
likewise for "or" ) .  The most basic members of each family, andl and orb 
are of type <t,<t,t» and have the meanings defined in (9 ) .  The next ones are 
of type <et,<et,et» ; for instance, or2 is interpreted as follows. 

( 10 )  [or2] = Af  E D<c.t> . [A-g E D<c.t> . [A-X E D . [ort] (f(x) ) (g(x) )] ] .  

This is  the homonym of "or" that we must employ in (5 )  to make the sentence 
interpretable. Try it out to verify that it predicts the appropriate truth-conditions ! 
Homonyms of yet more complicated types are needed for (6)  and (7 ) .  

Exercise 1 

Define appropriate meanings for and3 and or4 to be used in (6) and (7) . 
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Exercise 2 

What we have said here about the 2-place connectives Hand" and "or" carries 
over to some extent to the 1 -place connective negation. But the picture is 
less clear here because the word not has a much more l imited syntactic dis­
tribution. Among the following examples parallel to (4)-(7) above, only (iv) is 
grammatical . 

( i) *[s Not [s John stays at home]] . 
*Not does John stay at home. 

( i i )  ?Ann wil l be [ pp not [pp on the porch]] . 

( i i i )  *B i I I  [v not [ v  reads]] Portuguese. 

(iv) [op Not [op everyth ing]] will be read. 

The most common position for not in Engl ish is none of the above, but rather 
as in (v) . 

(v) John doesn't stay at home. 

What denotations for not do we need to interpret (iv) and (v)? 

The point of this excursion into the semantics of "and" and "or"  was to lend 
plausibility to the view that flexible types are a systematic phenomenon in 
natural language, and not just an ad hoc device we need for the treatment of 
quantifiers . 

7.3 Repairing the type mismatch by movement 

We have briefly looked at one way of assigning intuitively correct interpretations 
to VPs which contain quantificational objects. On that approach, the objects were 
left in place. We will now pursue in more depth an approach which maintains 
our original assumption that the determiner is unambiguous and can only be 
combined with two i-place predicates. Since the overt syntactic structure of 
"John offended every linguist" 
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S 
� 

John VP 

� 
offended DP 

� 
every linguist 
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does not contain two such predicates, it follows that this structure cannot be 
the input to the semantic component. Rather, this sentence must have another 
structural description under which "every" combines with two constituents each 
having a denotation of type <e,t>.  Sueh a structure can be created by moving 
the DP "every linguist" . 

To have a concrete proposal to work with, suppose here (and in the chapters 
to come) that we have a model of grammar like the inverted Y model of the 
Revised Extended Standard Theory and Government Binding Theory: 13 

DS 
I 

SS 
� 

LF PF 
semantic phonetic 

interpretation interpretation 

According to this model, semantic interpretation applies to representations on 
a level of Logical Form (LF), which is transformationally derived from S(urface) 
Structure (SS) .  The DP "every linguist" in ( 1 )  will move out of its VP and adjoin 
to 5 in the derivation from SS to LE This movement operation, then, might feed 
semantic interpretation, but not necessarily phonetic realization, and might there­
fore be invisible. Like all movement operations, it leaves a trace. So the structure 
created by this movement has at least the following ingredients : 

(2) S 
� 

DP S 
A A 

every linguist John VP 

A 
offended 1 
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What we see in (2)  is not quite enough yet to make an interpretable structure. 
Traces, on our assumptions from chapter 5, must bear an index to be interpretable. 
And since in a complete sentence every variable must be bound, the index on 
the trace has to be matched by an index on a variable binder somewhere. We 
propose that (3 ) below is a more complete and accurate representation of the 
structure created by moving "every linguist" .  

(3 ) S 

� 
DP 1 S 

A A 
every linguist John VP 

/\ 
offended t1 

The indexed trace here is straightforwardly interpreted by our Traces and Pro­
nouns Rule as a variable. The adjoined index right below the moved phrase is 
supposed to be the variable binder. This requires a slight generalization of 
our Predicate Abstraction Rule, which currently only covers variable binders of 
the form "suchj" "whj" ,  "whoj" etcetera. The fact that the rule had to mention 
particular lexical items was undesirable to begin with, since it went against the 
spirit of type-driven interpretation that does not permit composition principles 
that mention lexical items. When you look at the Predicate Abstraction Rule a 
bit more closely, however, you will notice that all it needs to see is the index on 
the relative pronouns, not their particular shapes. Let's therefore adopt the fol­
lowing revision of the Predicate Abstraction Rule, with the understanding that 
"such" and the relative pronouns are to count as semantically vacuous items. 

(4) Predicate Abstraction Rule (PA) 
Let a. be a branching node with daughters � and 1, where � dominates 
only a numerical index i. Then, for any variable assignment a, [aD" = 

xli 
Ax E D . [YD" . 

The interpretation of structure ( 3 )  is now straightforward. Inside the VP, the 
transitive V of type <e,<e,t» composes by FA with the trace of type e, yielding 
a VP meaning of type <e,t> .  This composes (again by FA) with the subject's 
meaning, here of type e, to yield a type t meaning for the lower S. Concretely, 
the interpretation obtained for this lower S-node is this: 

For any a: [ John offended tlD" = 1 iff John offended a ( l ) .  
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At the next higher node, PA applies, and yields the following meaning of  type 
<e,t>. 

� 
1 S 

� 
John VP 

= Ax E D . John offended x. 

A 
offended tl 

This is a suitable argument for the quantifying DP's meaning of type « e,t>,t>, 
so FA can apply to the top S-node, and we obtain: 

[(3 )] = 1 iff for every x such that x is a linguist, John offended x. 

We have obtained the correct result, and we have been able to derive it here 
without resorting to a type-shifted homonym of "every" .  We used exactly the 
denotation for "every linguist" that this DP has in subject position. There was 
no type mismatch at any point in the tree, thanks to the movement operation 
that applied to the object. This operation effected two crucial changes: it provided 
the transitive verb with an argument of type e, and the moved quantifier phrase 
with an argument of type <e,t> .  

So far, so good. But the structure in ( 3 )  is  not exactly what syntacticians 
imagine to be the output of movement.14 When we introduced the idea of 
moving the object in (2) ,  you probably expected a representation like (5 )  rather 
than ( 3 ) .  

(5 )  S 
� 

DP1 S 
A A 

every linguist J oh11 VP 

A 
offended tl 

The difference between (3 )  and (5) is that in (5 ) the higher index forms a 
constituent with the moved phrase, whereas in ( 3 )  it forms a constituent with 
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the moved phrase's scope (= sister ) .  Is this a substantive difference or just an 
insignificant variation of notation? 

From the point of view of semantics, the difference is clearly substantive (or 
else we wouldn't have bothered to depart from familiar custom) :  the constituency 
in (5 )  would not have been interpretable by means of our existing inventory of 
composition principles (or minor revisions thereof)Y How about from the point 
of view of syntax? There it is less obvious that it makes a real difference whether 
we assume (3 )  or (5 ) .  Certain principles that refer to co-indexing will have to 
be trivially reformulated, but otherwise, how could we possibly tell the difference? 
One apparent difference in predictions concerns the question of what happens 
when a moved phrase moves further (as in successive cyclic movement) . (5)  
leads us to expect that the whole unit including the index moves, as in (6) ,  
whereas (3 ) would seem to imply that a new binder-trace relationship is created 
(possibly marked by a new index j ":f. i ) ,  as in (7 ) .  

(6 )  y 
� 
A 

x 
.�. 

(7) y 
.�. 
/A 

.�. 

x 
.�. 

y 

/A 
. y 
J �  . .  . . .  x . . . . .  

/A 
i X 
.�. 

These surely look different, but it is harder than one might think to come up 
with empirical evidence that would bear on the choice. To our knowledge, 
the issue has not been investigated, and there are no obvious reasons why (3 )  
(and (7 ) )  wouldn't be  just as  suitable for the purposes of  syntactic theory as  (5 )  
(and (6 ) ) .  So we will assume henceforth that whenever we find representations 
like (5)  in the syntactic literature, we can simply treat them as abbreviations for 
representations like (3 ) .  



Quantification and Gl'ammar 

7.4 Excursion: quantifiers in natural language and 
predicate logic 

1 89 

The movement analysis that we just looked at makes it possible for us to 
maintain that a quantifier word such as every or some always combines with 
two 1 -place predicates to make a sentence. For instance, the sentence every cat 
is hungry is interpreted by combining the denotations of every, cat, and is 
hungry. And the denotation of the sentence Ann fed every cat is computed by 
combining the denotations of every, cat, and a predicate abstract of the form 
[i [Ann fed tj] ] .  In this respect, English quantifiers are quite unlike the quantifiers 
'if and 3 of standard predicate logic16 (henceforth PL) . The latter seem to have 
the syntax of sentence operators. For instance, a sentence like 3x [hungry(x)] is 
built by prefixing 3x to a sentence hungry(x)Y 

Thus we see two salient differences between English determiners and PL 
quantifiers. One difference concerns the types of arguments they combine with: 
English determiners combine with ( I -place) predicates, PL quantifiers with sen­
teuces. The other difference has to do with the number of arguments each needs 
in order to make a complete sentence: English determiners need two arguments, 
PL quantifiers only one. 

As we will see in this section, the first of these differences is relatively super­
ficial, and can easily be remov�d -by a minor departure from the standard syn­
tactic and semantic treatment if PL(But the second difference is more substantive, 
and points to an important property of natural languages that is not shared 
by PL. 

7.4. 1 Separating quantifiers from variable binding 

As we have mentioned, the syntax of PL is customarily set up in such a way that 
a quantified expression like 3x [hungry(x)] is built up from a sentence hungry(x) 
by adding a prefix 3x. But this is not the only possible way of doing it. One 
could equally well think of 3x [hungry(x)] as built up from the bare quantifier 
3 and an expression x [hungry(x)] . 

Customary parse: sentence 

A 
3x sentence 

A 
hungry x 
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Alternative parse : 
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sentence 

A 
3 predicate 

A 
x sentence 

A 
hungry x 

Semantically, one would then want to treat the constituent x [hungry{x)] as a 
predicate abstract: It would denote the set {x : x is hungry}. 1 8 The appropriate 
semantic rule would be analogous to our Predicate Abstraction Rule. 

This way, a bare quantifier such as 3 or V can be seen to combine with one 
predicate to form a sentence. It is thus a i -place second-order predicate. In other 
words, a bare quantifier expresses a property of sets of individuals. For example, 
3 expresses the property of being a non-empty set, and V the property of 
including all elements of Dc. Semantic rules to this effect would be as follows. 

Let a be any predicate. Then 
(i )  3a is true iff a denotes a non-empty set; 

(ii) Va is true iff a denotes D. 

This reinterpretation of the syntax and semantics of PL does not alter anything 
substantial. We still generate all the same PL sentences (except with slightly 
different structures ) ,  and they get exactly the same truth-conditions as before. 
It does, however, eliminate the first of our two differences between English 
determiners and PL quantifiers : both now take predicates rather than sentences 
as arguments. 

7.4.2 l -place and 2-place quantifiers 

There remains the difference in the number of arguments : an English quanti­
ficational determiner requires two predicates to form a complete sentence, a PL 
quantifier needs only one. This difference is actually quite an obstacle to a 
mechanical translation of English into PL, and it has a lot to do with the most 
common mistakes that people make in a beginning logic class. Let's reflect a 
little on what we do when we are asked to symbolize English sentences in PL. 

Consider two simple English sentences and their PL translations: 

( i ) (a) Some cat is gray. 
(b) 3x [cat{x) & gray(x)] 
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(2) (a) Every cat is gray. 
(b)  Vx [cat(x) -+ gray(x)J . 

1 9 1  

The transition froin ( a )  to ( b )  involves a n  evident distortion o f  syntactic structure, 
and even the insertion of new lexical items (the connectives & and -+) .  Why are 
such changes necessary? 

One way of putting the point is as follows. The PL quantifiers 3 and V don't 
really symbolize the English determiners some and every; rather, they corre­
spond to certain complete DPs of English: namely, the DPs some individual and 
every individual. 19 So when we translate English sentences into PL, we must first 
paraphrase them in such a way that all instances of some and every combine 
only with the noun individual. Combinations of the form D + noun for any 
other noun must be paraphrased away. For instance, we can get rid of some cat 
in ( la )  by paraphrasing ( la )  as ( lc) ,  and �e·· c�Jl eliminate every cat from (2a) 
by paraphrasing it as (2c) or (equivalently, (20')20) . 

( 1 )  (c) Some individual i s  [both a cat and gray] . 

(2)  (c) Every individual is [gray if a cat] . 
(c' ) Every individual is [either not a cat or gray] . 

If it weren't for the existence of paraphrases of this kind, we wouldn't be able 
to express the meanings of ( la )  and (2a) in PL at all. 

In a way it is a lucky coincidence that such paraphrases exist. It depends on 
the particular lexical meanings of some and every. The meaning of English 
some, for instance, ensures that, for two arbitrary predicates a and (3, some a 
p is equivalent to some individual [a and (3] ( and not, for example, to some 
individual [[not a] or (3] , except for certain specific choices of a and P). Like­
wise, it is a fact about the particular meaning of English every that every a p 
is always equivalent to every individual [ [not a] or (3] (but normally has very 
different truth-conditions from every individual [a and (3] ) .  

A question that suggests itself a t  this point is the following: Do all English 
determiners support systematic equivalences of this kind? More precisely, if B 
is an arbitrary determiner of English, is there going to be some way of forming 
out of two predicates a and p some complex predicate F(a, P) by means of and 
and not,21 in such a way that (for arbitrary a and P) [B a] P is equivalent to 
[B individual(s)] F(a, (3 ) ?  

I t  turns out  that the answer to this question i s  " no " .  The standard 
counterexample is the determiner most. It has been proved tllat there is no way 
to construct a predicate F(a, P) out of a and (3 by conjunction and negation so 
that most a P is always equivalent to most individuals F(a, P). We will not 
attempt to prove tllis general claim here - you will have to take our word for 
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it.22 But the following exercise should at least give you some intuitive appreci­
ation of it. 

Exercise 

Suppose we add a quantif ier M to PL and give it the fol lowing interpretation :  

M a is true iff a is true of  more i ndividuals than i t  is false of. 

(We presuppose here the alternative parse introduced in 7.4. 1 .) An appropri­
ate English g loss for Mx [F(x)] wou ld be "most individuals are F". 

Now consider the fol lowing two proposed PL symbolizations for the Engl ish 
sentence Most cats are gray. 

(i) Mx [cat(x) & gray(x)] 
( i i) Mx [cat(x) � gray(x)] 

Neither of them is right. Explain why not. For each symbolization ,  describe a 
possible state of affai rs where its truth-value deviates from the intuitive truth­
value of the Eng l ish sentence. 

What exactly is the significance of the fact that natural languages have determiners 
like most? One thing that it implies is that English most sentences cannot be 
translated into PLo This in itself, however, would not be so interesting if it could 
be traced to a mere limitation in the lexicon of PLo As it turns out, there are 
other English quantifiers that cannot be translated into PL: for instance, finitely 
many. As logicians have proved, an English statement of the form 

(3 )  [finitely many a] 13 

cannot be symbolized in PLo But in this case, the problem is not that the English 
determiner finitely many takes two arguments rather than just one. (3 )  is equi­
valent to (4) . 

(4) finitely many individuals [a and 13] 

(For instance, Finitely many natural numbers are smaller than 100 has exactly 
the same truth-conditions. as Finitely many individuals are natural numbers and 
smaller than 100. )  In this case, the problem is simply that PL has so few 
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quantifiers: namely, just 3 and 'V. This is, so to speak, a mere limitation in the 
lexicon of PL, and it could be. reli.�ved, without any change to the syntax and 
compositional semantics of PL, by adding further quantifier symbols . For example, 
we might add to 3 and 'V such symbols as -3, 3! ,  3-, and -3-, and define their 
semantics as follows: , .. - . ,  ..... " 

[ ! 
(5)  Let a be ·a!1�place predicate. Then: 

( i )  -3 a is true iff ex. denotes the empty set; 
(ii) 3!a is true iff a denotes a singleton set; 

(iii) 3" ex. is true iff a denotes an infinite set; 
(iv) -3 " a is true iff ex. denotes a finite set. 

By enriching the lexicon of PL in this way, we could make expressible such 
English statements as (3 ) . But we still couldn't express most. The problem 
with most runs deeper. It is an irreducibly 2-place quantifier, and adding more 
l -place quantifiers to PL will therefore not help. 

7.5 Choosing between quantifier movement and 
in situ interpretation: three standard 
arguments 

We began this chapter by observing a problem with quantifiers in object position. 
Given the semantic type for quantificational DPs that we had come up with in 
chapter 6, we predicted that they were interpretable only when they were sisters 
to a phrase of type <e,t>. This prediction was falsified by the distribution of 
quantificational DPs in English - or at least, it was falsified by their surface 
distribution. We presented two different responses to this problem. One response 
took for granted that the surface distribution of quantifiers essentially reflected 
their distribution at the level at which semantic interpretation takes place, and 
it consisted of positing a systematic type ambiguity in the lexical meanings of 
determiners. The other response was t�.,stick by the prediction and draw appro­
priate conclusions about the syntactiF' behavior of quantifiers . For the time being, 
the choice between them seems to be open. There is a trade-off between positing 
lexical type-shifting rules and positing movement. Pending independent motivation 
for either one or the other, the choice seems to be just a matter of taste. 

But maybe if we broaden our scope of linguistic phenomena, we will find 
that there is some independent evidence for one choice over the other? Indeed, 
this has been claimed to be the case. Specifically, it has been argued that the 
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movement approach has a decided advantage in dealing with three phenomena: 
scope ambiguity, antecedent-contained deletion, and bound-variable anaphora. 

We will present some versions of these standard arguments in this section. But 
we should note at the outset that their ultimate force is very difficult to assess. 
For one thing, proponents of the in situ approach have developed ever more 
sophisticated answers to these arguments, and the most recent theories that they 
have developed differ from the movement-based theories in so many respects at 
once that comparison becomes a very global and difficult matter. And an even 
more important difficulty is that the issue is not really an all-or-nothin� choice. 
It is entirely conceivable that there exist both quantifier movement and mechan­
isms for in situ interpretation (of nonsubject quantifiers) ,  and that the grammars 
of natural languages employ one option in some constructions and the other in 
others . In fact, the majority of scholars who have done influential work in this 
domain have (explicitly or implicitly) taken such mixed positions of one sort or 
another.23 

So we could not possibly purport here to give decisive evidence in favor of 
a pure movement approach. The best we can hope for is to give you some 
preliminary idea of what sorts of considerations are pertinent, and what price 
you have to pay for a particular decision. 

7. 5. 1 Scope ambiguity and CCinverse" scope 

If all quantifiers are interpreted in their surface positions, then a given surface 
structure with two or more quantifiers in it can receive only one reading, unless 
we admit ever more complicated types, going far beyond the flexible types 
options we have considered so far.24 Take sentence ( 1 ) :  

( 1 )  Somebody offended everybody. 

( 1 )  has two readings, not just one. It can mean that there is somebody who 
offended everybody. Or else it can mean that for everybody there is somebody 
that slhe offended. On either of the proposals for ht situ interpretation that 
we discussed above, we predict only the reading where there is somebody who 
offended everybody. 

Once we move quantifiers, however, it is trivial to derive several distinct and 
truth-conditionally non-equivalent LFs from a given SS. For instance, we can 
derive at least the LFs (3 )  and (4) from the SS of sentence (2) .  

(2) The company sent one representative to every meeting. 
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( 3 )  s 

�-
DP 

A � 
D NP 2 S 

1 I 
every meeting 

(4) S 

� 
DP . 

� �  
D NP 1 S 

1 1  � 
one representative DP VP 

/\ � 
D NP V pp 

I 1 /\ /\ 
the company V DP P DP 

I I I 1 
to 

� 
DP 

� 
D NP' 

1 1 
one representative 

� 
1 S 

� 
DP . 

A �  
D NP 2 S 

1 1  � 
every meeting DP VP 

/\ � 
D NP V pp 

1 I /\ /\ 
the company V DP P DP 

I I I I 
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If we apply our semantic rules to these two structures, they assign them distinct 
truth-conditions. We can prove this, for example, by considering the following 
state of affairs: 

(5 )  There is  exactly one company, c. 
There are exactly two representatives, 1'1 and r2• 
There are exactly three meetings, mh m2, and m3' 
c sent r1 to 111h r2 to both m2 and m3, and nobody else to anything else. 

We can show that one of the LFs above is true in this scenario and the other 
one is false. More specifically: 

(6 )  Claim 1 :  Given the facts in (5 ) ,  [(3 )D = 1 .  

Claim 2 :  Given the facts in (5 ) ,  [(4)D = o.  

Here is  a proof of claim 2: 

(i ) Work out the extension of the larger predicate abstract in (4) :25 
Let's abbreviate that predicate abstract by "a" :  
a : =  l [every meeting 2[the company sent t l  to t2l l 
Now let x E D be an arbitrary individual. Then: 
[aD (x) = 1 

iff 
[[every meeting 2[the company sent tl to tzJlD ",KII = 1 

iff 
[every meetingD ([2[the company sent tl to t2JD 1t .... ,,] ) = 1 

Hf 
for every y E {mh m2> m3 }  : [2[the company sent tt to tz]D I t .... "J (y) = 1 

iff 
for every y E {mh m2, m3 } : [the company sent tt to t2D [ ( .... X]"2  = 1 

Hf 
for every y E {mt, m2, m3} : [the company sent tt to tzD lt:�l = 1 

iff 
for every y E {mh m2, In3} : [sent tt to t2D [t:�l (c) = 1 

iff 
for every y E {mh m2, In3} : [sentD([tlD I�::!�1 ) ([t2D lt:�1 ) (c) = 1 

iff 
for every Y E (mh m2, In)} : c sent ([ttD I�::!�l ) to ([t2D I�::!�1 ) 

iff 
for every y E (mj, m2, 111) }  : c sent x to y 

iff 
c sent x to mh m2, and 1113 , 
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According to (5 ) ,  no individual x satisfies this condition, so we have 
determined: 
For no x E D : [aD(x) = 1 .  

(ii) I t  follows that there is no x E D such that [representativeD(x) = 1 and 
[aD(x) = 1 .  
According to the lexical entry of [one]26, this implies that 
[one]([representative]) ([a]) = O.  
But [one] ([representative]) ([a]) = [(4)], so we have proved our claim 2.  

Exercise 

Prove claim 1 of (6) . Annotate each step in  your proof with references to al l 
the ru les and definit ions that you are applying. 

May27 argued that the case for quantifier movement is even stronger when we 
consider not just examples like (2) ,  but also examples like (7) . 

(7) One apple in every basket is rotten. 

May's point about example (7) is that its most natural reading (perhaps even its 
only reading) cannot be generated by an in situ approach, but is straightforwardly 
predicted by quantifier movement. 

Consider what we get on the in situ analysis with flexible types: " in" has the 
same type of meaning as a transitive verb, <e,et> . So "every" must have its type 
<et,« e,et>,et» meaning here. Thus we get: 

[in every basket] = AX . for every basket y, x is in y 

We proceed to the next node up by Predicate Modification and get: / 

[apple in every basket] = AX . x is an apple and for every basket y, x is in y 

Finally we apply the meanings of "one"  and "rotten" and derive the following 
truth-condition for (7) : 

[(7)] = 1 iff 
there is at least one x E D such that x is an apple and x is in every basket and 
x is rotten. 
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This is definitely not the salient meaning of (7) .28 What (7) rather seems to mean 
is that every basket contains one rotten apple .29 By moving the quantifier phrase 
"every basket" ,  we can easily generate this meaning: 

(7' )  

DP 

A 
every basket 

Exercise 

s 

1 S 

� 
DP is rotten 

� 
D NP 
I A 

one apple pp 

/\ 
P tl 

I 
111 

Calculate the truth-conditions of (7' ) .  

7.5.2 Antecedent-contained deletion 

Another phenomenon that is a potential problem for an in situ interpretation of 
quantifier phrases is so-called Antecedent-Contained VP Deletion, illustrated by 
the following example. 

( 8 )  I read every novel that you did. 

Antecedent-Contained VP Deletion is an instance of VP deletion.30 Here are 
some more examples of VP deletion. 

(9) I read War and Peace before you did. 

( 10 )  I went to Tanglewood even though I wasn't supposed to. 
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(11 )  You may very well put this experience behind you, but you shouldn't 
think that you really have to. 

Suppose that in .the construction of those sentences, a VP is deleted in the 
derivation from SS to PE This VP, then, is not pronounced, but is available for 
semantic interpretati�n. The deletion is licensed by a preceding VP that has the 
same shape. With sentences (9 )-( 1 1 ) , it is easy to see what the licensing VP 
would be. In (9 ) ,  it's "read War and Peace" .  In ( 1 0 ) ,  it's "go to Tanglewood" ,  
and in  ( 1 1 ) , it's "put this experience behind you" .  But now go back to  ( 8 ) .  What 
has to be deleted in ( 8 )  is a VP consisting of the verb read and a trace that is 
bound by the ( index introduced by) the relative pronoun. The surface structure 
of ( 8 )  does not seem to provide an antecedent VP that looks the same. If the 
object quantifier phrase in ( 8 )  is allowed to move out, however, we obtain the 
right antecedent VP. The LF for ( 8 )  will now look at follows:3! 

( 8' )  

DP 

� 
every NP 

� 
NP CP 

IP 

I � 
novel whl C 

� 
that lP 

� 
you r 

� 
did VP 

./\ 

. 

� 
1 IP 

� 
I I 

� 
PAST VP 

/\ 

read tl 

So in examples involving Antecedent-Contained VP Deletion, we seem to need 
movement of object DPs anyway. So there are reasons to assume such movement 
is in principle available, and we might as well use it to resolve the type mismatch 
in simple sentences with quantified objects as well. An additional mechanism of 
type-shifting is, at best, redundallt. 32 
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7.5.3 Quantifiers that bind pronouns 

Consider the following sentences : 

( 12 )  Mary blamed herself. 

( 13 )  No woman blamed herself. 

( 14) Every woman blamed herself. 

Sentences ( 12)- ( 14) contain instances of reflexive pronouns. Reflexive pronouns 
are necessarily anaphoric . If a pronoun is used anaphorically, its value is deter­
mined by its antecedent. If the antecedent is a proper name, then a pronoun that 
is anaphorically related to it might simply inherit the proper name's referent as 
its semantic value. But what if the antecedent is a quantifier phrase? ( 1 3 ) is not 
synonymous with ( 1 3' ) , and ( 14) is not synonymous with ( 14' ) . Hence we don't 
seem to be able to claim that reflexives always inherit the denotation of their 
antecedent. 

( 1 3' )  No woman blamed no woman. 

( 14') Every woman blamed every woman. 

Reflexives are not the only pronouns that can be anaphorically related to quantifier 
phrases. Pronouns like he, she, it have such uses as well . This is shown by the 
following examples: 

( 1 5 )  No man noticed the snake next t o  him. 

( 1 6) We showed every woman a newspaper article with a picture of her. 

Again, it would not do to say that these pronouns simply inherit the denotations 
of their antecedents . ( 1 5 )  does not mean the same as "No man noticed the snake 
next to no man" .  

So how should we interpret these reflexives and pronouns? It seems that they 
behave as bound variables . We have successfully treated some other cases of 
bound-variable pronouns in the chapter on relative clauses . Can't we just com­
bine our treatment of pronouns from that chapter with the present treatment of 
quantifier phrases ? Let's try. 

On the quantifier movement approach, the matter is straightforward. Although 
subject quantifiers are not forced to move in order to avoid a type mismatch, 
there is no reason why they shouldn't be allowed to move. Suppose we exercise 
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this option, and also choose to co-index the pronoun with the trace left by the 
moved quantifier. This leads to the following representations. 

( 17) 

( 1 8 )  

S 

� 
DP 

A A 
every woman 1 S 

� 
DP VP 

I � 
tt V DP 

I I 
blamed herselft 

S 

� 
DP 

� 
no man 

� 
1 S 

� 
DP VP 

I �  
tt V DP 

I �  
noticed D NP 

I �  
the NP pp 

I A 'snake P DP 

I I 
next to himt 

The rules for interpreting these structures are already all in place. Look up, in 
particular, our Traces and Pronouns Rule. Although we did not have reflexive 
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pronouns in mind when we first wrote that rule, our formulation just mentions 
a "pronoun"; so it will apply equally to "herselfl " in ( 17) and "himt "  in ( 1 8 )  
- provided only that the lexicon classifies both a s  pronouns. 

Exercise 

Calculate the predicted truth-conditions for one of the structures ( 1 7) ,  ( 1 8) . 

On a pure in situ approach to quantifiers, it is less obvious how to derive the 
appropriate meanings . Suppose the pronoun is co-indexed with its antecedent, 
but that antecedent is an unmoved DP: 

( 19) s 
� 

DP1 VP 

� � 
no woman blamed herself! 

Does ( 19 )  express the correct truth-conditions ? 
The interpretation of the VP-node in ( 19 )  is straightforward. Given that 

we are interpreting "herself", as a variable, by the Traces and Pronouns Rule, 
it receives the following assignment-dependent meaning: 

For any a: [blamed herself]]" = AX . x blamed a ( 1 ) .  

But how do we continue up  to  the S-node? If we simply compose the VP 
meaning with the meaning of the D P "no woman" ,  ignoring the index on the 
lattel; we wind up with this : 

For any a: [( 19)]" = 1 iff no woman blamed a( 1 ) . 

This cannot be what we want, since it does not give us an assignment-independent 
truth-value for ( 1 9 ) .  

Somehow, we must interpret ( 1 9) in  such a way that the variable 1 gets 
bound. Where is the variable binder that does this ? The only candidate is the 
index on the DP "no woman" .  In light of our earlier discussion, let's try to think 
of ( 19)  as an abbreviation for ( 19' ) .  
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s 
� 

DP 1 VP 

A � 
no woman blamed herselft 

203 

Is this an interpretable structure ? We get without problems to the (unlabeled) 
node above VP. According to our current formulation of PA, this denotes the 
following function: 

� 
1 VP 

� 
blamed herselfl 

= Ax . [blamed herselfl]lHxl 

This turns out to be a function of type <e,<e,t» . (Exercise: Calculate this 
function, and find an English word or phrase that actually denotes it. ) So it is 
not a suitable argument for the basic type <et,t> meaning of "no woman" ,  but 
forces us to employ the alternate type « e,et>,et> . But then the whole sentence 
in ( 19' )  receives a meaning of type <e,t> instead of a truth-value! (Exercise: 
Calculate the predicted meaning of ( 1 9') ,  and find an English word or phrase 
that actually denotes it . )  

So reading ( 1 9 )  as short for ( 1 9' )  did not work in this case. What other 
options do we have? Well, one thing we can certainly do is take ( 19 )  at face 
value and introduce a new composition rule specifically for structures of this 
form. Here is a proposal that yields the correct predictions for our example: 

(20) If a has the daughters �i and y, where [�]" E D<et t> for all a, then, for any 
xli ' 

assignment a: [a]" = [�]a(AX . [yEa (x) ) 

Applying this to ( 1 9' ) , we obtain: 

[19'] = 1 

iff (by (20) )  . xli [no woman] (Ax . [blamed herselft]· (x) ) = 1 
iff (by meaning of "no woman" ) 

xli 
there is no woman y such that [AX . [blamed herselft]" (x)] (y) = 1. 
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iff (by definition of A.-notation) 
there is no woman y such that [blamed herself.1]" ,

II
(y) = 1 

iff (by meaning of VP, as calculated earlier) 
there is no woman y such that y blamed ayl1 ( l )  

iff (by definition of assignment modification) 
there is no woman y such that y blamed y. 

This works, but the addition of a new composition rule is costly, and, ceteris 
paribus, we would prefer an alternative that avoids it. Moving the quantified 
subject seems to be just such an alternative. By doing that, we were able to 
interpret the examples with bound-variable pronouns with no more, semantic 
rules than we had already motivated before. 

Exercise 

It might be suspected that the problem we have just outl ined for the in situ 
approach is real ly an artifact of an inadequate view of pronouns. Wou ldn't 
things be easier if we didn't think of "herself" as a variable in the first place? 
Then we wouldn't need to worry about getting it bound. In this exercise, you 
get to explore a non-variable semantics of reflexives which at f irst sight is quite 
attractive.33 

Maybe a reflexive is a special sort of second-order predicate, as in the 
fol lowing lexical entry : 

[herself] = A.f E D<e.<9.1» . A.X E O .  f(x) (x) 

This meaning is of type «e,et>,et>  so as to be able to take the <e,<e1» type 
meaning of a transitive verb l ike blame as its argument and yield an <et> type 
VP meaning as the value. 

(a) Show how sentence (1 3) above is interpreted on this proposal. 
(b) What does the proposal predict for the fol lowing example? 

No woman bought a book about herself. 

Draw a tree for this example; then work through it under the flexible types the­
ory that was presented above, using suitable readings for the type-ambiguous 
determiners "no" and "a". 
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type « <e,t>,t>,<e,t» . Exercise: Define a meaning of this type for the verb "offend" ,  
and show that your proposal correctly predicts the truth-conditions of  sentence ( 1 ) .  

8 The subscripts on the quantifier phrases help distinguish between homonyms of 
different semantic types. They shouldn't be confused with the indices we use for the 
interpretation of pronouns and traces. 
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9 Here and below, we sometimes leave out the innermost angled brackets and 
commas in complicated type expressions. For instance, "« e,et>,et>" abbreviates 
"« e,<e,t» ,<e,t» " .  This notational practice improves readability without intro­
ducing any ambiguity. 

10 Actually, this is  not quite right: ( 3 )  as formulated generates only variants of type 
<et,« e,et>,<e,t» , not those of even more complex types which we would need, 
e.g., in the innermost object position of a 3 -place verb like " introduce" .  It is pos­
sible, however, to formulate a more general version of (3) which recursively defines 
meanings for a whole infinite supply of alternate determiners of all the types that 
could possibly be required . If you are interested, you can consult, for instance, Mats 
Rooth's 1985 UMass Ph.D. thesis, "Association with Focus. "  

1 1  For an extensive discussion, see E .  L .  Keenan and L. Faltz, Boolean Semantics 
(Dordrecht, Reidel, 1983 ) .  

12  We assume binary branching because our system of  composition rules i s  not equipped 
to deal with ternary branching nodes. If instead we extended the system so that it 
could deal with ternary branching, this should not substantially affect the point 
about type flexibility that we are interested in at the moment. 

13 N. Chomsky, "Conditions on Rules of Grammar,"  Linguistic Analysis, 2 ( 1976) ,  
pp . 303-51 ;  idem, Lectures 011 Government and Binding (Dordrecht, Foris, 1981 ) .  
Most of  what we have to say about quantifier movement applies to  more recent 
instantiations of the movement theory as well .  Consult C.-T. J. Huang, "Logical 
Form," in G. Webelhuth (ed. ) ,  Govemment and Binding Theory and the Minimalist 
Pl'Ogram (Oxford, Basil Blackwell, 1 995), pp. 125-75. See also N. Hornstein, Logical 
Form. From GB to Minimalism (Oxford, Basil Blackwell, 1 995) .  

14 At least not in most of the syntactic literature. We are aware of one exception: 
Edwin Williams and Henk van Riemsdijk, for reasons of their own, have actually 
proposed syntactic structures more like (3 )  than like (5),  not only for QR but also 
for wh-movement. See, e.g., Edwin Williams, "A Reassignment of the Functions of 
LF, " Linguistic Inquiry, 17/2 ( 1986) ,  pp. 265-99, for an argument why "Who left? " 
should have structure (i )  instead of ( i i ) .  

(i) S' (ii) S' 

A A 
who SI what S 

/\ /\ 
tt left tt left 

15 The best we could do i f  forced to interpret (5) i s  to  add a new composition principle 
which wraps up predicate abstraction and functional application of quantifier to 
argument all in one operation. Exercise: Formulate that principle . 

16  See L .  T. F. Gamut, Logic, Language and Meaning, vol . 1 :  Introduction to Logic 
(Chicago, University of Chicago Press, 1991) ,  ch. 3, or any other logic text. 

1 7  We are using "sentence" here in the sense of what logicians call a "formula" .  
"Sentences" in  the narrower sense of  logic are only those formulas that don't con­
tain any variables free. Our non-standard terminology may not be optimal for 
the purposes of logicians, but it is more natural from a linguist'S point of view, and 
it facilitates the comparison between natural language and logic that interests us 
here. 
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18 Or, more accurately, the characteristic function of this set. As usual, we will indulge 
in set talk. 

19  Where the predicate individual is to  be  understood in  its most general sense, in 
which it is true of every element of D .  

20 The 
'
equivalence of (2c) and (2c') is a consequence of the semantics of if. As you 

recall from propositional logic, if " 'I' is equivalent to [not ,] or ",. 
21 We could also say here: "by means of and, not, or, if, and iff" . But this wouldn't 

make any differenc�, because it is known that or, if, and iff are definable in terms 
of and and not. (See Gamut, Logic, vol. 1, ch. 2, or any other introduction to 
propositional logic . )  

22 There are proofs in the literature, see, e .g . ,  J. Barwise and R. Cooper, "Generalized 
Quantifiers and Natural Language," Linguistics and Philosophy, 4 ( 198 1 ), pp. 159-
219.  

23 This includes R. Montague, in Thomason (ed. ), F01'mal Philosophy; R. Fiengo 
and 1. Higginbotham, "Opacity in NP," Li1tguistic Analysis, 7 ( 1981 ), pp. 395-421;  
C.-T. 1. Huang, "Logical Relations in Chinese and the Theory of  Grammar" (Ph.D. 
dissertation, MIT, 1 982); R. May, Logical Form: Its Structure a1td Derivatio1t (Cam­
bridge, Mass., MIT Press, 1985) ;  T. Reinhart, Interface Strategies, OTS Working 
Paper TL-95 -002 (Utrecht University, 1995) .  

24 See Hendriks, "Type Change. " Cooper stores are another option; see Cooper, 
Quantification. 

25 In some of the steps of this derivation, we have collapsed more than one rule 
application. If necessary, fill in the intermediate steps. 

In the first step of our calculation, we presuppose that [aB = [aD0• To make sense 
of this, remember that the empty set 0 is a special case of a partial function from 
IN to D, hence qualifies as an assignment in the technical sense of our definition 
from chapter 5. 0 is the (extremely partial) assignment which has no variable at all 
in its domain. It is generally the case that a tree will have a well-defined semantic 
value under the assignment 0 just in case it has the same semantic value under all 
assignments. SO "[,D " can always be replaced by "[,D0". 

26 We assume here that one has the following entry: [oneD = Af E D.o,l> . [Ag E D .. ,t> • 
there is at least one x E D such that f(x) = g(x) = 1] . 

27 R. May, "The Grammar of Quantification" (Ph.D. dissertation, MIT, 1977) . 
28 We can leave open for the moment whether it is a grammatical (though implausible) 

reading, or not even that. See ch. 8 .  
29 May dubbed this the "inversely linked" reading, because the scope relations here are 

in some sense the " inverse" of the surface hierarchy: the superficially more embedded 
quantifier has the widest scope. 

30 VP deletion will be discussed in chapter 9 .  
3 1  The account o f  Antecedent-Contained Deletion we just sketched presupposes that 

information about the presence of a suitable antecedent VP at LF is available during 
the derivation from SS to PE Apparent . "communication" between LF and PF is a 
currently much debated issue that �omes up independently in the area of focus 
interpretation and pronunciation. As for Antecedent-Contained Deletion, some 
authors assume that DPs are not truly in their VP-internal positions at PF any more. 
They have already moved up the tree, and occupy a position within a functional 
projection, See Hornstein, Logical Form, for example. 

32 This argument is originally due to Ivan Sag, De/etiolt and Logical Form, MIT 
(Ph.D. dissertation, MIT, 1 976; published by Garland, New York, 1980) ,  and 
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repeated in May, Logical Form. But see Jacobson, "Antecedent-Contained Deletion," 
for an analysis of VP deletion that does maintain the in situ interpretation of 
quantifiers. 

33 More sophisticated versions of this analysis have been extended to all pronouns (not 
just reflexives) .  Some of them are serious competitors for the quantifier movement 
solution we adopt in this book, and thus potentially invalidate the objection to 
in situ approaches we have raised here. See especially the works of Pauline Jacobson, 
cited in n. 5. 



8 Syntactic and Semantic Constraints 
on Quantifier Movement 

That quantifying DPs are (sometimes or always) interpreted in positions that 
are different from their argument positions and related to them by movement 
is an idea that has a long tradition in generative syntax. Carden1 (working in 
a framework where surface structure was transfonnationally derived from the 
input to semantic interpretation) proposed a rule of Quantifier Lowering, and 
an analogous raising rule was assumed by Chomskf to affect quantifiers in the 
derivation from Surface Structure to Logical Form. At each step in the evolution 
of syntactic theory, syntacticians have sought to describe quantifier movement 
within a general theory of movement and to deduce as many of its properties 
as possible from basic principles of syntax. An up-to-date overview and assessment 
of this enterprise would be way beyond the scope of this book. Our purpose 
here is merely to clarify some of the respects in which certain questions that 
have been asked about the syntax of quantifiers depend on assumptions about 
their semantics . 

From the perspective which we are taking in this book, we expect quantifier 
movement to be constrained from two independent directions: by interpretabil­
ity and by the laws of syntax. Ideally, we expect to find that every observation 
about where quantifiers move can be fully explained by the assumptions that 
(i) every derivation must terminate in an interpretable structure and (ii) quanti­
fier movement is subject to exactly the same syntactic laws as every other kind 
of movement. Which structures are interpretable depends, of course, on our 
semantic analysis. Specifically, it depends on our inventory of composition rules 
and lexical type-shifting rules. We will adopt as a working hypothesis the 
most restrictive theory in this regard. Our composition rules are only Functional 
Application, Predicate Modification, and Predicate Abstraction, and there are 
no type-shifting rules at all . This means that fewer potential structures will be 
interpretable than on alternative asstimptions . 

Let us consider in this light some of the questions that appear in the syntactic 
literature on quantifier movement. Many of these were discussed by May,3 in the 
first extensive study of quantifiers within a framework similar to contemporary 
transformational syntax. While May's particular answers in that work have mostly 
been revised or replaced by now, the questions themselves are still pertinent. 
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8 . 1  Which DPs may move, and which ones must? 

May posited a special rule of Quantifier Raising (QR), formulated as follows :4 

( 1 ) Adjoin Q (to 5 ) .  

"Q" stands for "quantifier" ,  so this rule explicitly targeted quantificational DPs, 
and the question of it applying to, say, a proper name or a pronoun did not even 
arise. 500n after May's writing, however, syntacticians questioned the e�stence 
of specific rules like ( 1 )  and began to explore a theory of grammar in which 
there is only a completely general rule "Move a".  From this perspective, all DPs 
should be equally movable, and if adjunction to 5 is an option for any of them, 
it should in principle be as available for those which do not contain a quanti­
ficational determiner as for those that do. So if the syntax generates a structure 
like (2), why wouldn't it also generate ( 3 ) ?  

(2) 

(3) 

5 

� 
DP 1 5 

A A 
every linguist John VP 

s 
� 

DP 1 S 

A 
offended tl 

I � 
Mary John VP 

A 
offended tl 

There is no problem with interpretability. As you can easily verify, (3 )  has well­
defined truth-conditions, equivalent to those of "John offended Mary" with 
"Mary" left in situ.  Given this equivalence, it is difficult to see how we could 
have direct empirical evidence for or against the hypothesis that DPs of type e 
can undergo all the same movements as those of type « e,t>,t>. The simplest 
assumption, then, is that they can, and this is what we will assume henceforth.s 

As regards quantificational DPs, May assumed that his rule ( 1 )  was, like 
all transformational rules, in principle optional, but that constraints on the 
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output of LF  derivations made its application effectively obligatory. One o f  the 
constraints he posited was essentially the version of the E)-Criterion that we 
discussed in section 3 .4.6 As we noted there, this E)-Criterion requires every 
function-denoting node to be sister to something that can be interpreted as its 
argument. Specifically, it requires every phrase of a type <e,t> to have a sister 
of type e. In this regard, it is stronger than our Interpretability Principle, which 
allows phrases of type <e,t> to take sisters of type e, type <e,t>/ or type <et,t> . 
In cases like (2), the E)-Criterion and Interpretability both force movement, 
because two nodes with types <e,et> and <et,t> respectively cannot be sisters 
under either constraint. But the same does not hold for all quantifiers in argu­
ment positions. We have seen that quantifying DPs in subject position are inter­
pretable in situ, and this holds more generally for whatever position realizes the 
highest (outermost) argument of a predicate. For instance, if unaccusative verbs 
like "arrive" take their only argument as an object, then there are structures in 
which quantifying DPs are straightforwardly interpretable i1t situ in object posi­
tion. The stronger E)-Criterion adopted by May, by contrast, forces all quanti­
fiers to vacate their base positions by LF, even those that are sisters to nodes of 
type <e,t> to begin with. 

It would be interesting to obtain some empirical evidence that distinguishes 
between these two predictions, but this may be difficult, perhaps even impos­
sible . Leaving a quantifier in situ never gives rise to truth-conditions which could 
not also be obtained by subjecting it to (short) movement. So the two theories 
are indistinguishable in their immediate semantic predictions . If they can be 
teased apart at all, it will require some imaginative use of indirect evidence. We 
are not aware that any arguments have been presented one way or the other, 
and we will leave the matter open.s 

Exercise 

Let a. and � be constituents with denotations of type <et,t> and type <e,t> 
respectively, and let i E IN be such that � contains no free occurrences of 
variables indexed i. Then the following two trees have the same denotation 
under every assignment. 

Prove this. 
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8.2 How much moves along? And how far 
can you move? 

The "Q" in May's QR rule was meant to stand for a feature that characterizes 
lexical items like "every", "some",  "no" ,  etcetera. As formulated in ( 1 ) , this rule 
therefore could in principle apply by moving just a quantificational determiner 
by itself, leaving the rest of the DP stranded, as in the derivation below: 

( 1 ) John fed every bird. 
=> LF: S 

� 
every 1 S 

� 
John VP 

A 
fed DP 

/\ 
tt bird 

May offered a syntactic explanation for the unavailability of this LF.9 But from 
our point of view, such an explanation is redundant, because we are not dealing 
with an interpretable structure here in the first place. The trace's type e meaning 
combines with the noun's type <e,t> meaning to yield a truth-value ( ! )  as the 
meaning of the DP " t! bird" .  This cannot be composed with the type <e,et> 
meaning of the verb, and thus the VP and all higher nodes are uninterpretable. 

Exercise 

The argument we just gave took for granted that traces are always inter­
preted as variables of type e. This is the only interpretation for traces that our 
semantics so far has made avai lable, and thus we have indeed shown that 
structure ( 1 ) is not interpretable u nder our current theory. But our current 
theory, of course, is quite pre l iminary, and it might wel l turn out that we must 
eventually revise it in some way that has the side effect of making structures 
l ike ( 1 ) interpretable after al l .  I ndeed , it has been proposed that traces can i n  
principle receive interpretations o f  any semantic type, not just e .  Motivation for 
this assumption comes from the analysis of structures in which , for example, 
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APs, predicative PPs ,  VPs ,  or Vs have been moved. 1 0 Consider the fol lowing 
topicalization structures: 

(i) l op Brahmsll, I adore lop t l 1 · 

( i i )  [ pp on the porchll l she isn't [ pp t l 1 . 

( i i i )  [AP hard-workingl1 , he is [AP t l1 . 

(iv) . . .  and [vp buy the couchl l I did [vp t l 1 .  

How can we interpret these structures? One answer might be :  not a t  al l - they 
are un interpretable, and therefore the moved phrases must be lowered back 
i nto their base positions before the semantic component applies. But another 
response wou ld be to generalize our rules for traces and abstraction so that 
they can handle these structures as they stand. Here is how we might go 
about this. Let's assume that an index is not just a number, but a pair of a 
number and a semantic type. We correspondingly need a revised defin ition of 
"assignment". 

(v) A variable assignment is a partial function a from the set of indices to the 
set of al l denotations, such that, for every <i ,'t> E dom(a) , a(i ,'t) E O •. 

The semantic ru les stay essential ly the same, except that the formulations of 
Pronouns and Traces and of Predicate Abstraction need trivial adjustments to 
fit the more compl icated notion of an index: 

(vi) If a is a trace or pronoun ,  and i and 't are a number and a type 
respectively, then , for any assignment a, Ra<, .• Ja = a(i ,'t) . 

(vi i) If a is a branching node with daughters � and 1, where � (apart from 
vacuous material) dominates only an i ndex <i,'t>, then, for any assignment 
a :  Ra]a = AX E D 

• .  R'Y]aX'<I,t> . 

(a) Show how this proposal appl ies to examples ( i)-(iv) . (Choose one of ( i i )­
(iv) to i l lustrate. )  Also show briefly that it subsumes our previous treatment 
of relative clauses and quantif ier movement structures. 

(b) What does this proposal predicyegarding the potential structure ( 1 ) that 
we considered above? 

If there is a movement operation like QR, we expect it to be subject to the very 
same locality constraints that are obeyed by other, better-known movement 
operations. Many authors have noted a close parallel between constraints on 
wh-movement and constraints on quantifier scope, for example,u The constraints 
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needed are unlikely to be derivable from Interpretability. Structures with quanti­
fiers that have been moved too far are perfectly interpretable. An unconstrained 
rule of QR would allow us to derive two distinct interpretable LFs for sentence 
(2) ,  for example, as you will find out when you do the exercise below. 

(2) Most accidents that nobody reported were minor. 

Exercise 

(a) Display both LFs for (2) . Give informal , but unambiguous paraphrases of 
the readings represented by each, and describe a situation in which their 
truth-values differ. 

(b) Do the readings predicted coincide with those that are actual ly avai lable 
for (2) ? If not, what sort of remedy is appropriate to improve the empirical 
adequacy of our theory? Think of suitable syntactic constraints you may 
be fami l iar with . 

8 . 3  What are potential landing sites for 
moving quantifiers ? 

Built into May's formulation of QR was a stipulation that quantifiers always 
adjoin to nodes of the category S. Again, we consider the question whether the 
effects of this stipulation can be reduced ( in part or in whole) to the requirement 
of Interpretability. 

Look at the following schematic representation of a structure that is derived 
by adjoining a quantifying DP ex to a node of some category X: 

( 1 )  x 

� 
ex ( type « e, t>,t» (type <e,'t» 

� 
X (type 't )  

6. 
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"'t"  stands for the type of  X here, whatever i t  may be. The node dominating 
X and the adjoined index is subject to the Predicate Abstraction Rule, which 
assigns it a meaning of type <e,'t:>Y Up to this point, the structure is interpretable 
regardless of what type 't is . (Notice that our formulation of PA places no 
condition on the type of y. )  However, at the next node up (the higher X-node) ,  
we obtain a value only if l' = t .  Any other choice for 't would make it impossible 
to apply ex. (type « �, t>,t» to its sister (type <e,'t» (and any other ways to 
compose these two nodes by our rules are unavailable to begin with) .  It follows 
thus that quantifier movement can only target adjunction sites whose semantic 
type is t . 1 3  

How does this prediction relate to May's assumption that QR can only adjoin 
to the category 5? The two are clearly not equivalent. They might coincide in 
practice, howevel; if independent factors conspire to make S (= IP) the only 
syntactic category with denotations of type t. In the majority of examples we 
have analyzed so far, this happened to be the case. 14 But we have no good reason 
to be sure it will hold up when we consider more refined syntactic analyses and/ 
or a wider range of constructions. There may well be non-5 categories with 
meanings of type t (for instance, small clauses, or VPs with internal subjects), 
and if there are, we expect quantifier movement to be able to adjoin to them. 

The assumption that QR always adjoins to 5 was never uncontroversial. 
Montague had already proposed (the equivalent of) quantifier adjunction to VP 
and NP,15 and the syntactic literature soon converged on a consensus that at 
least these two additional options were indeed needed, and probably adjunction 
to DP as well . 1 6  Let us review some of the evidence that was presented in this 
literature and assess it from our current perspective. 

8 .4 Quantifying into Vp17 

8.4. 1 Quantifiers taking narrow scope with respect to 
auxiliary negation 

One fairly straightforward argument for quantifier adjunction to VP can be 
constructed if we combine our current general assumptions with certain particular 
ones about the syntax and semantics. of negation. Concretely, let's assume that 
auxiliary negation in English occupie�; an I(nflectional)-node, at LF as well as on 
the surface. And let's furthermore assume that it has the familiar denotation of 
type <t,t>:  

( 1 )  [notD = [� =: �] 
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Such a syntax and semantics of negation imply that the VP in the LF of a 
sentence like "John didn't leave" must have a denotation of type t. A natural 
way to ensure this is to generate the subject "John" inside the VP and let it leave 
a trace there when it moves to its surface subject position: 

(2) JP 

� 
John 1 I 

� 
(did) not VP 

/\ 
tl leave 

The interpretation of (2) is straightforward ( "do",  we take it, is vacuous) .  
Consider now (3) and (4). 

(3 ) Joe didn't invite a professor. 

(4) Al didn't attend more than two meetings. 

These examples are judged to be ambiguous. ( 3 )  can either mean that Joe didn't 
invite any professor. Or else it can mean that there was some professor that he 
failed to invite. Similarly, (4) can mean that Al attended no more than two 
meetings; or else that there were more than two meetings from which he was 
absent. The second reading in each case is the one that we generate if we adjoin 
the object DP to IP: 

(4a) 

DP 2 

� 
more than two meetings 

IP 

� 
AI 1 I 

� 
(did) not VP 

A 
tl V 

/\ 
attend tl 
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To obtain the first-mentioned reading, we must adjoin instead to VP: 

(4b) IP 

� 
Al 1 I 

(did) not VP 

� 
DP 2 VP 

� � 
more than two meetings tl V 

/\ 
attend t2 
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The LF in (4b) could not have been generated with a QR rule that allows only 
adjunction to IP (= S) .  But the reading it represents is available ( in fact, even 
preferred) in sentence (4) .  If our background assumptions are correct, we there­
fore have a straightforward empirical argument for quantifier adjunction to 
VP. The most reasonable general hypothesis at this point is that quantifiers can 
adjoin freely to any syntactic category, as long as the output of the derivation 
is interpretable. 

8.4.2 Quantifying into VP, VP-internal subjects� 
and flexible types 

In our effort to show that quantifiers do sometimes adjoin to VP, we have so 
far been presupposing our working hypothesis that there are no flexible types 
(or other devices for in situ interpretation) .  We have also taken for granted that 
VPs (at least in the cases we have been looking at) contain a subject position, 
and therefore are semantically of type t. Neither of these two assumptions is 
taken for granted, however, in most of the Fterature that deals with the issue of 
possible adjunction sites for QR. This/must be borne in mind when one reads 
that literature and tries to assess the irlternal logic and the current relevance of 
its arguments. There is actually a rather intricate relation among one's answers 
on these three questions: ( i )  whether quantifiers can adjoin to VP, (ii) whether 
VPs are of type t or of type <e,t>, and (iii) whether flexible types are available. 
The three questions are logically independent of each other, but not all possible 
sets of answers to them are equally defensible. 
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In much of the early 1980s literature on the syntax of quantifier movement, 
the idea of VP-internal subjects was not even entertained, and it was implicitly 
taken for granted that VP meanings were of type <e,t>. On that assumption, how 
compelling is the putative evidence for VP adjunction that we have reviewed in 
this section? Let's look again at the case of quantifier scope below auxiliary 
negation, as in (4) .  

(4 ) Al didn't attend more than two meetings . 

Assuming (as before) that the scope of negation is fixed in some I(nflectional) 
position, what does the ambiguity of (4)  tell us about possible adjunction sites 
for QR? 

To get any interpretable LF out of (4) at all, we must now assume that "not" 
has a type-shifted meaning of type <et,et>. Then, if "more than two meetings" 
adjoins to lP, we derive the reading on which there are more than two meetings 
from which Al was absent. How about the other reading? Can we still argue 
that we need adjunction to VP to generate that reading? Let us see what adjunction 
to VP would give us here: 

(4c) IP 

� 
Al 

(did) not VP 

� 
DP 1 VP 

� /\ 
more than two meetings attend tt 

Is this even interpretable ? Yes, but only if we employ flexible types for quantifiers, 
in this case, a meaning of type « e,et>,et> for "more than two meetings" ! If we 
do that, we can calculate as follows: 

[more-than-two2 meetings l [attend ttl B 
= [more-than-two2B ( [meetingsB) ( [  1 [attend ttm 
=(1 ) AX E D . [more-than-two1B ([meetingsBHAY E D . [l [attend tlJ B (y)(X) ) 
= Ax E D . there are more than two y E D such that [meetingB (y) = 1 and 

[1 [attend ttJB(y)(x) = 1 
= AX E D . there are more than two meetings y such that [l [attend t1J B(y)(x) 

= 1 
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=[2) AX E O .  there are more than two meetings y such that [attend t1D[1 .... Y) (X) 
= 1 

: AX E O .  there are more than two "ineetings y such that [attendD {[tlD[I .... y) ) (x) 
= 1 

= AX E O .  there are more than two meetings y such that x attended y 
: AX E O . x attendee} more than two meetings 

In checking this calculation, pay attention especially to the steps marked 
by superscripts on the ":" . Step [ 1 ]  eliminates more-than-twol (of type 
« et>,« e,et>,et» ) in favor of its basic homonym more-than-two! (of type 
«et>,« et>,t» , whose lexical entry is then used in the following step) .  Step [2] 
is licensed by the Predicate Abstraction Rule, which tells us that [1 [attend t!l D0(y) 
: [attend t1Dr2JYI I . (It also exploits the fact that [a.D : [a.�r2J and that 0yll : [1 --+ y] . )  

Given the denotation we  have just calculated for the higher VP in (4e) ,  it can 
be further shown that (4c) as a whole does indeed r�present the desired reading 
of (4) (that is, that it is equivalent to (4b ) . )  But it would be premature to con­
clude from this that quantifiers must be able to adjoin to VP. Since we needed 
flexible types for the interpretation of (4c) anyway, we might as well have left 
the quantifier in situ: 

(4d) IP 

� 
AI I 

� 
(did) not VP 

� 
attend DP 

� 
more than two meetings 

(4d) is just as interpretable as (4c), and receives exactly the same truth conditions ! 
(Exercise: Show this. )  

So  i t  looks a t  this point a s  if we  cannot make a case for quantifying into VP 
unless we take a stand against flexible types, which in turn commits us to VP­
internal subjects. If we want to show that VP adjunction is needed even if we 
allow fiexible types, we must come up with more complicated examples. One 
way to do this is to bring in bound-variable pronouns . Consider the following 
variant of (4) :  

(5 )  Al didn't return every clock to its owner. 
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(5) has a reading where the direct object every clock has narrower scope than 
the negation, but at the same time is the antecedent of the bound-variable 
pronoun it. What is the LF for this reading? As we saw earlier, if the pronoun 
is to be bound, it must be inside a PA configuration and co-indexed with a trace. 
So every clock cannot have stayed in situ in this LF; rather, it must have adjoined 
to a node which is high enough to dominate both its own trace and the pronoun. 
The only such nodes in (5)  are VP, t, and IP. But since the scope of every clock 

also is narrower than that of the negation in the intended reading, it cannot 
have raised as high as I or IP. This leaves adjunction to VP as the only possibility. 
In other words, (5) has a reading that is expressed by the LF in (5 ) ,  but 'not by 
mty LP derivable without adjoining to VP. 

(5') S 
� 

DP 

I 
AI I 

/\ 
did not2 

Exercise 

VP 

� 
DP 1 VP 

/\ � 
everY2 clock V pp 

A A  
return tt to DP 

A 
itt's owner 

Another way to show that flexible types are not sufficient to do away with 
quantifying i nto VP is to construct examples with two quantifiers in the VP. 
Spell out this argument. 

In sum, then, the need for quantifier adjunction to VP can be established even 
if we remain neutral on the availability of flexible types (or other methods of 
in situ interpretation) - provided, of course, that we accept the background 
assumptions that we have made here about negation, as well as the background 
assumptions that we needed earlier to argue for quantifier movement in the first 
place. 
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8.5 Quantifying into PP, AP, and NP 

221 

In our earlier discussion of so-called inversely linked readings we considered the 
sentence " One apple in every basket is rotten" and showed how its salient 
reading could be derivli!d by adjoining the embedded quantifier "every basket" 
to IP. We noted in passing that this sentence might also have another reading, 
under which it asserted the existence of a rotten apple that is simultaneously 
inside every basket. The pragmatic oddity of this meaning makes it difficult to 
decide whether we actually want our grammar to generate it. But if we look at 
other examples with an analogous structure, it is quite clear that analogous 
readings are perfectly grammatical, and therefore we have to make sure our 
grammar predicts them. 

8.5. 1 A problem of under generation 

Consider: 

( 1 )  No student from a foreign country was admitted. 

( 1 )  is naturally understood as asserting that no student from any foreign country 
was admitted. 

Let us first convince ourselves that this is not the inversely linked reading, and 
that in fact it cannot be represented by any LP in which quantifiers only adjoin 
to S. Here is what we get if we adjoin the more embedded DP (here, "a foreign 
country" ) to IP. 1 8  

(2) 

DP 

A 
a NP 

A 
foreign country 

IP 

1 IP 

� 
DP VP 

A A 
110 NP was admitted 

A 
student pp 

A 
from tt 
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(2) is an interpretable LP, but it does not represent the meaning of ( 1 )  that we 
are interested in. For (2) to be true, there needs to be only one foreign country 
from which no students were admitted. So (2) might be true even when there 
are many students from foreign countries who were admitted. The reading of ( 1 )  
that we described above, by contrast, is false as soon as there is even one student 
who is from a foreign country and is admitted. 1 9 

Is there a better candidate than (2) for the LF of this intended reading? If only 
type t nodes are available adjunction sites for quantifier movement, there is little 
else we can do. Raising the "no" DP above the " a "  DP, as in (3 ) ,  won't help. 

(3 )  

DP 

� 
no NP 

A 
student pp 

A 
from 

JP 

2 JP 

� 
DP 1 JP 

A � 
a NP t2 VP 

A � 
foreign country was admitted 

( 3 )  violates both the prohibition against vacuous binding (the variable binder 
" 1 "  binds nothing! )  and the prohibition against un bound traces ( " tt " is free ! ) .2o 

The types all fit together fine, but the truth-conditions of ( 3 )  turn out to be 
dependent on the assignment. Calculate them, and you will see that they don't 
even bear a remote resemblance to the ones we are after. 

Exercise 1 

Prove the following two claims about (3) : 

( i )  For any assignment a, (3) is not i n  the domain of [ ]a un less the domain 
of a i ncludes 1 .  

( i i ) For any assignment a such that (3) is in  the domain of [ ]a, [(3)]B = 1 iff 
there are either no foreign countries, or no student from a(1 ) was admitted 
(or both) .  
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Exercise 2 

It may seem ·that the problems with the unbound trace and vacuous binder in  
(3) could have been avoided i f  we had allowed a d ifferent constituent struc­
ture for the subject OP of (3) : namely, [op [op no student] [pp from a foreign 
country]] instead of [ op no [NP student [pp from a foreign country]]] .  Then 
we could have aR'd the no DP above the a DP without creating unbound 
traces or vacuous binders : 

JP 

OP 2 JP  

A 
no student OP 1 IP  

� � 
a NP OP V P  

� A  � 
foreign country t2 PP was admitted 

A 
from t1 

Show that this is not a solution to our problem. 

We have seen that, once we have QR'd "a  foreign country" out of the containing 
DP "no student from t" ,  we cannot QR the latter any higher than the former. 
We can then at best QR it to adjoin to its immediately dominating lP-node, but 
that, of course, gives us no meaning distinct from leaving it in situ. 

So if we want to find an interpretable LF for ( 1 )  that's truth-conditionally 
distinct from (2) yet interpretable, it seems that we will have to avoid QR'ing 
"a  foreign country" out of its containing DP. But where could we adjoin it 
within that DP? The PP- and NP-nodes have meanings of type <e,t>, and the 
containing DP itself has a meaning of type <et,t> . So these are all excluded as 
adjunction sites by the Interpretability principle. We have thus exhausted all the 
possible LF derivations, and have not found any one suited for the natural 
reading of ( 1 )  that we described at the beginning of this section. 

This conclusion, of course, depends on our tacit assumption that we don't 
have the option of flexible types . If we do allow those, the picture changes 
completely. Then, all we. need to do to obtain the desired interpretation is to 
leave everything in situ: 
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(4) IP 

--------------
DP 

� 
no NP was 

� 
student pp 

� 
from DP 

� 
a NP 

� 

admitted 

foreign country 

Exercise 1 

Identify the type-shifted meaning for "a" that we need to interpret (4) , and show 
that the predicted meaning is the one we want. 

Exercise 2 

Huang, fol lowing Fiengo and Higginbotham (see n .  1 6) ,  proposed that the 
intended reading of ( 1 ) could be generated by adjoining the smaller DP to the 
NP containing it: 

( i )  IP  

DP VP 

� � 
no NP was admitted 

-------------
DP 

� 
a NP 

� 

. 
� 

1 NP 

� 
foreign country student pp 

A 
from t1 
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(a) Show that (i) is equivalent to (4) , provided that we use a type-shifted 
meaning for "a". ' .. 

(b) Show that adjunction of "a foreign country" to pp would yield yet an­
other LF 'with the same meaning as (4) and (i) . 

(c) Can you th ink of examples that show that OR must be al lowed to 
adjoin to pp or NP, even if flexible types (and hence in situ interpreta­
tion) are also available? (Hint: Recall what we have said about the 
analogous question regarding adjunction to VP. )  

8.5.2 PP-internal subjects 

May was aware that examples like ( 1 )  were a problem for his hypothesis that 
QR always adjoined to 5, and he proposed a solution. He hypothesized that in 
the derivation from 5 structure to the input of the semantic component, pp 
modifiers were sometimes allowed to rewrite as clausal structures. If this operation 
were applied to the pp "from a foreign country" in ( 1 ), it would turn it into 
something essentially isomorphic to the relative clause "who is from a foreign 
country" .  Now this relative clause, of course, contains an 5-node, and hence an 
adjunction site for QR. 

Exercise 

Show that sentence ( i )  has a straightforwardly interpretable LF which repre­
sents exactly the reading that we are trying to generate for ( 1 ) .  

( i) No student who is from a foreign country was admitted. 

(By "straightforwardly interpretable", we mean, of course, interpretable without 
the use of flexible types. )  

May's idea, then, was to account for the reading that ( 1 )  shares with ( i )  by 
adding enough internal structure within the DP "no student from a foreign 
country" so that it, too, would contain an internal lP-node for QR to adjoin to. 
The attractiveness of this idea does not depend on any commitment to a syntactic 
characterization of the possible landing sites for QR. We can equally appreciate 
it from Ollr present perspective, where the decisive factor is semantic interpret­
ability, and quantifiers must therefore adjoin to nodes with meanings of type t. 
From this perspective, we don't need an 5-node between the embedded and the 
containing DP; but we do need something with type t, hence something more, 
it seems, than the superficially present PP and NP, whose types are <e,t> . 
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We are reminded at this point of the assumption of VP-internal subjects that 
made it possible to have an additional site for quantifier scope without any 
syntactic structure building. It is natural to ask, then, whether it would serve our 
present purposes to posit subject positions in other categories, such as pp or NP, 
as well. Indeed, there are arguments for such covert subject positions in the 
syntactic literature.2 1 So let's explore this possibility. 

Suppose, for instance, there is a subject position within the pp headed by 
"from" in example ( 1 ) : 

(5)  DP 

� 
no NP 

� 
student pp 

� 
p 

� 
from DP 

� 
a foreign country 

What occupies this subject position? On the surface, it is evidently an empty 
category. Could it be a trace? Then something would have had to move from 
there, but it's hard to see what that would be. Let's assume, rather, that it is a 
base-generated empty category: that is, an empty pronoun usually referred to as 
"PRO " :  

(5' ) DP 

� 
no NP 

� 
student pp 

� 
PRO P 

� 
from DP 

� 
a foreign country 



Constraints on Quantifier Movement 227 

How are we going to interpret the empty pronoun? An empty pronoun pre­
sumably gets the same semantic interpretation as an overt one; in particular, it 
can be a variable. This, at any rate, would seem to be the most promising 
hypothesis for us- here; it would imply that the pp has a subject of semantic type 
e, hence that the PP's type is t, which makes it a good adjunction site for the 
quantifier "a foreign _ country" .  

So  far, so  good; but there remains a big hole in  this analysis: I f  the PRO is 
a variable, it needs a binder. The meaning of sentence ( 1 )  as a whole is clearly 
independent of a variable assignment, so its LF cannot contain any free vari­
ables . What could possibly be binding this PRO, though? It is not contained 
within a predicate abstraction configuration, and there is no obvious way to 
create one around it by performing some suitable movement. 

Here is a possible solution. Suppose that PRO is not, after all, a variable ( like 
overt pronouns) ,  but rather is semantically vacuous. Now this assumption looks 
at first like a step in the wrong direction. If PRO is vacuous, it doesn't provide 
an argument for [from], and hence the PP won't get a meaning of type t. We 
might as well have left it out altogether then, it seems. - But that's not quite 
right. There .is a difference between generating no subject position at all and 
generating one that is semantically vacuous . Such an item is still visible to the 
syntax, hence can be subjected to movement. Look what happens then: 

(6 )  DP 

� 
no NP 

� 
student PP 

/A 
PRO 1 PP 

� 
tl P 

� 
from DP 

� 
a foreign country 

(6)  is derived from (5' )  by short movement of the PRO: PRO has adjoined to 
its immediately dominating PP, leaving an indexed trace in its previous site and 
giving rise to the insertion of a co-indexed variable binder at the adjunction site. 
(This is just how movement always operates, on our assumptions. )  As a result 
of this movement, the lower PP now has a nonvacuous subject, the indexed 



228 Constraints 011 Quantifier Movement 

trace. It also has a binder for this subject. There are no unbound variables in 
(6) :  the trace has a binder, and the PRO, being semantically vacuous, is not a 
variable in need of a binder in the first place. 

Now all that we have left to do to make this structure interpretable is QR 
"a foreign country" .  The lower PP provides a suitable adjunction site, and the 
LF we thus obtain for the whole sentence ( 1 )  is (7) :  

(7) JP 

DP VP 

� � 
no NP was admitted 

� 
student PP 

� 
PRO 1 PP 

� 
DP 2 PP 

I /\ 
a foreign country t1 P 

/\ 
from t2 

We leave it to the reader to calculate the interpretation of (7), and thereby verify 
that it captures the intended reading of ( 1 )  - without committing us to flexible 
types. 

In sum, we saw how positing an underlying subject position in PP may help 
us account for the NP-internal scope readings of DPs embedded within other 
DPs, while still maintaining the smallest possible inventory of composition prin­
ciples and lexical meanings for quantifiers. This analysis did not have to stipu­
late anything apart from lexical properties of PRO: PRO was taken to be a DP 
that is visible to the syntax, but not to the semantics. Interpretability did the 
rest. Being a DP, PRO could undergo QR, just like any other DP. In order for 
the whole structure to be interpretable, PRO had to undergo QR. 

8.5.3 Subjects in all lexically headed XPs? 

Once we entertain a subject position not only in VP but also in PP, it is natural 
to do the same for the remaining categories that were traditionally analyzed as 
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1 -place predicates: namely, APs and NPs. Regarding APs, it is easy to construct 
examples analogous to our ( 1 ), except with an AP modifier instead of the pp 
modifier: 

. 

( 8 )  No student [.'" interested in more than one topic] showed up. 

( 8 )  has a natural reaqing paraphrasable as "no student who was interested in 
more than one topic showed up" .  We can generate this reading by giving the AP 
a PRO subject and then adjoining both this PRO and the quantifier "more than 
one topic" to the AP. This analysis is exactly parallel to the one we just applied 
to ( 1 ) , so we need not elaborate further. 

Are there examples which require a subject in NP?22 (9 )  looks like a case in 
point. 

(9) No owner of an espresso machine drinks tea . 

This example differs from ( 1 )  in that the PP here is presumably an argument of 
the noun, not a modifier. In other words, the "of" in (9 )  (unlike the "from" in 
( 1 ) )  is semantically vacuous, and the meaning of "owner" is of type <e,et> . 
Positing a subject in PP here would not be helpful : due to the vacuity of "of, " 
there is no chance of getting a type t meaning for the PP anyway. How, then, 
do we generate the meaning of (9 )  (paraphrasable as "no one who owns an 
espresso machine drinks tea " ) ?  A PRO subject in the NP seems the obvious 
solution. The LF then looks as in (9' ) ,  and you are invited to show that this 
means what it should. 

(9' )  IP 

DP VP 

� 6 
no NP drinks tea 

� 
PRO 1 NP 

� 
DP 2 NP 

I A 
an espresso machine tl N 

/\ 
owner PP 

/\ 
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Exercise 1 

Examples (1 ) and (8) do not real ly show that we need subjects in pp or AP 
as wel l .  

(a) Show that the re levant readings of ( 1 ) and (8) can also be accounted 
for if NPs have subjects, but PPs and APs don't . 

(b) Can you think of examples that establ ish the need for a PP- or AP­
internal subject, even if N P-i nternal subjects are also avai lable? 

Exercise 2 

Show how the assumption of empty subjects in PPs and APs helps with the 
interpretation of pronouns in  DPs of the fo l lowing kind : 

( i ) No woman in her (own) office . . . .  
( i i )  No man attentive to his (own) needs . . . .  

8 .6  Quantifying into DP 

May23 criticized his earlier analysis of inversely linked readings and proposed an 
alternative, 011 which the embedded quantifier was not adjoined to S but to the 
larger DP. For instance , instead of the LF structure (2) that he had assumed for 
the (most natural) reading of ( 1 ) ,24 he posits the one in (3 ) . 

( 1 )  One apple in  every basket i s  rotten. 

(2) IP 

� 
DP 1 

� 
every basket 

IP 

� 
DP is rotten 

A 
one NP 

A 
apple pp 

A 
111 t[ 
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JP 

OP is rotten 

� 
OP 1 OP 

A � 
every basket one NP 

A 
apple pp 

A 

23 1 

Before we turn to the reasons why May (and others) thought that ( 3 )  might be 
preferable to (2),  let us first see whether (3 )  is interpretable at all and expresses 
(as May assumes) the same truth-conditions as (2) .  

It is evident that (3) is not interpretable on the most restrictive assumptions 
that we have been trying to maintain up to now: The OP one apple in tl has 
a meaning of type <et,t>. The node above it that includes the variable binder 1,  
then, gets a meaning of type <e,<et,t» . (This follows as usual from the semantics 
of Predicate Abstraction.) This cannot combine with the standard type <et,t> 
meaning of every basket. So we need flexible types. Specifically, we need here a 
meaning for every basket that is of type « e,<et,t» , <et,t» . Let's define such 
a meaning which not only has the desired type but also gives rise to the intended 
truth-conditions for (3 ) :25 

(4) [every basketD = AJ E O<o,<or,r» . [/\'g E 0«,[> . for every basket x, f(x) (g) = 1] 

Exercise 

Apply (4) in  the interpretation of (3) and thereby convince yourself that (3) is 
equivalent to (2) . 

Having shown that (3 )  is in principle viable as an alternative to (2) ,  we turn to 
the question of whether there is any evidence for such LFs. 
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8. 6. 1 Readings that can only be represented by 
DP adjunction? 

When we argued for quantifier adjunction to VP, PP, etcetera, we based our 
arguments on the existence of readings which could not be generated without 
these adjunction options . Can we come up with analogous positive evidence 
for adjunction to DP? This is not easy. The fact that (3 )  represents an attested 
reading of ( 1 ) , for instance, shows nothing, because ( 3 )  has an equivalent 
counterpart involving only S adjunction (namely (2 ) ) .  Is it possible in principle 
to construct DP adjunction LFs that do not have such equivalent IP adjunction 
alternatives ? 

The following example provides a possible candidate:26 

(5 )  John met neither a student from every class nor a professor. 

We take it that (5 )  can mean that neither (i )  nor (ii) are true (that is, that both 
are false) :  

( i )  For every class x, John met a student from x. 
(ii) John met a professor. 

The connective neither . . .  nor here conjoins two quantificational DPs, so it 
seems to have a meaning of type « et,t>,« et,t>,<et,t» >,  as follows:27 

(6 )  [neither . . .  norI = Af E D<c[,[> . Ag E D<e<,D . Ab E D<c,[> . f(g) = f(h) = O.  

Indeed, with (6 )  and (an analog of) (4) at our disposal; we can show that the 
following LF has precisely the meaning we just described for ( 5 ) :  

(5' ) IP 

� 
DP 1 IP 

� 6  
DP neither-nor DP John met tl 

/A 6 
DP 2 DP a professor 

6 �  
every class a student from t2 

(Exercise: Prove this . )  But - and this is the point of the example - there is no 
equivalent alternative in which every class adjoins to an lP-node instead. 
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Exercise 

Show that (i) does not have the same truth-conditions as (5') . 

( i) IP 

DP 2 IP 

� � 
every class DP 1 IP 

� �  
DP neither-nor DP John met t1 

� � 
a student from t2 a professor 

8. 6.2 Indirect evidence for DP adjunction: a problem 
with free IP adjunction? 

233 

The starting point for May's reanalysis of inverse linking readings was a syntactic 
consideration: We know from the study of movement in general that extraction 
out of a subject DP leads to ungranunaticality. For instance, wh-movement as 
in (7) is impossible: 

(7) *the basket which one apple in t is rotten . . .  

It is prima facie implausible, therefore, that the essentially parallel configuration 
in (2) above should be syntactically well-formed. The assumption that it is leads 
to unattractive complications in the syntactic theory of movement, and this 
motivates us to look for an alternative representation of the meaning that (2) 
expresses. (3) is a more attractive candidate in this regard, because it does not 
involve extraction out of the subject DP, �s do (2) and (7 ) .  

This consideration by itself is  not dect�ive in favor of allowing ( 3 )  and exclud­
ing (2) .  All it does is alert us to a trade-off: if we want the simplest syntax, we 
must complicate the semantics, and vice versa. But May did not stop here. He, 
and later Larson, argued that there is empirical evidence for locality constraints 
on QR which allow a DP-internal quantifier to move only as far as the edge of 
the containing DP (hence licensing ( 3 ) but not (2) ) .28 

Consider a sentence with three quantifiers such as Larson's ( 8 ) .  
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( 8 )  Two politicians spy on someone from every city. 

( 8 )  has a number of possible readings, but Larson reports that it cannot mean 
"for every city x, there are two politicians who spy on someone from x" .  
Larson's generalization is  that sentences of this fOIm do not allow readings 
where a third, separate DP takes scope in between the two nested DPs. Here is 
a summary of possible and impossible scope orders that Larson observes:29 

(a) OK every cityx [ [someone from x]y [two politiciansz [z spies on y] ] ]  
(b) OKtwo politicians, [every cityx [someone from x]y [ [z spies on y] ] ]  
(c) .f every cityx [two politicians, [ [someone from x]y [z spies on y] ] ]  

To get an intuitive grasp o f  what the missing reading (c) amounts to, imagine 
a situation in which it would be true, but (a) and (b) false. Let there be two 
cities, LA and NY. Each has two natives, 11 and 12 for LA, n1 and n2 for NY. 
There are four politicians Ph . . .  , P4, each of whom spies on exactly one person: 
PI on 11 , P2 on 12, P3 on nh and P4 on n2• (c) is true here. (a) is false, because 
not every city ( in fact, neither) has a native on whom two politicians spy. (b) 
is false, because there aren't two politicians (in fact, not even one) who spy on 
natives of every city. 

The point about the example now is this: If a quantifier embedded inside 
another DP were allowed to move out of the containing DP and adjoin to the 
IP above it, then all three of (a)-(c) could be generated. If, on the other hand, 
such a quantifier can move at most as far as the edge of its containing DP, then 
(a) and (b) can be generated, but (c) cannot be. (Draw the relevant structures 
and calculate their meanings to convince yourself of this claim. ) 

So the unavailablity of reading (c) for ( 8 )  yields an indirect argument for 
the existence of quantifier adjunction to DP. Once we make adjunction to IP 
unavailable for DP-contained quantifiers - which is a good move if we want to 
exclude (c) - then adjunction to DP seems to be the only way to represent those 
inverse-linking readings that are grammatical . 

8. 6.3 Summary 

The argument we have just presented is sound and important, but the conclusion 
to which it has led May and Larson is nevertheless rather unattractive. Not only 
does it force us to admit type flexibility after all; it also raises - as May and 
Larson were well aware - a serious problem with bound pronouns. Consider an 
example from May's book:30 

(9 )  Someone from every city despises it. 
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( 9 )  shows that the embedded quantifier in an inverse-linking sentence can be the 
antecedent of a bound-variable pr�nou.n which is outside the containing DP. The 
intended reading of (9 )  is straightforwardly predicted if every city is allowed to 
adjoin to S:  

(9' ) IP 

� 
OP 1 IP 

6 � 
every city OP VP 

� A  
someone from tl despises it1 

But in a OP adjunction structure like (9") the pronoun is free: 

(9") IP 

-------------
OP VP 

� 6 
OP 1 OP despises it1 

6 �  
every city someone from tl 

In the response to this problem, May and Larson propose far-reaching revisions 
of the theory of pronominal anaphora. We are not prepared to discuss these at 
this point, and therefore we must withhold judgment as to whether their overall 
proposals can ultimately justify the price we have to pay for them.3! 
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tIIh-movement. See May, " Grammar of Quantification," for details. 

10 A. von Stechow, "Syntax und Semantik, " in A. von Stechow and D. Wunderlich 
(eds) ,  SemantiklSemantics. An International Handbook of Contemporary Research 
(Berlin and New York, WaIter de Gruytel; 1991 ) ,  pp. 90-148; M. Bittner, "Cross­
linguistic Semantics ,"  Linguistics and Philosophy, 17 ( 1994), pp. 53-108 ;  H. 
Rullmann, "Maximality in the Semantics of Wh-Constructions" (Ph.D. dissertation, 
University of Massachusetts, Amherst, 1995); D. Cresti, "Extraction and Recon­
struction," Natural Language Semantics, 3/1 ( 1995), pp. 79-122. 

1 1  P. Postal, " On Certain Ambiguities , " Linguistic Inquiry, 5 ( 1974) ,  pp. 367-424; 
G. Fauconniel; "Pragmatic Scales and Logical Structure," Liltguistic Inquiry, 6 (1975), 
pp . 353-76; R. Rodman, "Scope Phenomena, Movement Transformations, and Rela­
tive Clauses,"  in B. H. Partee (ed. ) , Montague GrammOl' (New York, Academic Press, 
1976),  pp. 1 65-76; May, "Grammar of Quantification" . 

12 We are not adopting the revision that was tentatively entertained in the exercise in 
section 8 .2 .  

1 3  More accurately, this restriction holds for the final landing site of a moved quanti­
fier. Intermediate landing sites are not  so constrained, for the same reason for which 
movement of DPs of type e is not. Exercise: Show that Interpretability considera­
tions place no constraints at all on the type of the adjunction site for a moved name 
or an intermediate trace of a moved quantifier. 

14 One exception ( but perhaps not an interesting one) results from our decision to treat 
the complementizers (in relative clauses) as semantically vacuous. This implies that 
C constituents have meanings of type t as well. 

1 5  See R. Montague, "The Proper Treatment of  Quantification in Ordinary English" 
( 1971 ) ,  in R. Thomason (ed.) ,  Formal Philosophy (New York, Academic Press, 1974), 
pp. 247-70. We say "the equivalent of", because Montague worked in a framework 
of syntax which did not have transformational rules in a literal sense. His syntactic 
category labels were also different: our VP corresponds to his N ( "intransitive 
verb" ) ,  and our NP to his CN ("common noun") .  

1 6  That QR needs to  be able to adjoin to VP was argued by (among others) E .  
WilIiams, "Discourse and Logical Form," Linguistic Inquiry, 8 ( 1997), pp.  101-39; 
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H. Koopman and D .  Sportiche, "Variables and the Bijection Principle," Linguistic 
Review, 2 (198213) ,  pp. 139-60; and R. May, Logical Form (Cambridge, Mass., 
MIT Press, 1985) .  For arguments in fhvor of adjunction to NP (then called N-bar) ,  
see R. Fiengo an!1 J. Higginbotham, "Opacity in NP," Linguistic Analysis, 7 ( 1981 ), 
pp. 395-421 ,  and C.-T. J. Huang, "Logical Relations in Chinese and the Theory of 
Grammar" (Ph.D. dissertation, MIT, 1982) .  

Adjunction to DP . was defended by R. May, Logical Form: Its Structure and 
Derivation (Cambridge, Mass. ,  MIT Press, 1985) ,  as well as by M. Rooth, "Associ­
ation with Focus" (Ph.D. dissertation, University of Massachusetts, Amherst, 1985) ;  
and R. Larson, " Quantifying into NP" (unpubl. MS, 1987) .  (For these authors, 
"NP" corresponds to our "DP". )  

17  The locution "quantifying into" comes from the philosophical literature, and came 
into linguistics through Montague's papers. Montague employed something more 
like a Quantifier Lowering rule in his syntactic derivations. But we use his terminol­
ogy here in an extended sense. For us, "quantifying into category X" means adjoin­
ing a quantifier to X. 

1 8  In (2) and below, we disregard the VP-internal subject position and the movement of 
the subject from there. This simplification does not affect any points in this section. 

19  Whether sentence ( 1 )  also has the reading represented by  (2 )  i s  not relevant to  our 
discussion here. If that reading is altogether absent (and not just less prominent), 
that is problematic for our overall theory. But let us set this potential problem aside 
here. What we are concerned with in this section is how to predict the other reading 
we have described, which is no doubt available. 

20 See chapter 5,  where we introduced these conditions. 
21 See, e.g., T. Stowell, "Subjects across categories," Ling�listic Review, 2 ( 1983) ,  

pp.  285-3 12. 
22 See P. Jacobson's "i-within-i Effects in a Variable-Free Semantics and a Categorial 

Syntax," in P. Dekker and M. Stokhof (eds), Proceedings of the Nittth Amsterdam 
Colloquium (Amsterdam, University of Amsterdam Institute for Logic, Language, 
and Computation, 1 994), pp. 349-68,  for an interesting study of pronoun binding 
within DP. Jacobson's evidence actually supports the view that NPs (in contrast to 
APs and PPs) do not have subjects, and therefore there might be a problem with our 
analysis of (9) .  

23 May, Logical Form, p. 69. 
24 May, " Grammar of Quantification,"  p. 63. 
25 Once we have (4), it is a routine exercise (which we leave to the reader) to define 

an appropriate meaning for the determiner every itself which combines with the 
standard meaning of basket to yield (4) .  

26 This argument does not appear in the literature, as far as we know. Only Rooth, 
"Association with Focus," and Larson, "Quantifying into NP,"  have tried to show 
that there are possible readings of English sentences which can only be generated by 
quantifying into DP, and their example.li inv�lve DPs in the object position of inten­
sional verbs like need, want, and 106k' for. Their argument relies on Montague's 
analysis for these verbs, which is beyond the scope of this book. 

27 We are distorting the syntax of neither . . .  nor here, by treating it as a unit which 
appears between the two phrases it coordinates (see LF (5') ) .  A better analysis would 
probably treat it as negation affixed to either . • .  or. These refinements shouldn't 
affect our present point. 

28 See Huang, "Logical Relations in Chinese";  May, Logical Form; J. Hobbs and 
S. Shieber, "An Algorithm for Generating Quantifier Scopings," Computational 
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Linguistics, 13 ( 1987), pp. 47-63;  and Larson, "Quantifying into NP." We present 
Larson's examples here. 

29 We are disregarding any readings on which every city takes scope intel'l1ai to the NP 
person from every city. We are also disregarding any readings on which from every 
city is an argument or modifier of the verb spy rather than a part of the some DP 
(as in I spied on him from the window).  

30 May, "Logical Form," p. 68.  
31  Huang, "Logical Relations in  Chinese, " pp. 228-35, drew from examples similar 

to ( 8 )  a very different conclusion. He hypothesized that relative scope always had 
to be disambiguated at S stmctul'e. More precisely, he claimed that if one DP 
c-commanded another at SS, it also had to c-command it at LE At first sight, this 
principle appears to be violated by the existence of wide-scope object readings in 
sentences like (i ) .  

( i )  Two politicians spy on every citizen. 

(i )  can mean that for every citizen there are two politicians who spy on him/her. 
In the LF of this reading, every citizen is not c-commanded by two politcians, but 
at SS, it apparently is. Huang explained away this apparent counterexample to his 
principle by maintaining that (i) had (at least) two different SSs, including one in 
which the DP every citizen was extra posed, i.e., right-adjoined to S. He proposed 
that this SS was the one that went with to the wide-scope object reading. 

We cannot discuss the merits of this general proposal here, but Huang's applica­
tion to examples like ( 8 )  is interesting. If nothing extraposes at SS in ( 8 ), Huang 
predicts the reading in (a) .  (Note that the some DP and the every DP do not stand 
in a c-command relation one way or the othel; so their relative scopes with respect 
to each other are unaffected by Huang's principle.) If the object of spy on extra poses 
(as in ( i ) ) ,  we get an SS in which the some DP c-commands the subject, so this forces 
reading (b) .  For (c) to be generated, we would have to extrapose the DP every city 
outside the c-command domain of the subject, without at the same time extraposing 
the containing some DP so high that it c-commands the subject. 



9 Bound · and Referential Pronouns 
and Ellipsis 

We have had a semantics for bound-variable pronouns since chapter 5, but up 
to now we have ignored the referring uses of pronouns. In this chapter, we 
introduce a treatment of referring pronouns and attend to some consequences 
of the fact that every occurrence of a pronoun gives rise to a potential bound­
free ambiguity. In particular, we will look at the interpretation of ellipsis 
constructions and show that the so-called strict-sloppy ambiguity in an elided 
phrase reduces to the ambiguity of pronouns in its antecedent. To set the stage 
for this argument, we will have to include a rudimentary sketch of a theory of 
ellipsis . 

9. 1 Referential pronouns as free variables 

9. 1 . 1  Deictic versus anaphoric� referential versus 
bound-variable pronouns 

Traditional grammar distinguishes between "deictic" and "anaphoric" uses of 
personal pronouns .! The terms are typically explained as follows: A pronoun is 
used deictically when it receives its reference from the extralinguistic utterance 
context, and it is used anaphorically when it "picks up its reference" from 
another phrase in the surrounding text. Paradigm cases of deictic uses are the 
demonstrative uses: that is, those acc0I1�panied by a pointing gesture which 
bears the main burden of fixing the re�erence. But the term also applies to cases 
where the intended referent is sufficiently salient in the utterance context even 
without the help of pointing. For instance, ( 1 )  might be uttered immediately 
after a certain man has left the room.2 

( 1 )  I a m  glad he is gone. 
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Under the right circumstances, this utterance is felicitous, and he unambiguously 
refers to the man who just left. No previous reference to the same person need 
have been made; nor need the referent be physically present and available to be 
pointed at. This too is classified as a "deictic" use. 

It is not clear, however, whether the traditional division into deictic and 
anaphoric uses has any role to play in linguistic theory. In the more recent 
tradition of formal linguistics, both generative syntacticians and philosophers of 
language have frequently advocated the view that a certain subset of the anaphoric 
uses does not differ in any theoretically relevant way from the deictic uses .J The 
idea is that anaphora may often be viewed as reference to a contextually salient 
individual as well. It seems to differ from deixis only insofar as the cause of 
the referent's salience is concerned. For instance, when the he in an utterance of 
(2) refers to Smith, this may be attributed to the fact that Smith has just been 
referred to in the previous sentence and that this has made him salient to the 
audience. 

(2) I don't think anybody here is interested in Smith's work. He should not be 
invited. 

The mechanism by which this anaphoric pronoun acquires its reference is not 
really different from the mechanism by which a typical deictic pronoun (as in 
( 1 ) )  does. Anaphoric and deictic uses seem to be special cases of the same 
phenomenon: the pronoun refers to an individual which, for whatever reason, 
is highly salient at the moment when the pronoun is processed. There are many 
possible reasons why a particular individual might have become salient. Sometimes 
it is due to an act of pointing by the speaker; at other times it is because the 
individual in question has just been mentioned (by name or description) by the 
(current or a previous) speaker; and yet other times its salience is caused by 
circumstances which were not created by the speaker's linguistic or non-linguistic 
behavior at all. 

Let us assume, then, that all deictic pronouns and also many anaphoric ones 
are interpreted by the same general strategy. In disambiguating the pronoun's 
reference, listeners assign it to the most salient individual t�at allows them to 
make sense of the utterance. This may not be the most salient individual in 
absolute terms, if that would lead to a reading for the utterance which conflicts 
with basic common sense and with the speaker's manifest beliefs and intentions. 
In such a case, the most salient individual will be passed over in favor of the 
next most salient one until a plausible overall reading is found. How this works 
exactly, and how salience interacts with various other factors, is not easy to say, 
and there is much room here for psycholinguistic research. As semanticists, we 
abstract away from the strategies of reference resolution and the conditions they 
require to succeed. We take for granted that where they do apply successfully, 
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the pronoun denotes a unique individual. In this respect, there is no difference 
between anaphora and debds. 

Can all examples of anaphoriC pronouns be subsumed under this character­
ization? No. We already know that this is not feasible, for the simple reason that 
some pronouns don't refer to an individual at all (hence, a fortiori, not to the 
most salient individu�l that contributes to a sensible overall reading) .  We have 
already seen many instances of such non1'efe1,,.;ng pronouns: for instance, in such 
that clauses (chapter 5 )  and with quantifying DPs as antecedents (chapter 7) .  An 
example of the latter sort is (3 ) ,4 on the reading that this sentence receives most 
readily when uttered in isolation. 

( 3 )  Every man put a screen in  front of  him. 

The pronoun him here doesn't refer to an individual any more than its antecedent 
every man does. Rather, it is best treated as a bound variable. In the theory we 
have developed in the last few chapters, this means that it is co-indexed with the 
QR trace of its antecedent and interpreted by the following rule (repeated from 
chapter 5) .  

(4) Pronouns and Traces Rule 
If (X is a pronoun or trace, i is an index, and g is a variable assignment 
whose domain includes i, then [(XiIg = g(i) .  

Cases like ( 3 )  conclusively show that not all anaphoric pronouns can be treated 
as referential. At least some of them are . bound variables. 

Would it be possible, on the other hand, to attempt a unification in the 
opposite direction and treat all anaphoric pronouns as bound variables? Should 
we, for example, reconsider our analysis of (2) above and attempt, instead, to 
analyze the he in (2) as a bound variable as well ? That would require us to posit 
an LF for (2) in which the DP Smith has been raised high enough to c-command 
the entire two-sentence text. We assume that such LF representations cannot be 
generated, due to general constraints on movement;$ If so, then cases of inter­
sentential anaphora must always involve co-reference rather than variable binding. 
A similar argument can be made about certain cases of intrasentential anaphora 
as well: namely, those where the antecedent is very deeply embedded. Take (5) ,  
on the reading where her is  anaphoric r6 Mary. 

(5 )  Most accidents that Mary reported were caused by her cat. 

In order to apply a bound variable analysis to this pronoun, we would have to 
raise Mary all the way from inside the relative clause to the edge of the matrix 
clause. Assuming that such movement is blocked by island constraints, we have 
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here another example in which the relevant anaphoric relation must be co­
reference rather than variable binding. We conclude, therefore, that at least 
some "anaphoric" pronouns are best analyzed as referring pronouns, just like 
the "deictic" pronouns. 

We have used the term "co-reference" in opposition to "variable binding" 
here, and we want to draw your attention to our terminological policy in this 
regard. Much of the syntactic literature uses "co-reference" in an informal sense 
that covers bound-variable anaphora along with other semantic relations . "Co­
reference" there is used much like the traditional term "anaphora" .  A broad 
descriptive term like this can be useful in order to have short labels for the 
different readings of a given sample sentence and to indicate quickly which one 
of them we are talking about. We will use "anaphora" (and also "antecedent" )  
in this way below. But when we say "co-reference" ,  we always mean i t  in a 
narrow literal sense: two expressions (or occurrences of expressions) co-refer iff 
they refer to the same individual. It follows that if two expressions co-refer, then 
each of them refers to something. A bound-variable pronoun therefore cannot 
possibly co-refer with any expression. Co-refe1·ence implies reference. We cannot 
legislate this terminology to the general linguistic community, but for the pur­
poses of working with this textbook, it is important that you adopt it too and 
maintain it consistently. Many points we will be making may othelwise be lost 
on you. 

In summary, the descriptive category of "anaphoric" uses of pronouns appears 
to fall into two semantically rather different groups: bound-variable uses and 
(co-)referring uses. The traditional taxonomy "anaphoric" versus "deictic" dis­
regards this important semantic distinction. Instead, it focuses on a subdivision 
within the class of referring uses, which seems to be more relevant to the theory 
of language use (processing) than to the theory of grammar (semantics and 
syntax) .  

9. 1 .2  Utterance contexts and variable assignments 

We have yet to say how referring pronouns are represented in our LFs and 
treated by our semantic rules. The simplest assumption we can make at this 
point is that all pronouns have the same internal syntax and semantics . They 
must all bear an index (numerical subscript) at LF to be interpretable, and they 
are all interpreted by the same rule, Traces and Pronouns. The only thing that 
distinguishes referring pronouns from bound-variable pronouns is that they hap­
pen to be free variables . In other words, the difference between referential and 
bound-variable pronouns resides in the larger surrounding LF structure, not in 
the pronouns themselves. 
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Treating referring pronouns as free variables implies a new way of looking at 
the role of variable assignments. Until now we have assumed that an LF whose 
truth-value varied from one assignme'nt to the next could ipso facto not repres­
ent a felicitous, complete utterance . We will no longer make this assumption. 
Instead, let us think of assignments as representing the contribution of the utter­
ance situation. The physical and psychological circumstances that prevail when 
an LF is processed wiil (if the utterance is felicitous) determine an assignment 
to all the free variables occurring in this LE Let's implement this formally. 

If you utter a sentence like 

(6)  She is taller than she 

then your utterance is felicitous only if the utterance situation provides values 
for the two occurrences of the pronoun "she" .  Given that referring pronouns 
bear indices at LF, (6 )  has some representation such as (7) ,  

(7) Shej is taller than she2 

and we can think of an utterance situation as fixing a certain partial function 
from indices to individuals . An appropriate utterance situation for LF (7) is one 
that fixes values for the indices 1 and 2. That is, it is appropriate for (7) only 
if the variable assignment it determines includes 1 and 2 in its domain. 

Let "c" stand for an utterance situation or " (utterance) context" (we use these 
terms interchangeably) ,  and let "gc"  stand for the variable assignment deter­
mined by c (if any) .  We can thus formulate the following appropriateness and 
truth-conditions for LFs with free pronouns. 

( 8 )  Appropriateness Condition 
A context c is appropriate for an LF <I> only if c determines a variable 
assignment ge whose domain includes every index which has a free 
occurrence6 in <1>. 

(9 )  Truth and Falsity Conditions for Utterances 
If <I> is uttered in c and c is appropriate for <1>, then the utterance of <I> in 
c is true if [<I>Dg, = 1 and false if [<I>Dg, = O. 

/�:" . 

For instance, suppose that (6 )  with LF (7) is uttered in a situation Cl which 
furnishes the assignment gel : 

[1 --7 Kim ] g = e, 2 --7 Sandy 
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Ct is appropriate for (7), and thus this is a true utterance if Kim is taller than 
Sandy, and a false utterance if she isn't. 

What about the role which gender, person, and number features of referential 
pronouns play in their interpretation? For instance, if Kim or Sandy is male, 
then the context Ct that we just defined is not intuitively appropriate for the 
use of LF (7). Since both pronouns in (7) are third person feminine singular, 
they both must refer to female individuals distinct from the speaker and the 
addressee. Can we capture this intuition as well ? 

As it turns out, we already make the correct predictions, at least as regards 
the gender features . In section 5 .5, when we briefly addressed the role of fea­
tures in constraining the possible indexings for bound pronouns, we proposed 
in passing a presuppositional account of gender features. Here is a more expli­
cit version. Suppose that features are nodes of their own, adjoined to the OP 
(at least, that the semantic composition principles treat them this way) .  For 
instance, we may have structures like: 

DP 

� 
[third person] DP 

� 
[feminine] DP 

A 
[singular] DP 

I 
shet 

The lowest OP-node is interpreted by the Pronouns and Traces rule, the higher 
ones by Functional Application. Each feature has a suitable lexical entry, for 
example: 

(10) [feminine] = A...'C : x is female . x 

So a feature denotes a partial identity function. If the OP-node above such a 
feature gets a denotation at all, it will be the same as the one of the next lower 
OP. But if the lower OP's denotation fails to have the appropriate property (for 
example, femaleness), the one above gets no value. 

Consider now what happens if, for example, the LF (7) is uttered in a con­
text C2 which maps the index 1 to a man. (That is, gc,( l )  is male . )  Although 
this context may qualify as "appropriate" for (7) in the technical sense of our 
Appropriateness Condition ( 8 )  (provided that &, also has index 2 in its domain), 
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it will not provide a referent for the complete DP that corresponds to the pro­
noun "shel " .  Instead, this DP will fail to be in the domain of [ ]g" , due to ( 10 ) .  
Therefore, the whole sentence ( 7 )  will' also not be in  the domain of  [ ]g" , and 
the utterance of (7) .in C2 is neither true nor false. In short, the result is presup­
position failure. 

On this account of gender features, it is not strictly speaking impossible to use 
a feminine pronoun to r�fer to a man. But if one does so, one thereby expresses 
the presupposition that this man is female. This is intuitively right. If the dis­
course participants mistakenly believe a male referent to be female, or if they are 
willing to pretend that they do, then indeed an occurrence of she can refer to 
a man, without any violation of principles of grammar. 

Person and number features might be treated in an analogous fashion. You 
may add appropriate lexical entries analogous to ( 1 0) .  

9.2 Co-reference or binding? 

We have seen some clear cases of referring pronouns and also some cases that 
compellingly called for a bound-variable analysis. Whenever an anaphoric pro­
noun has a quantifier as its antecedent, for instance, it cannot be referential, 
at least not on the reading which we intend when we say the pronoun is 
"anaphoric" .  Anaphoric pronouns with quantifier antecedents are the paradigm 
cases of bound-variable pronouns, but they are by no means the only instances 
of bound-variable pronouns that we find in natural language. Bound-variable 
readings for pronouns are not confined to sentences involving quantifiers. It is 
easy to see that our theory predicts them to have a much wider distribution. 
And we will argue that this prediction is welcome and supported by empirical 
evidence. 

Exercise 

The following sentence contains a pronoun (his) , but no quantifier. (Assume 
our Fregean analysis of the, on which

' 
definite DPs have type e.) 

( i )  The dog that greeted his master was fed. 

(a) Give a precise paraphrase of the presupposition and assertion that 
(i) expresses on  its most salient reading. ( Imagine an out-of-the-blue 
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utterance , with no contextual ly salient candidate for the reference of 
his.) 

(b) Show that this reading can be correctly predicted by means of a bound 
variable construal of his. 

(c) Argue that no referential analysis of his can adequately capture this 
same reading. 

As we noted in section 9 . 1 . 1 ,  many anaphoric pronouns with referring antecedents 
such as proper names are best analyzed as referring pronouns that co-refer with 
their antecedents. When the antecedent was in a separate sentence, or deeply 
embedded in an island, this co-reference analysis was virtually forced on us. But 
that still leaves many cases where anaphora to a referring antecedent can be 
analyzed as variable binding. Consider ( i ) .  

( 1 )  John hates his father.7 

Disregard any reading where his refers . to someone other than John and 
concentrate on the reading which is true iff John hates his own (John's) father. 

There is nothing that prevents us from generating the following LF for ( i ) . 

(2)  S 

/A 
DP 1 S 

I � 
John DP VP 

I �  
t1 V DP 

I A 
hates the NP 

/\ 
DP N 

I I 
he 1 father 

John has been QR'd here, and hel carries the same index as the trace of John. 
(Why not? )  So he1 is a bound variable. Applying our semantic rules, we find that 
(2) is true iff John is in the set {x E D : x hates x's father} ; that is, iff John hates 
John's father. 01; more pedantically, we observe that our Appropriateness Con­
dition is trivially satisfied for (2) by an arbitrary context (since (2)  contains no 
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free indices ), and then we apply the semantic rules and the Truth and Falsity 
Conditions for utterances to derive that any utterance of (2) is true if John hates 
John's father and false if he doesn't . .  , 

So the relevant { "anaphoric" )  reading of ( 1 )  is adequately captured by a 
bound-variable analysis of the pronoun his. 

It is just as easy, of cQurse, to generate LFs in which the pronoun is free, either 
by not QR'ing John at all (see ( 3 ) ) ,  or by giving its trace an index different from 
the pronoun's (see (4) ) .  

( 3 )  S 

(4) 

� 
OP VP 

I �  
John V OP 

I A 
hates the NP 

/\ 
OP N 

I I 
het father 

S 

� 
OP 2 S 

I � 
John OP VP 

I �  
t2 V OP 

I A 
hates the NP 

/\ '"  
OP /; N 

I I 
he l father 

In ( 3 )  and (4) ,  het is free. By the Appropriateness Condition, these LFs thus 
require an utterance context which assigns a referent to the index 1. Among 
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the candidates are contexts like Ct such that gc, = [1 � Fred] ,  or C2 such that 
gc, = [1 � Bill] , or C3 such that gCl = [1 � John] , etcetera. If it is C3 that pre­
vails when ( 3 )  or (4) is uttered - and why shouldn't it be, given that John has 
been brought to the listener's attention by the mention of his name ? - then the 
utterance will be true iff John hates John's father (as we can easily calculate) .  

So the pertinent reading of ( 1 )  can be just as adequately captured by a ref­
erential analysis of the pronoun. We have shown that LF ( 3 )  (or (4 ) )  uttered in 
context C3 has precisely the same truth and falsity conditions as LF (2) (uttered 
in any context) . 

As this example illustrates, our current theory predicts a lot of " invisible" 
ambiguity. We have what intuitively is just one reading, with certain definite 
truth-conditions, but it is generated in two distinct ways: with distinct LFs, 
distinct denotations for many of the subsentential constituents, and distinct 
appropriateness conditions for the utterance context. Both analyses are consist­
ent with our current assumptions about syntax, semantics, and pragmatics . We 
have no motivation for any particular constraint whose addition to the theory 
would render one of them unavailable. This being so, we hypothesize that both 
analyses are indeed grammatical. But it seems to be impossible in principle to 
obtain empirical confirmation for this hypothesis . All the evidence we have to 
go on are our intuitions about the truth-conditions of utterances of sentences 
like ( 1 ) .  And, as we have just seen, these intuitions are equally consistent with 
( 1 )  being ambiguous at LF between (2) and ( 3 )  and with it unambiguously 
having structure (3 ) . 8  

Or so it appears . In fact, the conclusion we have just stated has been chal­
lenged. A number of authors ( including Partee, Keenan, Lasnik, Sag, Williams, 
and Reinhart9) have argued that there is truth-conditional evidence for this 
" invisible" ambiguity, after all. But we must look beyond the truth-conditions 
of sentence ( 1 )  by itself to find it. When we consider the truth-conditions of 
larger units (complex sentences or multisentential texts) in which (1 )  is followed 
by an elliptical continuation, we will see that the ambiguity becomes manifest, 
and we will get evidence that both a bound-variable reading and a co-referential 
reading are generated by the grammar. We reproduce this line of argument in 
the remainder of the chapter. 

9.3 Pronouns in the theory of ellipsis 

9.3. 1 Background: the LF Identity Condition on ellipsis 

The most discussed construction in the semantic literature on ellipsis IS "VP 
ellipsis" ,  exemplified in ( 1 )  and (2) .  
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(1) He smokes. He shouldn't. 

(2) Lama took a nap, and Lena· did · too. 
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The second sentence in each text is missing a VP on the surface, but it is 
understood just as if there was one present ( [VI> smoke] in (1), Lp take a nap] 
in (2) ) .  Here we will talk about VP ellipsis as well as a somewhat different 
construction known as "stripping" or "bare argument ellipsis " .  The latter is 
illustrated by (3 )- (5 ) .  

( 3 )  Some people smoke, but not many. 

(4) Lama left Texas, and Lena as well. 

(5 )  Lama drank the milk last night, or  perhaps the juice. 

The main difference between the two constructions is that in bare argument 
ellipsis the auxiliary is absent as well. Apart from negation and adverbs like "as 
well " ,  merely a bare noun phrase remains . Note also that (unlike in VP ellipsis) 
the remnant phrase need not be the subject, as seen in (5) .  

We assume that in the derivation of al l  these sentences, some constituent is 
deleted on the way from SS to pp. In VP ellipsis, it's a VP, and in bare argument 
ellipsis, an S .  If bare argument ellipsis always deletes an S constituent, we must 
assume that the "remnant" argument always has been topicalized (adjoined to 
S) before the deletion. These assumptions, of course, would need to be justified 
if we were to attempt a serious syntactic analysis of the construction. 10 

Elliptical sentences are thus incomplete as sentences on the surface, but they 
nevertheless have the semantic interpretation of complete sentences. How can 
this be? A straightforward answer is that they are complete sentences at the level 
of LP. The deletion on the PF branch does not take place in the derivation from 
SS to LP. This way, the LFs can be interpreted by the familiar semantic rules and 
will wind up with run-of-the-mill sentence meanings . For instance, if Lena as 
well has essentially the same LF as the complete sentence Lena left Texas as 
well, then we don't have to say anything further about how it receives its 
interpretation. 

The deletion operation that yields elliptical sentences is evidently not allowed 
to delete arbitrary material in arbitrary environments. If it were, then the text 
in (4) would be predicted to have many readings in addition to the one we 
observe. For instance, it should be able to mean that Lama left Texas and Lena 
also moved. This reading could result from deleting moved instead of left Texas. l l 
But (4) cannot be understood in this way. We clearly judge (4) false, for in­
stance, if Lena moved only from San Antonio to Dallas. Apparently, the material 
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that is deleted in the derivation of an elliptical sentence must be identical to 
material that is present overtly in the antecedent discourse. Roughly, the explana­
tion for why the covert portion of the LF of Lena as well in (4) can be left 
Texas, but cannot be moved, has to be that the former expression, but not the 
latter, matches the overt material in the antecedent sentence Laura left Texas. 

How exactly should this identity condition be stated, and at what level does 
it apply? A main insight of work on ellipsis in the 1 970s was that the relevant 
level had to be one which was fully disambiguated with respect to interpreta­
tion.12 In our framework, this is LP. Mere identity of representations at some 
pre-LF stage of the derivation is not sufficient to license ellipsis . To appreciate 
this point, we must look at examples in which non-trivial changes occur in the 
derivation towards LP. (The ones above are too simple . )  Take a sentence in 
which LF movement has an essential disambiguating role to play, such as (6 ) .  

(6) Laura showed a drawing to every teacher. 

(6) displays a scope ambiguity and can mean either that there was a drawing 
that Laura showed to every teacher, or else that for every teacher there was a 
drawing that Laura showed her. The two readings have distinct LFs, but the 
same structure at ss. Now examine your intuitions about possible meanings for 
the text in (7), in which (6) is followed by an elliptical sentence. 

(7) Laura showed a drawing to every teacher, but Lena didn't. 

The elliptical conjunct "Lena didn't" here can be understood to say that there 
wasn't any drawing that Lena showed to every teacher - but only if the preceding 
sentence is understood analogously: namely, as saying that there was a drawing 
that Laura showed to every teacher. Alternatively, "Lena didn't" can mean that 
not for every teacher was there a drawing that Lena showed her - but only 
when the preceding sentence means that for every teacher there was a drawing 
that Laura showed her. It is not possible to read the first conjunct with one 
scope order, and the elliptical sentence with the reverse one. This is readily 
explained if the elided material has to have the same LF as its antecedent, but 
it would not automatically follow if they merely needed to look alike at some 
pre-LF stage in the derivation, say ss. 

We thus adopt the following general condition on ellipsis: 

( 8 )  LF Identity Condition on Ellipsis 
A constituent may be deleted at PF only if it is a copy of another constituent 
at LP. 

Before we return to the topic of pronouns, here are a few sample derivations . 
The first one involves VP ellipsis, the second one bare argument ellipsis with an 
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object remnant. The constituent to be deleted at PF is  always the one that is 
boxed. 

(9 )  SS: s 

S but s 

� � 
Laura I Lena I 

� 
PAST VP 

A 
leave Texas 

didn't VP 

A 
leave Texas 

In the derivation to LF, everything can stay the same in this case. The VP in the 
first conjunct is a copy of the deleted VP in the second conjunct, and thus it 
serves to fulfill the LF Identity Condition. 

The case of bare argument ellipsis is slightly more complicated. In the SS, the 
remnant has already been fronted. 

( 1 0 ) SS for (5 ) :  5 

S or perhaps 

� 
Laura drank the milk the juice 

s 

1 S 

� 
Laura drank tl 

In deriving the LF, we may now QR the milk, leaving a trace also indexed 1 .  

( 1 1 )  S 

S or perhaps 

� if 

the milk 1 S the juice 

� 
Laura drank 

S 

1 S 

� 
Laura drank tl 

Now we have an LF-identical antecedent for the deleted S-node. 
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9.3.2 Referential pronouns and ellipsis 

What happens when the antecedents of elided phrases contain pronouns? Let us 
begin with examples of pronouns which are clearly referential. For instance, 
( 12 )  has a natural reading on which it means that Philipp went to Roman's 
office. 

( 12 )  (On Roman's birthday), Philipp went to his office. 

Imagine that an utterance of ( 12) ,  with the reading just described, is continued 
as follows. 

( 1 3 )  (On Roman's birthday), Philipp went to his office. Marcel didn't. 

What can the continuation mean? The fact is that, given that we have understood 
the first sentence to mean that Philipp went to Roman's office, we must understand 
the second one to mean that Marcel didn't go to Roman's office. It cannot then 
mean that Marcel didn't go to Philipp's office, or didn't go to Felix's office, or 
didn't go to Marcel's office. However salient one of these other individuals may 
be, the only choice for the referent of the elided copy of his is Roman, the 
referent of the overt copy of his. 

We would like our theory of ellipsis to make this prediction. Let us see what 
it predicts as it stands . On the reading we have specified for the first half of ( 13 )  
(== ( 12 ) ) ,  its LF must contain a free pronoun. Let's say i t  looks a s  in  ( 14),  and 
the utterance context c is such that gA l )  == Roman. 

(14 )  S 

� 
Philipp I 

� 
I VP 

I � 
PAST go to his ! office 

Given this first half, what options do we have for the LF of the whole text? The 
LF Identity Condition requires that the deleted VP in the second part be a copy 
of the antecedent VP. So this has to be go to his ! office as well, and not, for 
instance, go to his2 office. We predict that ( 15 )  is a grammatical LF for ( 13 ) , but 
( 16 )  an ungrammatical one. 
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(16) " 
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S 

� 
Philipp I 

� 
I VP 

I � 
PAST go to hisl office 

S 

� 
Philipp I 

� 
I VP 

I � 
PAST go to hisl office 

S 

� 
Marcel I 

I VP 

I � 
didn't go to his! office 

S 

� 
Marcel I 

I VP 

I � 
didn't go to hisl office 
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In the grammatical LF ( 15 ) ,  the two occurrences of hisl cannot fail to co-refer. 
Given our context c, the second S in ( 15 )  is true iff Marcel didn't go to Roman's 
office. The ungrammaticalLF ( 1 6), on the other hand, could express one of the 
undesirable readings we seek to exclude. For example, if c happened to be such 
that gc(2) = Felix, then the second S in ( 1 6) as uttered in c would be true iff 
Marcel didn't go to Felix's office. It is a good thing, then, that the LF Identity 
Condition excludes ( 1 6) .  

Unfortunately, however, there i s  another possible LF  which we  do not yet 
exclude and which also expresses one of the unavailable readings. Suppose we 
had chosen to QR Marcel and to give its trace the index 1, as in ( 17) .  

(17) S 

� 
Philipp I 

� 
I VP 

I � 
PAST go to hisl office 

S 

� 
Marcel 1 S 

A 
tl I 

I 

I 
VP 

� 
didn't go to hisl office 
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No principle that we know of excludes this LF, and in particular, it does not 
violate our LF Identity Condition. But look at its interpretation. Given our 
context c, the first part still says that Philipp went to Roman's office, but the 
second part says that Marcel didn't go to Mm'eel's office. If this LF is generated 
for our text in ( 13 ) ,  we are in trouble. 

To close this " loophole," we need to tighten up the theory somehow. How 
exactly this should be done has been a matter of considerable debate in the 
literature on ellipsis. 13 For our purposes in this book, a very preliminary remedy 
will have to do. What appears to be causing the trouble in ( 1 7) is that we have 
a free pronoun in the first sentence but a bound-variable pronoun in the anal­
ogous place in the second sentence. Perhaps we should rewrite the LF Identity 
Condition in such a way that it is sensitive to this difference, even though it is 
not a difference that can be detected by merely looking inside the LF repre­
sentations of the deleted phrase and its putative antecedent. Another option is 
to leave the LF Identity Condition as it stands, but add a general prohibition 
against LFs in which a given index has both bound and free occurrences. We 
might as well choose the second option here. 

( 1 8 )  No LF representation (for a sentence o r  multisentential text) must contain 
both bound occurrences and free occurrences of the same index. 

Given ( 1 8 ) ,  LFs like ( 17) are simply not generated, whether the derivation 
involves PF deletion or not; (Note that the adoption of ( 1 8 )  makes no difference 
to anything other than our predictions about ellipsis. The reason for this is that 
every LF prohibited by ( 1 8 )  has "notational variants,, (4 that are semantically 
equivalent with it, as well as indistinguishable from it in all respects relevant to 
syntactic principles other than the identity condition on ellipsis. )  

With ( 17) as  a source of  unwanted readings out of  the way, our LF Identity 
Condition predicts just what we were aiming for. Whenever the first sentence in 
an utterance of ( 1 3 )  means that Philipp went to Roman's office, the elliptical 
second sentence can only mean that Marcel didn't go to Roman's office. More 
generally, we predict that whenever a pronoun in the antecedent phrase refers 
to an individual x, then that pronoun's counterpart in the deleted phrase must 
refer to x as well. Referential pronouns keep their reference under ellipsis. This 
law follows from our current theory. 

9.3.3 The CCsloppy identity�� puzzle and its solution 

Against the background of the law we just deduced, the phenomenon of so­
called sloppy identity readings can look very puzzling. Consider ( 1 3 )  once more. 
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( 1 3 )  (On Roman's birthday), Philipp went to his office. Marcel didn't. 
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In the previous section, you were instructed to read the first sentence as "Philipp 
went to Roman's office" ,  and we did not consider other interpretations. But, of 
course, it is also possible to read this first sentence as claiming that Philipp went 
to his own (Philipp's) �ffice, for instance. In this case, what are the possible 
readings for the continuation "Marcel didn't" ? Clearly, it is possible then to 
understand "Marcel didn't" as claiming that Marcel didn't go to his own 
(Marcel's)  office. (This is even the most salient reading. ) The text ( 1 3 )  as a 
whole can mean that Philipp went to Philipp's office and Marcel didn't go to 
Marcel's office (the so-called sloppy reading) .  Doesn't this constitute a blatant 
counterexample to the law we have just seen? If the antecedent VP means "go 
to Philipp's office" ,  how can the deleted VP mean "go to Mm'eel's office" and 
yet have an identical LF? When the antecedent VP meant "go to Roman's 
office" ,  the deleted VP had to mean "go to Roman's office" ,  No "sloppy" 
alternative was available then. But when the antecedent VP means "go to Philipp's 
office",  the deleted VP doesn't necessarily mean "go to Philipp's office" !  Why 
this difference between Roman and Philipp? 1 5  

The puzzle persists only as long as we take i t  for granted that the overt 
pronoun has to be referential. 16 It is certainly tempting to think that whenever 
Philipp went to his office has the truth-conditions of "Philipp went to Philipp's 
office" ,  it must be because his refers to Philipp: But we ought to know better. 
As we saw earlier in this chapter, the truth-conditions of "Philipp went to 
Philipp's office" can also come about in an entirely different way: namely, by 
interpreting his as a bound-variable pronoun. Let us examine this alternative 
possibility and how it affects the predictions of the LF Identity Condition. 

Here is an LF for the text ( 1 3 )  in which the overt as well as the deleted 
occurrence of the pronoun have been construed as bound variables. In both 
sentences, the subjects were QR'd, and the same indices were chosen for their 
traces. 

( 19 )  s 
/A 

Philipp 1 S 

A 
t! r 

� 
I VP 

I A 
PAST go to his ! office 

S 

/'A 
Marcel 1 S 

A 
tl r 

I 

I 
VP 

� 
didn't go to his1 office 
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The LF in ( 19 )  expresses precisely the so-called sloppy reading of the text in 
( 1 3 ) .  As we can easily calculate by our semantic rules, both trees in ( 19 )  are true 
iff Philipp went to Philipp's office and Marcel didn't go to Marcel's office. ( 19 )  
also meets the LF Identity Condition on  ellipsis, since the two VPs are identical. 
And it is not in violation of stipulation ( 1 8 ) ,  since all occurrences of index 1 are 
bound in the overall representation. ( 19 ) ,  then, shows that the "sloppy" identity 
reading is not, after all, a counterexample to our theory. It only seemed to be 
a counterexample when we reasoned on the basis of the prejudice that the 
pronouns here were all referring. 

We have solved the sloppy identity puzzle and vindicated our assumptions 
about ellipsis. In doing so, we have found an indirect, yet compelling, argument 
for the coexistence of bound-variable readings and referential readings in ana­
phoric pronouns with referring antecedents . This is the argument which we 
announced at the end of section 9.2, where it had seemed at first as if the 
bound-variable reading could not possibly be told apart from a co-referential 
reading. 

There is more to be done in order to establish these conclusions firmly. Ideally, 
we would like to see that our assumptions about pronouns and our assumptions 
about ellipsis conspire to yield exactly the right predictions about the distribu­
tion of strict and sloppy readings in all sorts of examples. As a first small step 
in this direction, let's make sure that our simple text ( 13 )  receives all and only 
the readings that it intuitively allows. We have just seen how the "sloppy" 
reading is accounted for, and we already saw in section 9.3.2 how to generate 
a "strict" reading. By a "strict" reading, we mean any reading with truth­
conditions of the form "Philipp went to x's office, and Marcel didn't go to x's 
office" ,  for some given person x. x may be Philipp, or Marcel, or a third person 
such as Roman. The LF in ( 15 )  above can represent any one of these readings, 
given an appropriate utterance context which maps the free index shared by 
both pronouns to the relevant person x. This is as it should be, since all such 
strict readings are available. The harder job is to show that we generate no 
unwanted sloppy readings: that is, no truth-conditions of the form "Philipp 
went to x's office and Marcel didn't go to y's office" ,  where x '* y, except in the 
one case where x = Philipp and y = Marcel .  

We reason as follows . Assume there are x '* y such that a given utterance of 
( 13 )  has the truth-conditions of "Philipp went to x's office and Marcel didn't go 
to y's office" .  Now suppose, first, that x '* Philipp. Then the meaning "Philipp 
went to x's office" for the first conjunct cannot have come about through a 
bound-variable construal of his, but must be due to a referential construal. 
Hence the overt pronoun in the antecedent must be a free variable, and, by ( 8 )  
and ( 1 8 ), its counterpart in  the deleted predicate must be  another free variable 
with the same index. Then, both pronouns refer to x, and the second conjunct 
means that Marcel didn't go to x's office. Given that x '* y, this contradicts our 
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initial assumption. Second, suppose that y ;t. Marcel. By analogous reasoning, it 
follows that the elided pronoun :rpus�> be a free variable, and therefore that its 
overt counterpart must be equally free and co-indexed. Hence the first conjunct 
must mean that Philipp went to y's office - again contrary to assumption. In 
sum, if either x ;t. Philipp or y ;t. Marcel, we derive a contradiction with our 
initial assumption that· the text has "sloppy" truth conditions (that is, x ;t. y) .  
This proves that the case where x = Philipp and y = Marcel constitutes the only 
option for a grammatical "sloppy" reading. 

In this section, we have analyzed a simple example of pronoun interpretation 
in an ellipsis construction. Our main aim has been to argue that the distinction 
between bound-variable anaphora and co-reference, which was forced upon us 
by our general analysis of pronouns, has an important role to play in explaining 
the emergence of "strict" and "sloppy" readings under ellipsis . If the approach 
we have outlined is correct, it also follows that ellipsis data can give us valuable 
indirect evidence about the constraints that syntax places on the LF configura­
tions in which pronouns are bound. We will return to this point in the following 
chapter. 

Exercise 

Disregarding any readings where the ital icized pronoun refers to a person not 
mentioned in the sentence, each of the fol lowing sentences is ambiguous. 

(a) Only Bi l l  can get his car started . 
(b) Orily Mary knows why she is crying.  
(c) Only Ed understood the objections to his theory. 
(d) Only he was asked a question that he understood. 

Your fi rst task is to describe what the ambiguity consists in and how the two 
readings differ in truth-conditions. Then choose one example and explain in 
detai l how the two readings are accounted for under our current theory. This 
wi l l  involve specifying the relevant properyies of the LFs for each of the read­
ings and showing how our semantic/rU les apply to these LFs. 

To do all this, you wil l have to assume a semantic value for the word only. 
Assume that this word combines with DPs of type e (at least in  the present 
examples) , but that the DPs of the form [ oP only op] that it forms with them are 
of type « e ,I> , I> .  Assume the fo l lowing lexical entry: 

[only) = AX E De . Af E D<e,l> . for al l y E De such that y ;t. x,  f(y) = O .  
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You are permitted - in fact, encouraged - to abstract away from irrelevant 
complexity by taking the semantic values of certain complex LF chunks for 
granted i nstead of deriving them compositional ly. For example, you may make 
assumptions l ike the fol lowing without argument: 

[ [s t; knows why she) is crying]]9 = 1 iff g(i) knows why g(j) is crying. 

Notes 

1 See, e.g. ,  J. Lyons, Semantics (Cambridge, Cambridge University Press, 1 977), 
vot. 2, ch. 15 .  

2 H. Lasnik, "Remarks on Co-reference, " Linguistic A11aiysis, 2 ( 1 976), pp. 1-22, has 
an example like this. 

3 Representative authors expressing this view are Lasnik (n. 2) ;  B. H. Partee, "Bound 
Variables and Other Anaphora," in D. Waltz (ed.) , Proceedings of TINLAP-2 ( 1978 ) ;  
D. Lewis, "Score-Keeping in a Language Game," in R. Bauerle, U. Egli, and A. von 
Stechow (eds), Semantics from Diffel'ent Points of View (Berlin, Springer, 1979), 
pp. 1. 72-87. 

4 From Partee, "Bound Variables. " 
5 The assumptions we are making in this paragraph about the limitations on LF 

movement will be scrutinized more thoroughly in chapters 10 and 1 1  below. But, 
to anticipate the results, they will hold up well enough. 

6 Recall the definition of "free occurrence" of an index in a tree from chapter 5 .  
7 As before when we have needed an ad hoc account of possessive constructions, we 

assume that the structure of the DP is something like [DJ' the [NP he father] ], with a 
covert definite article. Father is a transitive noun (type <e,<e,t» ) ,  and he saturates 
its internal argument. 

8 The possibility that only (2) and not (3 )  is grammatical is excluded by the fact that 
his cail refer to someone other than John. Such a reading clearly requires structure 
(3 ) .  

9 See B. Partee, "Opacity, Coreference, and Pronouns," Synthese, 21 ( 1970), pp. 359-
85; E. Keenan, "Names, Quantifiers, and a Solution to the Sloppy Identity Prob­
lem," Papel's in Linguistics, 412 ( 1971 ) ;  Lasnik, "Remarks" ;  I. Sag, Deletion and 
Logical F01'l11 (Ph.D. dissertation, MIT, 1976, distributed by Indiana Linguistics 
Club, and published in 1980 by Garland, New York); E. Williams, "Discourse and 
Logical Form," Lingl.,istic Inql.,iry, 8 ( 1977), pp. 101-39; T. Reinhart, Al1apho1'a 
and Semantic blterpretation (London, Croom Helm, 1983) ;  and idem, "Coreference 
and Bound Anaphora: A Restatement of the Anaphora Questions,"  Linguistics and 
Philosophy, 6 ( 1983) ,  pp. 47-88 .  

10 See Reinhart, Anaphora; idem, "Coreference";  idem, "Bare Argument Ellipsis"  
(unpubl. MS, 1985 ) ;  Sag, Deletio1t; WilIiams, "Discourse"; D.  Pesetsky, "Paths and 
Categories" (Ph.D. dissertation, MIT, 1 982); and others. 

1 1  Even further unavailable readings would be generated if we disregarded the "as 
well" ,  which places some constraints of its own on the missing material. Very 
roughly, as well (and its synonyms also and too) give rise to a presupposition which 
is only fulfilled if the predicate they co-occur with denotes a superset of some salient 
predicate in the previous discourse. For instance, Laura left Texas, and Lena moved 
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too is okay, because Ix : x moved} is a superset of Ix : x left Texas} ;  whereas Laura 
left Texas, and Lena drank milk too is weird, because Ix : x drank milk} cannot be 
taken for granted to be a superset of Ix : x left Texas} .  We will not undertake a 
serious analysis of these particles here. We would like to stress, however, that not 
all examples of ellipsis include such a particle. See, e.g., ( 1 ) , (3 ) ,  (5) .  Therefore, the 
problem of overgeneration from an unconstrained deletion operation is actually 
even worse than it looks for (4) .  For instance, why shouldn't the elliptical disjunct 
in (5)  be able to mean " . . .  or perhaps Lena spilled the juice " ?  

1 2  A n  excellent summary o f  the arguments for this conclusion i s  found in Sag, Deletion, 
ch. 2. Sag also provides a useful overview of the literature up to 1 976. 

13 See Williams, "Discourse," and especially Sag, Deletion, for a broader survey of 
problem cases of this kind and for more general versions of our stipulation and 
alternatives to it. Sag, in fact, argued at length for a version of the LF Identity 
Condition which was much more restrictive than the combination of our ( 8 )  and 
( 1 8 ) .  It was so restrictive, in fact, that it ruled out many of the derivations we 
present in this chapter, including ( 1 1 )  and (19 ) .  This, in turn, led Sag to adopt a 
different LF syntax for VPs. A serious introduction to the theory of ellipsis would 
have to include a thorough discussion of Sag's proposal and the complex collection 
of data that has been brought to bear on it. This would go far beyond the scope 
of an introductory semantics text. See R. Fiengo and R. May, Indices and Identity 
(Cambridge, Mass. ,  MIT Press, 1 994), for a useful recent overview. 

14 For instance, ( 1 7) has variants l ike ( i ) .  

( i )  S 

� 
Philipp I 

� 
I VP 

I � 
PAST go to his! office 

S 

� 
Marcel 2 S 

� 

I VP 
I � 

didn't go to his2 office 

( 17) violates ( 1 8 ) ,  ( i )  abides by it. There is no difference in interpretation, and no 
difference with respect to the syntactic mechanisms which generate and license LFs -
except, of course, for the LF Identity Condition, which doesn't license deletion in ( i ) .  

15 Presumably, it was this way of looking at the phenomenon that originally gave rise 
to the label "sloppy" (due to Ross - see J. R. Ross, "Constraints on Variables in 
Syntax" (Ph.D. dissertation, MIT, 1967), distributed by Indiana Linguistics Club). 
If the LF Identity Condition were strictly ;1pplied, it seems, such readings would be 
ruled out. But, as we will see right aWf\Y, there is a different and more insightful way 
of looking at the phenomenon, which reveals that the "sloppy" reading does not 
really deserve to be called "sloppy" at all. It actually obeys the LF Identity Condi­
tion just as strictly as the "strict" reading. Nevertheless, the descriptive labels "sloppy" 
and "strict" have stuck, despite the overwhelming success of the theory that contra­
dicted them, and so we are using them too. 

16 Among the first authors to see this clearly were Partee ( "Opacity" )  and Keenan 
( "Names, Quantifiers " ) .  



1 0  Syntactic and Semantic Binding 

In the sections to come, we will first look at syntactic co-indexing procedures 
and conditions on binding. This will be short, since the details belong in a 
syntax text. We will then distinguish syntactic and semantic notions of "binding" 
and state a principle connecting the two. The outcome will be essentially Reinhart's 
theory of pronoun interpretation, ! and we will review its predictions about 
"sloppy identity" readings and the so-called Weak Crossover effect, as well as 
its implications for the syntax of co-reference. 

10.1 Indexing and Surface Structure binding 

We have argued that the input for the semantic interpretation component 
should be LF representations. LF representations are transformationally derived 
from SS representations by Quantifier Raising (QR) . We have adopted a very 
unconstrained view of QR: it is optional; it can apply to any kind of DP; and 
it can adjoin to any node. Its application is indirectly constrained by syntactic 
principles on the one hand and by interpretability on the other. 

QR, like all movement, leaves a co-indexed trace. Where do the indices come 
from? One possibility is that they are added in the application of movement 
itself, so that even an initially index-less phrase would be co-indexed with its 
trace after movement. Another possibility is that the phrase to be moved had an 
index to begin with, which then gets duplicated in the movement. What we have 
done so far in this book was compatible with either option, but in this chapter, 
we take the second view: all indices are already present by SS. 

Suppose that indices are optionally inserted with any DP at DS and may be 
chosen freely at this point. When a DP (lj moves in the course of the derivation, 
a trace tj is left in its original site, and the index of the moved DP is also 
adjoined to its sister node at the landing site (to form a predicate abstract) .  So 
the configuration after movement looks like this:2 
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( 1 )  

Though indices are assigned freely, certain choices will later b e  filtered out. One 
obvious constraint is that every pronoun must be generated with an index, or 
else it will not be interpretable .3 For non-pronominal DPs, indices are in principle 
optional, but will, in effect, be required if the DP is going to move. Otherwise, 
there will be no index on its trace, and the trace will be uninterpretable. Another 
way in which the semantics indirectly constrains indexing possibilities has to do 
which features like gender, person, and number. Recall from chapters 5 and 9 
that these induce certain presuppositions, which will systematically fail if we try 
to co-index DPs with conflicting features . 

Among syntactic constraints on indexing possibilities, we have mentioned 
(in chapter 5) the Prohibition against Vacuous Binding and, briefly, the so-called 
Binding Theory. It is the latter's effects which we want to look at more closely 
now. 

To formulate the Binding Theory, we need a definition of syntactic binding, 
which in turn presupposes a definition of c-command. Here are two more or less 
standard definitions.4 

(2) C-command 
A node a. c-commands a node � iff 
(i) neither node dominates the other, and 

(ii) the first branching node dominating a. dominates �. 

(3) Syntactic binding 
A node a. syntactically binds a node � iff 

(i) a. and � are co-indexed, 
(ii) a. c-commands �, 

(iii) a. is in an A-position, and 
(iv) a. does not c-command any other node which also is co-indexed with 

�, c-commands �, and is in an A-position. 

"A-positions" are the positions of subjects and objects: "non-A (A-bar) positions" 
are adjoined and complementizer positions. The Binding Theory only applies to 
binders in A-positions. The following version is from Chomsky.5 



262 Syntactic and Semantic Binding 

(4) Binding Theory 
(A) Reflexive pronouns and reciprocals must be bound in their Minimal 

Governing Category. 
(B) All other pronouns must be free in their Minimal Governing Category. 
(C) All non-pronominal DPs must be free .  

"Bound" here i s  to  be understood as "syntactically bound" and "free" as "not 
syntactically bound " .  Clauses (A) and (B)  give conditions for binding possibil­
ities of different kinds of pronouns. The conditions crucially rely on the notion 
"Minimal Governing Category" . There is much discussion of this in the syntactic 
literature. For our purposes, the exact definition of the local domain in which 
reciprocals and reflexives must be bound and other pronouns must be free is not 
essential. What is essential, howevel; is that reflexives must be bound, ordinary 
pronouns can be bound or free, and non-pronominal DPs must be free. 

1 0.2 Syntactic binding, semantic binding, and the 
Binding Principle 

Syntactic binding is not the same as binding in the semantic sense. We discussed 
the semantic notion in section 5.4. Our discussion yielded the following definition. 

( 1 )  Let a.m be a variable occurrence in a tree y which is (semantically) bound 
in y, and let W be a variable binder occurrence in y. 
Then �II (semantically) binds a.m iff the sister of �n is the largest subtree of 
y in which a.1II is (semantically) free. 

Recall also that the only variable binders in our system are the adjoined indices 
that trigger the Predicate Abstraction Rule. 

Compare the following two structures: 

(2) S 

� 
every diver1 VP 

� 
defended himself1 
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(3 )  S 

� 
every diver! ) S 

� 
tt VP 

� 
defended himselft 
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The pronoun "himself! " is syntactically bound in both (2) and (3 ) ,  but 
semantically bound only in (3 ) .  Accordingly, our semantic rules give very differ­
ent results when applied to these two structures. In (2), "himselft " is interpreted 
like a free variable; it receives its value from the variable assignment supplied by 
the utterance context (if any) . The index on "every diver" receives no interpreta­
tion at all. It is not seen by any of our semantic rules, and we assume it is just 
skipped over. (2) can only mean that every diver defended a certain contextually 
salient individual. In (3 ) ,  on the other hand, the pronoun "himself! " is interpreted 
like a bound variable. It is bound in the interpretation of the predicate abstract, 
and the predicted meaning for ( 3 )  is that every diver defended himself. 

( 3 )  correctly captures the truth-conditions of the English sentence "Every 
diver defended himself"; (2) does not. We have to find out, then, what excludes 
(2) as a possible LF for this sentence. In other words, we have to give an 
explanation for why QR is obligatory in structures like this, even though it is 
an optional rule and there is no type mismatch forcing us to move the quantifier 
phrase. 

We propose that what is at play here is a principle which enforces a tight 
connection between syntactic binding at SS and semantic binding at LE Roughly 
speaking, every syntactic binding relation must correspond to a semantic binding 
relation, and vice versa. To give a precise statement, we must first introduce a 
derivative notion of "semantic binding" ,  which relates two DPs. (On the literal 
notion, only variable binders in the semantic sense can bind anything. )  

(4) A DP a semanticall)1 binds a DP � (in the derivative sense) iff � and the 
trace of a are (semantically) bou�id by the same variable binder. 

In this derivative sense, we can say that "every diverj " in (3 )  " semantically 
binds" "himself! " ,  even though the real binder is the adjoined index right 
below it. 

We can now state our principle .  
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(5)  Binding Principle 
Let IX. and � be DPs, where � is not phonetically empty. Then IX. binds � 
syntactically at SS iff IX. binds � semantically at LF. 

(The qualification "not empty" serves to exempt traces. )  
The Binding Principle in interaction with the Binding Theory excludes (2 )  as 

a possible LF, even though it is a possible SS, of course. The Binding Theory 
requires syntactic binding between quantifier phrase and reflexive at SS. Because 
of the Binding Principle. this must be matched by semantic binding at LE This 
means that QR must apply in this case, hence the correct interpretation of the 
sentence "Every diver defended himself" is guaranteed. 

Let us look at another example. 

(6) She! said that shet saw a shark next to hert. 

In (6), we have two syntactic binding relations: the first pronoun binds the 
second, and the second binds the third. The Binding Principle requires that each 
of these syntactic binding relations corresponds to a semantic binding relation. 
This means that all but the lowest pronoun must QR, and the LF looks as 
follows: 

(6' ) S 

/A 
1 S 

that S 
� 

shet 1 S 
� 

tl saw a shark next to her t 

The Binding Principle imposes a direct correspondence between syntactic binding 
at Surface Structure and variable binding at Logical Form. Whenever you find 
syntactic binding of a pronoun at SS, you have a bound-variable interpretation 
at LE And whenever you have a bound variable interpretation at LF, you have 
syntactic binding at SS. The second subclaim is a version of the so-called Weak 
Crossover condition. The first subclaim is surprising and controversial . Is the 
bound-variable interpretation really the only way to interpret syntactic binding 
of pronouns ? We will see that there are reasons for a positive answer. They are 
laid out in detail in Reinhart's book, and we will review them below. 
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10.3 Weak Crossover 

Here is an example of what is known as "Weak Crossover" .  

( 1 )  The shark next t o  him attacked every diver. 
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In ( 1 ) , the pronoun him cannot receive a bound-variable interpretation. But now 
consider the following indexing. 

(2) The shark next to him! attacked [every diver] t .  

In (2), the pronoun himt and the quantifier phrase every divert are co-indexed. 
Yet neither DP binds the other syntactically, since neither c-commands the other. 
According to the Binding Principle, this means that neither is allowed to bind 
the other semantically at LF; hence the following structure is not a possible LF 
for (2) . 

(3) S 

� 
every divert 1 S 

� 
DP VP 

A A 
the NP attacked tt 

A 
shark pp 

A 
next to himt 

In (3 ) ,  himt is semantically bound, but it vyas not syntactically bound at SS, in 
violation of the Binding Principle. We hevc(�o choice as far as QR goes, however. 
The object is of semantic type « e,t>,b, hence the type mismatch forces QR. 
The conclusion, then, is that the Binding Principle indirectly rules out the co­
indexing between object and pronoun in (2) . 6  A legitimate indexing for the same 
sentence is (4) . 

(4) The shark next to him2 attacked [every diver] l .  
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The LF representation derivable from (4) presents no problem for the Binding 
Principle . 

(5) S 

� 
every divert 1 S 

� 
DP VP 

A A 
the NP attacked tt 

A 
shark pp 

A 
next to him2 

In (5) ,  the pronoun him2 is not semantically bound. If the utterance context 
doesn't specify a value for it, the sentence winds up without a truth-value, hence 
is inappropriate . The Binding Principle, then, correctly predicts that the pronoun 
in ( 1 )  must be referential, and cannot be understood as a bound variable. 

The Weak Crossover facts confirm one part of the Binding Principle: namely, 
that bound-variable interpretations of pronouns at LF require syntactic binding 
at SS. The following section provides more evidence for the same claim as well 
as for the other part: namely, that syntactic binding forces a bound-variable 
interpretation. 

10.4 The Binding Principle and strict and 
sloppy identity 

Our discussion of ellipsis (section 9 . 3 )  gave us evidence that certain pronouns 
anaphorically related to proper names are truly ambiguous between a co­
referential and a bound-variable interpretation. We saw this in examples like 
( 1 ) . 

( 1 )  First Philipp cleaned his room, and then Felix (did ) .  

If  the pronoun "his " i s  a free variable, ( 1 )  receives a "strict" reading; if  it i s  a 
bOllnd variable, we obtain the "sloppy" reading. 
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The Binding Principle which we have posited in this chapter now states 
that the bound-variable interpreta�ion . is grammatical in exactly those cases 
where we also have syntactic binding at Surface Structure . Given the connection 
between bound-variable interpretation and sloppy identity, this implies further 
predictions about the distribution of strict and sloppy readings . In the configura­
tion of example ( 1 ) ,  the .syntactic Binding Theory permits, but does not force, 
co-indexing between "Philipp" and "his" at SS. The emergence of both sloppy 
and strict readings is thus precisely what we expect in this case. Let us look at 
the predictions for some other cases .7 

Since syntactic binding always requires c-command, a pronoun which is ana­
phorically related to a non-c-commanding antecedent can only be an instance of 
co-reference anaphora, but never of bound-variable anaphora. We have already 
seen that therefore the antecedent can never be a quantifier (see section 10 .3 ) .  
I t  also follows that when the antecedent i s  a proper name and there I S  an 
elliptical continuation, a sloppy reading is systematically unavailable. 

(2) His father spoils Roman, but not Felix. 

(2) cannot mean that Roman's father spoils Roman, but Felix's father doesn't 
spoil Felix. 

Further test cases for this prediction are the following examples :8 

( 3 )  (a )  Zelda bought Siegfried a present on his birthday, and Felix too (that 
is, " . . .  and she bought Felix . . .  too" ) .  

(b) Zelda thought about Siegfried on his birthday, and about Felix too. 

(4) (a)  You can keep Rosa in her room for the whole afternoon, but not 
Zelda. 

(b)  Felix is kissio.g Rosa in her favorite picture but not Zelda (that is ,  "he 
is not kissing Zelda" ) .  

(c) Rosa is wearing a pink dress in her favorite picture, but not Zelda. 

Lack of c-command is one possible obstacle to syntactic binding, but not the 
only one. The Binding Theory (clause (B) )  also implies that a non-reflexive pro­
noun may not be bound when it is "too close" to a potential antecedent, as in 
* "Billl likes him! " .  In this case, too, our theory predicts that only co-reference 
anaphora may obtain, never bound-variable anaphora. For reasons we will 
turn to in the last section, even co-reference at first seems impossible here . But 
there are special discourse conditions under which it is not entirely excluded, 
and these provide us with another kind of test case for the Binding Principle.9 
Consider (5 ) . 10 
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(5)  I know what Bill and Mary have in common. Mary likes Bill and Bill likes 
him too. 

(5) illustrates that there is a possible context in which "Bill likes him" has the 
truth�conditions of "Bill likes Bill" .  Assuming that the Binding Theory is correct, 
this configuration precludes co-indexing, and if the Binding Principle is right, the 
observed trtith-conditions can therefore not be the result of construing "him" as 
a bound variaBle. This can only be a case of co-reference. It follows, then, that 
elliptical contimrations will unambiguously have a strict reading. The prediction 
is b�r�e out: 

(6)  Ann:.. "Nobody' likes Bill . "  
Mari!, "No, tha\'s not quite right. Bill likes him, of course, just like you 
do. " \ 

Mary's utterance in (6) cannot have a sloppy reading. It can't mean that Bill 
likes Bill, just like you like you. 

Thus far, we have looked at implications from one direction of the Binding 
Principle . If there is a bound-variable interpretation, there has to be syntactic 
binding at Surface Structure. The o�her part of the biconditional says that when­
ever there is syntactic binding at SS; there must be semantic binding at LF. This 
part, too, implies predictions about the �istribution of strict and sloppy readings. 
Let's look at cases where the syntax doesn't just allow, but requires, binding. 
Reflexive pronouns must be syntactically bo.und according to clause (A) of the 
Binding Theory. The Binding Principle therefore predicts them to be bound vari­
ables in all cases. Co-reference is never an option, and we expect the absence 
of a " strict" reading in examples like (7),u 

(7) Ann hurt herself, and Mary (did) too. 

Let us finally note (again with Reinhart) that parallel examples with only can 
be constructed for all of the ellipsis examples in this section. 12 In these examples, 
capitalization represents focal stress. 

( 8 )  Only Philipp cleaned his room. 

(9 )  I only claimed that his father spoils ROMAN. 

( 1 0) (a)  Zelda only bought SIEGFRIED a present on his birthday. 
(b )  Zelda only though about SIEGFRIED ' 011 his birthday. 
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( 1 1 )  (a )  You can only keep ROSA in her room for the whole afternoon. 
(b)  Felix is only kissing ROSA in her favorite picture. 
(c) Only Rosa is wearing a

' 
pink dress in her favorite picture. 

( 12 )  Despite the big fuss about Felix's candidacy, when we counted the votes, 
we found out that. in fact only Felix himself voted for him. 

( 1 3 )  Only Ann hurt herself. 1 3  

We leave it to the reader to deduce (and examine) the relevant predictions about 
possible readings. 

10.5  Syntactic constraints on co-reference? 

The Binding Principle stipulates a tight correspondence between syntactic binding 
at SS and bound-variable interpretation at LF, and we have seen ample support 
for this. Our theory also implies that syntactic binding or the absence thereof 
has nothing to do with allowing or prohibiting co-reference. If a DP is not 
syntactically bound, it is not interpreted as a bound variable. But how else it is 
interpreted in that case depends solely on its lexical content (if it is a non­
pronominal DP) or on the assignment contributed by the utterance situation (if 
it is a pronoun).  There is nothing in the theory which predicts that any of the 
following examples should be ungrammatical or require disjoint reference between 
the italicized DPs. 

( 1 )  ( a )  My fathet voted for m y  fathet. 
(b)  I hurt me. 
(c) Bill Clinton overestimates him. 
(d) She sold Amt's car. 

Bound-variable interpretations are precluded, but co-reference is allowed by the 
theory (provided suitable utterance contexts) ,  and in some cases even necessitated 
by the DPs' inherent meanings (including feature-related presuppositions) .  

For some examples (though admittedly not the ones that come to mind at 
first) ,  this permissiveness is welcome. For instance, we don't have to worry 
about sentences like (2) .  

(2) She is the boss. 
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Presumably, clause (C) of the Binding Theory prohibits co-indexation of she and 
the boss in (2) .  But there is clearly no obstacle to co-reference between the two 
DPs . On our current approach, (2) receives a truth-value only in contexts that 
fix a reference for she. The referent of she must have been mentioned earlier, or 
else must be picked out with a gesture , or be salient otherwise. If the context 
does indeed specify a referent for she in (2), then (2) is true just in case this 
referent is the boss. And this account seems right. 

The point is not limited to identity sentences like (2) .  For another classic 
example,14 imagine yourself at a Halloween party, trying to guess which of your 
friends is hiding behind which costume. One of the guests just left the party, and 
somebody utters ( 3 ) .  

( 3 )  He put on John's coat. 

The pronoun "he" refers to the one who just left, and the utterance is just as 
grammatical and felicitous if this is John as it is if it's somebody else. Moreover, 
there is the type of example which we already saw in the section on sloppy 
identity: 

(4) I know what Bill and Mary have in common. Mary likes Bill and Bill likes 
him too. 

In sum, there is some evidence which indicates that it would actually be misguided 
to search for a theory on which Binding Theory directly constrains reference. 
Our present approach makes some good predictions . 

Still, there are problems. Notwithstanding the existence of examples like (2) ,  
(3 ) ,  and (4) ,  most examples with c-commanded names and locally c-commanded 
pronouns are clearly judged to disallow co-reference. Except for the identity 
sentence in (2), we had to set up rather special discourse contexts to bring out 
the judgment that co-reference was possible. The problem is highlighted by pairs 
like (5) and (6) .  

(5 )  She liked the flowers that we bought for Zelda. 

(6) The flowers that we bought for her pleased Zelda. 

(6) ,  in which the pronoun precedes but does not c-command the name, is readily 
accepted with a co-referential reading. (5 )  clearly has a different intuitive status . 
Once the pronoun c-commands the name, only a much narrower set of con­
ceivable utterance contexts will make co-reference acceptable. 

Reinhart offers an explanation for this difference . She proposes a further 
principle, which establishes a preference ranking between different LFs that 
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convey the same meaning. In a nutshell, Reinhart's principle says that if a given 
message can be conveyed by two minimally different LFs of which one involves 
variable binding where the other · has' co-reference, then the variable binding 
structure is always the preferred one.15 A precise formulation of the principle is 
not trivial,16 and we will content ourselves here with a few elementary and 
informal illustrations. 

Suppose a speaker wants to convey the information that Felix voted for 
himself. That is, she wants to produce an utterance which is true if Felix voted 
for Felix and false if he didn't. There are various different possible utterances 
which have these truth-conditions. The following pairs of LFs and reference 
assignments (where needed) represent a few of these choices : 

(7) Felix voted for Felix 

( 8 )  Felix voted for himl 

(9 )  Felix 1 [tl voted for himselftl 

( 10) Hel voted for Felix 

gc = [1 -7 Felix] 

gc = [1 -7 Felix] 

In (7) ,  ( 8 ) ,  and ( 1 0) ,  the object co-refers with the subject, but in (9 ) ,  it is a 
bound variable. Reinhart's principle thus dictates that the speaker choose (9) 
over (7) ,  ( 8 ) , or ( 10 ) .  It thus accounts for the fact that speakers will not use the 
surface sentences corresponding to (7) ,  ( 8 ) , or ( 10 )  if they mean to express these 
particular truth-conditions . 

We have presented the example from the speaker's perspective, but we can 
equally well look at it from the hearer's. Whereas the speaker needed to make 
a choice between different ways of encoding a given truth-condition, the hearer's 
task is to disambiguate a given surface string. Suppose the hearer hears "Felix 
voted for him" and needs to guess the LF structure and reference assignment 
that the speaker intends him to recover. Among the candidates might be the 
following pairs. 

( 8 )  Felix voted for himl gc = [1 -7 Felix] 

( 1 1 )  Felix voted for him! gc = [ 1  -4� Max] 

( 12 )  Felix voted for him! gc = [1 -7 Oscar] 

Now the hearer is taking into account that the speaker is guided by Reinhart's 
principle, and thus he must reason as follows : "If she intended ( 8 ) ,  she would 
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be expressing the information that Felix voted for Felix. But in order to convey 
this message, she could also have chosen a different utterance, the one in (9 ) .  
And by Reinhart's principle, she would have preferred that choice. I therefore 
conclude that she must not have intended ( 8 ) ,  but perhaps ( 1 1 )  or ( 12 ) . "  So 
Reinhart's principle also explains why a hearer will not assign a co-referential 
reading to the surface form "Felix voted for him" .  

Similar reasoning applies to  other examples . For instance, (5)  (repeated from 
above) must not be used with "she" referring to Zelda, 

(5 )  She liked the flowers that we bought for Zelda 

because the meaning thereby expressed would be the same as that of a competing 
LF which involves variable binding: namely, ( 1 3 ) .  

( 1 3 )  Zelda l [tJ liked the flowers that we bought for her!] 

Reinhart's principle therefore predicts that the binding structure in ( 1 3 )  must be 
chosen over a co-reference use of (5 ) .  It also correctly predicts that (6 )  is different. 

(6) The flowers that we bought for her pleased Zelda. 

(6)  on the reading where "she" refers to Zelda does not have any "competitor" 
that expresses the same meaning through variable bindingY If ( 14) or ( 15 )  were 
grammatical, they would qualify, but these LFs cannot be generated without 
violating the Binding Principle. (See section 10 .3 . )  

( 14 )  Zelda l [the flowers that we bought for t !  pleased herl] 

( 15 )  Zelda l [the flowers that we bought for her! pleased tl] 

Reinhart's approach to the connection between syntactic Binding Theory and 
the interpretation of referential DPs seems roundabout and complicated at first, 
and it uses concepts and procedures that need to be made precise for it to yield 
correct predictions. As it has turned out, however, this is not a weakness, but 
relates directly to its greatest strengths. In particular, the approach leads naturally 
to an interesting and plausible hypothesis about the so-called "exceptional" cases 
like (2), ( 3 ), and (4) above, in which co-reference is allowed. IS Let us illustrate 
with example (2) .  

What we want to explain is why co-reference is okay in (2 ) ;  that is, why the 
speaker is permitted to choose the following LF plus reference assignment. 

( 16 )  She! i s  the boss gc := [1  � the boss] 
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Why isn't she required to forgo this choice in favor of the following alternative, 
which involves variable binding instead of co-reference? 

( 1 7) The boss 1 [te is herself}] 

Reinhart's answer is that ( 17) would not convey the same information as ( 1 6) .  
This is what distinguishes example (2) from the ones above (for example, "Pelix 
voted for him" ) .  The information that the speaker intended to convey in our 
story about "Pelix voted for him" was adequately expressed by the bound­
variable structure "Pelixt voted for himselft " .  But the information that the 
speaker wants to convey when she says "She is the boss" is not preserved in the 
reformulation "The boss is herself" . The latter is completely trivial, and only 
attributes to the boss the necessary property of self-identity. The original utterance, 
by contrast, can clearly serve to tell the hearer something new (and possibly 
false) . Reinhart's principle regulates only choiCes between possible utterances 
which convey a given intended message. It thus implies that ( 17) is not in 
competition with ( 1 6) ,  and therefore leads to the correct prediction that the co­
reference in ( 1 6) is acceptable. 

Incidentally, the account just sketched raises an interesting question about the 
relevant concept of "same information" or " intended message" .  The difference 
between "She is the boss" (with co-reference) and " the boss is (identical to ) 
herself" is intuitively real enough, but it turns out that it cannot be pinned down 
as a difference between the truth-conditions of utterances in the technical sense 
of our theory. 19 As a simple calculation reveals, if the LP she} is the boss is 
uttered in a context c such that gc( 1 )  = the boss, then this utterance has precisely 
the same truth-conditions as an

' 
utterance of the LP the boss 1 [t1 is herself}] 

(uttered in any context) .  Both utterances are true non-contingently, since the 
boss = the boss, of course. It appears that there is something wrong here with 
our conception of " truth-condition of an utterance," or at least that this is not 
the appropriate theoretical construct to explicate the semantic (or pragmatic) 
notions that are relevant to the operation of Reinhart's principle. Unfortunately, 
we cannot offer a better explication here, since it would require a serious theory 
of context dependency. 20 

Reinhart's account of examples ( 1 )  and (3 )  follows the same general strategy. 
In each of these cases, there is a clear intuition that the speaker would not be 
conveying exactly her intended messag�jf she replaced the utterance involving 
co-reference by one involving variable ? binding. This being so, the preference 
principle licenses the structure with co-reference. As in the case of (2), it is 
beyond our current means to analyze precisely what it is that would get lost in 
the replacement. But for the purposes of the present argument (and Reinhart's ) ,  
this doesn't matter. We have shown that Reinhart's theory explains not only why 
Binding Theory appears to constrain co-reference is most cases, but also why it 
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sometimes doesn't. This vindicates the view that co-reference, as opposed to 
variable binding, is not directly represented in linguistic representations, and 
thus cannot be directly affected by syntactic rules . 

10.6 Summary 

We started out with a problem and ended up with Reinhart's theory of anaphora. 
The problem arose when we wondered what it is that forces anaphoric inter­
pretation in cases like ( 1 ) . 

( 1 )  Ann ( defended herself} 

Our semantic rules for proper names and pronouns just don't allow us to 
establish a connection between the two noun phrases in ( 1 ) .  The interpretation 
of nouns doesn't depend on the index on the noun at all. And the interpretation 
of pronouns is strictly local. It depends on the index of the pronolID, but it can't 
see whether this pronoun is co-indexed with another node or not. We saw that 
we could guarantee an anaphoric interpretation for ( 1 )  only if we had reasons 
to require that the noun phrase Ann} must undergo QR. This led to one half 
of the Binding Principle: namely, that whenever there is syntactic binding, there 
must be semantic binding. The preceding sections gave support for this gen­
eralization, as well as for the other half of the Binding Principle: namely, that 
whenever there is semantic binding, there must be syntactic binding (a version 
of the "Weak Crossover Condition" ) .  We also defended the view that neither the 
Binding Theory nor the Binding Principle make any mention of co-reference. 

Notes 

1 T. Reinhart, Anapbora and Semalttic Ilttelpretatiolt (London, Croom Helm, 1983) ,  
and idem, "Coreference and Bound Anaphora,"  Linguistics and Pbilosopby, 6 ( 1983) ,  
pp.  47-88 .  

2 This looks a little different from the structures we have been drawing so far (see 
section 7.3 ) .  We previously did not include an index in the moved phrase itself. 
Most of the time, the index in aj will in fact be semantically vacuous, and thus we 
might as well leave it out. The exceptions are cases in which the moved phrase is 
itself a variable (e.g., a pronoun) . 

3 We are not assuming here that the index is part of the pronoun as a lexical item. 
If pronouns are listed in the lexicon at all, they are listed there without an index and 
as semantically vacuous items. No semantic rule sees the · pronoun itself, and the 
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lowest node that is interpreted is the indexed DP dominating it. This implies that 
our definition of "variable" in section 5.4 needs a small correction. As it is written, 
only terminal nodes can be variables. "-Instead of "terminal node",  we should have 
said "node that dominates at most one non-vacuous item" .  This allows the indexed 
DP dominating a" pronoun to count as a variable, but still excludes truly complex 
constituents containing meaningful material in addition to a (single) variable. 

4 See N. Chomsky, Lec�ul'es on Government and Billding (Dordrecht, Foris, 1981 ) .  
What we  are defining under (3 )  i s  actually called " local A-binding" there. But since 
this is the only syntactic notion of binding we will be talking about, we can afford 
to omit " local" and "A" from its name. 

5 Ibid. 
6 This is not quite correct if there are nodes of type t below the subject, which can 

serve as alternative landing sites for QR (see ch. 8 ) .  On that assumption, the SS in 
(2) will not be ruled out. But note that QR'ing the object to a site below the subject 
would not result in binding the pronoun him •. It would remain a free variable, 
whose interpretation is unrelated to that of the object's trace (despite co-indexing) ,  
and which can only get a referent from the context. So the empirical prediction 
remains the same: ( 1 )  cannot mean that every diver x was attacked by the shark next 
to x. 

7 This will be a superficial and incomplete survey. See Reinhart's work for a detailed 
defense of the predicted generalizations, and much recent work for critical discussion. 

8 Taken more or less from Reinhart, Anaphol'a, p. 153.  
9 See ibid ., p. 169 for the argument to follow. 

10 See G. Evans, "Pronouns ,"  Linguistic Inquiry, 1 1/2 ( 1980 ) ,  pp. 337-62, at 
p. 349 . Evans's paper contains several other classic examples illustrating the same 
phenomenon. 

1 1  A wider range of examples with reflexives reveals that the data are more complex. 
For recent discussion and controversy, see A. Hestvik, "Reflexives and Ellipsis, "  
Natu1'a1 Lallguage Semantics, 3/2 ( 1995),  pp. 21 1-37, and Fiengo and May, bldices 
and Idelttity, among others. 

12 In many of these examples, only is  a VP operator that associates with a focused 
element in the VP. See M. Rooth, "Association with Focus" (Ph.D. dissertation, 
University of Massachusetts, Amherst, 1985, distributed by GLSA) for ways of 
interpreting such constructions. 

13  See Geach's discussion of  the example " Only Satan pities himself" (P. Geach, Refer­
ence and Generality (Ithaca, NY, Cornell University Press,  1 962). 

14 This one is due to Higginbotham (J. Higginbotham, "AnaphOl'a and GB: Some 
Preliminary Remarks," Cahiers Linguistiques d'Ottawa, 9 ( 1980),  pp. 223-36) .  See 
also Evans, "Pronouns ."  

15  Reinhart's principle i s  sometimes called a "pragmatic" principle and has been re­
lated to general maxims of conversation like "Avoid ambiguity" .  (See S. Levinson, 
Pragmatics (Cambridge, Cambridge University Press, 1983 ) . )  It is tempting, indeed, 
to speculate that the preference for bound-variable anaphora ( "Felix voted for him­
self" )  over co-reference ("Felix voted for him")  is due simply to the fact that the 
reflexive disambiguates the utterance, whereas a plain pronoun creates referential 
ambiguity. We do not want to endorse a reduction to pragmatics of this simple­
minded sort. For one thing, many applications of the principle as stated by Reinhart 
involve rankings among structures which all contain plain non-reflexive pronouns 
and thus have equally ambiguous surface forms. Also, the appeal to a general 
strategy of ambiguity avoidance opens the door to many objections . For example, 
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why do we allow co-reference in the coordinate sentence "Felix is smart and he is 
nice" when there is the less ambiguous alternative "Felix is smart and nice" ?  (Keenan, 
personal communication) .  Given that referential ambiguity is easily tolerated in this 
case, doesn't this undermine the whole idea behind Reinhart's proposal ? 

We do not mean to discourage attempts to reduce Reinhart's principle to some­
thing more general. Clearly, it should not simply be accepted as an isolated stipula­
tion, and perhaps it really does turn out to follow from "pragmatics" in some sense 
of the word. But in our experience, billing the principle as a "pragmatic" one some­
times misleads people about what it actually says, and leads them to dismiss it 
without appreciating the considerable empirical support for it. 

16 See Reinhart, Anaphora; Y. Grodzinsky and T. Reinhart, "The Innateness of Binding 
and Coreference," Linguistic Inquiry, 24 ( 1993), pp. 69-102; and I .  Heim, "Anaphora 
and Semantic Interpretation: A Reinterpretation of Reinhart's Approach," SfS­
Report-07-93 (University of Tiibingen, 1993) ,  for discussion and concrete proposals. 

17 This example shows that the set of potential "competitors" must be limited to LFs 
with essentially the same overall structure, in a sense to be made precise. We do not 
want (6) to have to compete with ( i ) ,  for example: 

(i) Zelda l [t l  was pleased by the flowers that we bought for herl ] 

(i) is truth-conditionally equivalent with the co-referential reading of (6) ,  and it is 
a grammatical structure involving variable binding. Nevertheless, its existence does 
not preempt the co-referential use of (6 ) .  The success of Reinhart's principle thus 
depends on an appropriate characterization of the set of structures that are being 
compared in its application. (See references in n. 16 . )  

1 8  Another strong argument for the approach has emerged from the study of  language 
acquisition. Young children typically go through a stage in which they allow co­
reference in linguistic structures in which adults do not. An insightful explanation 
of the children's performance has been based on the hypothesis that they have adult­
like competence in the Binding Theory but an immature ability to apply Reinhart's 
preference principle. See Y.-c. Chien and K. Wexler, "Children's Knowledge of 
Locality Conditions in Binding as Evidence for the Modularity of Syntax and Prag­
matics," Language Acquisition, 1 ( 1991 ), pp. 225-95; J. Grimshaw and S. T. Rosen, 
"Knowledge and Obedience: The Developmental Status of the Binding Theory," 
Linguistic Inquiry, 21 ( 1990), pp. 1 87-222; and Grodzinsky and Reinhart, "Innate­
ness," for details and discussion. 

1 9  Refer to  the definition in  section 9 .1 .2. 
20 The problem here is actually a version of what is widely known as "Frege's prob­

lem" in the philosophical literature. See R. Stalnaker, "Assertion," in P. Cole (ed . ) ,  
Syntax and Semantics, vo!. 9: Pragmatics (New York, Academic Press, 1979) ,  
pp. 3 15-32, and the references on context dependency in chapter 4 above. 



1 1  E-Type Anaphora 

We have distinguished referential from bound-variable pronouns and have 
discussed the relevance of the distinction for the semantics of ellipsis and the 
interpretation of syntactic Binding Theory. We have argued, in particular, that 
"anaphoric" relations in the descriptive sense of the term are a mixed bag, and 
that some cases involve variable binding whereas others involve co-reference. In 
this chapter, we will show that there are even further kinds of anaphoric relations 
to be distinguished, and additional interpretations for pronouns as well. 

We will begin with a review of predictions from the current theory, specific­
ally its predictions about the distribution of pronouns which are anaphorically 
related to quantificational antecedents. We will find that the syntactic assump­
tions that gave rise to these predictions hold up well under scrutiny. Yet, they 
seem at first to exclude a whole bunch of perfectly grammatical examples. This 
problem will lead us to reexamine some assumptions: Is it possible, after all, to 
assign a referential interpretation to a pronoun whose antecedent is a quantifier? 
What does "antecedent" mean in this case ? In the end, we will find conclusive 
evidence that some pronouns are neither referential nor bound variables. They 
have a third kind of interpretation, as so-called E-Type pronouns. We will spell 
out one concrete analysis of E-Type pronouns, on which they are definite descrip­
tions with complex silent predicates, and will briefly mention applications to 
some famous examples. 

1 1 . 1  Review of some predictions 

QR is subject to some locality constraints. For instance, it is not grammatical 
to QR the "no" DP in the relative clause of ( 1 )  all the way to the matrix S. 

( 1 )  Every problem that no  man could solve was contributed by  Mary. 

Such constraints on QR entail constraints on the distribution of bound-variable 
pronouns . If the predicate abstract created in the movement of no man cannot 
extend beyond the relative clause, then the binder index that heads this abstract 
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cannot bind pronouns outside the relative clause. In this particular example, 
there aren't any pronouns around in the first place. But look at (2) and (3 ) .  

(2) Every problem that no man showed to his mother was easy. 

(3)  Every problem that no man could solve kept him busy al l  day. 

For the his in (2),  an anaphoric reading where its antecedent is no man is 
entirely natural. This is predicted, since we can generate an LF in which the 
relative clause looks as follows: 

(4) CP 

� 
whl S 

� 
DP 

A 
no man 

2 S 

A 
t2 VP 

� 
showed tJ to his2 mother 

(3 ) ,  on the other hand, is strange - unless, of course, we imagine a context in 
which the reference for him is somehow fixed independently of the information 
contributed by this sentence. This, too, is predicted. If we QR no man within 
the relative clause, the pronoun remains free (even if it happens to bear the 
same index) :  

(5 ) 

DP 

� 
every NP 

S 

� 
problem CP 

� 
whl S 

3 

� 
DP 2 S 

kept him2 busy . . .  

/\ />----
no man t2 could VP 

/\ 
solve tl 
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This LF requires a context that assigns a referent to the index 2. If we wanted 
to get the pronoun bound, we would have to QR no man to the matrix S :  

(6) * S 

DP 2 S 

/\ 
no man DP 3 S 

� � 
every NP t3 VP 

� � 
problem ep kept him2 busy . . .  

� 
wht S 

/A 
t2 could VP 

/\ 
solve tt 

(6) would mean that there is no man who was kept busy all day by every 
problem he could solve. No such reading is available for (3 ) ,  and the prohibition 
against QR out of relative clauses correctly predicts this . 

The binding of the pronoun in (6) would probably be ruled out even if the 
long-distance application of QR to no man were legitimate. The reason is that 
the trace of no man fails to c-command him, so the co-indexing in (6)  also 
violates (at least some versions of) the Weak Crossover prohibition (for instance, 
our Binding Principle from chapter 10) .  LFs like (6) are thus ruled out redundantly. 
Still, we have independent evidence - namely, from judgments about the truth­
conditions of sentences like ( 1 )  (where pronoun binding does not play a role at 
all ! )  - that one of the reasons why (6) is ruled out is a constraint on QR. (6)  
would be impossible even if Weak Crossover did not apply here . 

Let us look at a couple more structures in which the scope of a quantifier 
phrase cannot be wide enough to allow the binding of a certain pronoun. (These 
cases, too, are redundantly excluded by Weak Crossover. )  

The simplest case of  this kind arises when the pronoun isn't even in  the same 
sentence as the quantifier. The highest adjunction site that we could possibly 
choose when we QR a DP is the root node for the whole sentence. It follows 
from this that bound-variable anaphora is a sentence-internal relation. Indeed, 
it is impossible to construe no boy as the antecedent of he in the text in (7) .  
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(7) No boy was invited. He complained. 

A similar situation arises in coordinate structures. There is some evidence that 
QR obeys the Coordinate Structure Constraint,! so that a quantifying DP in one 
conjunct of and, for instance, cannot take scope over the whole conjunction. 
This implies that it is also impossible for no boy to bind the he in the following 
variant. of (7) .  

(8) No boy was invited and he complained. 

Compare (7) with (9) .  

(9 )  John was invited. He complained. 

(7) doesn't have an anaphoric reading where no boy is the antecedent of he, but 
(9) is easily read with he anaphoric to John. This contrast is not mysterious 
from our present point of view. Due to the sentence-internal nature of QR, 

neither example permits a bound-variable construal for he. Hence both examples 
can only be read with he as a referring pronoun. In (9 ) ,  he may refer to the same 
individual as John, in which case the two DPs co-refer. In (7 ) ,  he cannot co-refer 
with no boy for the simple reason that no boy doesn't refer. 

So far, so good. But as we look at a wider range of examples, this simple 
picture will come to look insufficient. 

1 1 .2 Referential pronouns with quantifier 
antecedents 

Consider a variant of an example from Evans:2 

( 1 )  Only one congressman admires Kennedy. He is very junior. 

Only one congressman is not a referring DP. If we wanted to treat it as referring 
to an individual, we would l'lm into many of the familiar paradoxes afflicting 
such treatments ( see chapter 6) .  Therefore, only one congressman and he could 
not possibly co-refer. Nor should it be possible for he to be a bound variable 
co-indexed with the QR trace of only one congressman. Since the two are in 
separate sentences, there is no possible landing site for the quantifier phrase that 
would be high enough to c-commancl the pronoun. Yet our intuitions tell us that 
he can be read as anaphorically related to the antecedent only one congressman. 
How can this be, if neither co-reference nor variable binding are possible ? 
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The first response to this diiemma that comes to mind is that QR is perhaps 
less constrained than we have thought, after all. Perhaps the constraints that we 
reviewed above for DPs with the determiner no do not pertain to DPs in general. 
Could it be that some DPs, among them only one congressman, are able to take 
scope over whole multisentential texts ? 

We could implement this possibility by introducing a constituent T (for "text" ) 
that dominates all the Ss in a text. A suitable semantic rule for such T constitu­
ents is easy to state : 

(2) If <1>1 ,  • • •  , <1>" are Ss, and 'If is [T <1>\ • • •  , <l>R] , 
then ["'] = 1 iff for all i such' that 1 ::;; i ::;; n, [<I>i] = 1 . 

In other words, a text is interpreted as the conjunction of all its sentences. In 
( 1 ) , we could now apply QR in such a way that it adjoins only one congressman 
to T. And if Weak Crossover for some reason didn't apply here either, we could 
also co-index this DP with the pronoun he. The result would be an LF with the 
pronoun bound: 

(3 )  

DP 

� 
D N 

I I 
only one congressman 

T 

admires Kennedy is very junior 

(3 )  is interpretable and receives the following truth-conditions: [ (3 ) ]  = 1 iff there 
is only one element of D that is a congressman and admires Kennedy and is very 
junior. 

Does this solve our problem of accounting for the anaphoric reading in ( 1 ) ?  
No. As Evans pointed out, the truth-conditi��ls of ( 3 )  are not the intuitive truth­
conditions of the English text ( 1 ) . To see.;why not, imagine a situation in which 
two congressmen admire Kennedy, one of them very junior and the other one 
senior. The structure ( 3 )  is true in this state of affairs, since there is only one 
individual who is a congressman, admires Kennedy, and is very junior. Intu­
itively, however, someone who utters ( 1 )  under these circumstances has made a 
false assertion. ( 1 )  contains the assertion that only one congressman admires 
Kennedy; and this assertion is falsified by our scenario.  
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We conclude from this, with Evans, that our attempt to account for ( 1 )  by 
liberalizing syntactic constraints on QR and pronoun binding was misguided. 
Upon closer inspection, ( 1 )  actually supports these constraints. The fact that ( 1 )  
cannot have the meaning of ( 3 )  confirms that DPs with the determiner only one 
are subject to these constraints as well, no less than DPs with no. 

It's back, then, to our initial assumption that the scope of only one congress­
man is confined to the first sentence. We might as well forget again about T­
nodes and the rule for their interpretation, and assume that the text in (4) is 
represented at LF as a sequence of $<.i. 

(4) s 
� 

DP 1 S 

� � 
D N tl VP 

I I � 
only one congressman admires Kennedy 

S 

A 
he2 VP 

A 
IS very junior 

In (4 ) , he2 is a free variable . (And it would be just as free if we had insisted on 
writing hel instead. )  So it must be a referential pronoun. Can we argue that this 
prediction is correct? 

To do so, we have to answer three questions: (i) What does the pronoun refer 
to (on the intended reading) ? (ii) Does this assignment of reference lead to 
intuitively correct truth-conditions for each sentence in the text? (iii) How does 
the referent in question become salient enough to be available when the pro­
noun is processed? Regarding the third question, a somewhat vague and sketchy 
answer will have to do for us here. But concrete and precise answers to the first 
two are definitely our responsibility as semanticists . 

Here is a quick answer to question (i ) .  The pronoun he2 in (4) refers to the 
congressman who admires Kennedy. 

Here is a quick answer to question (ii ) .  The first sentence in (4) is true iff only 
one congressman admires Kennedy. Given that hel denotes the congressman 
who admires Kennedy, the second S in (4) is true iff the congressman who 
admires Kennedy is very junior. So for both sentences of (4) to be uttered truly, 
it must be the case that only one congressman admires Kennedy and that the 
congressman who admires Kennedy is very junior. This prediction accords with 
intuition. 

And here is a quick answer to question ( iii ) .  The congressman who admires 
Kennedy is a salient referent for the pronoun hel, because a hearer who has just 
processed the first sentence of text (4) will naturally be thinking about this guy. 
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These are basically the answers we will stick by, although there are some details 
to be made more precise. We said that the pronoun refers to the congressman 
who admires Kennedy. But what if there isn't one? Or if there are two or more? 
Taking these possibilities into account, we give the following more precise answer 
to question ( i ) :  When the text (4) is uttered on the "anaphoric" reading that is 
under consideration he�e, then the pronoun he2 refers to the congressman who 
admires Kennedy, if there is exactly one; otherwise it has no referent. In the 
latter case, the utterance context is not appropriate for (4) (in the technical sense 
of our Appropriateness Condition from chapter 9), and the second sentence in 
(4) gets no truth-value. A speaker might, of course, be using (4) in the false 
belief that there is exactly one congressman who admires Kennedy. But in that 
case, we are claiming, he acts just like a speaker who uses a pronoun demon­
stratively and points in a direction where he believes there is something to point 
at, when in fact there isn't. 

So what we are saying about truth-conditions is, more precisely, the follow­
ing. A speaker who uses (4) makes two consecutive utterances. The first one is 
true if only one congressman admires Kennedy, and false otherwise. The second 
one is neither true nor false if the first one was false. But if the first one was 
true, then the second one is true if the congressman who admires Kennedy is 
very junior, and false if he is not. 

Let's also take a second look at question (iii ) .  What causes the referent of he2 
(when it has one, and when this is the congressman who admires Kennedy) to 
be suitably salient? Clearly, the utterance of the sentence that precedes the 
pronoun (namely, Only one congressman admires Kennedy) plays a crucial role 
in this. We said that processing that sentence will make the listener think of this 
man. Why? Because the sentence Only one congressman admires Kennedy is in 
some sense "about" him. The appropriate notion of "aboutness" here cannot be 
defined very precisely. Crucially, we don't want to say that an utterance is only 
"about" an entity if that entity is the referent of one of its parts. There is no 
constituent in Only one congressman admires Kennedy which denotes the con­
gressman who admires Kennedy. The "aboutness" . relation is more indirect. The 
sentence, in effect, makes a claim about the cardinality of a certain set (namely, 
the intersection of congressmen and admirers of Kennedy).  When the claim is 
true, the set is a singleton and uniquely determines its sole member. Whatever 
the psychological details, it seems reasonable to assume that a listener who has 
just interpreted this sentence and imagined

" 
it to be true is therefore in a state 

of mind in which he readily guesses that the intended referent of the subsequent 
he2 may be the congressman who admires Kennedy. 

In a certain sense, then, quantifiers can serve as "antecedents" for referential 
pronouns. It is no longer mysterious now that there are perfectly grammatical 
and interpretable anaphoric pronouns whose quantificational antecedents do 
not c-command them at SS or at LF. In fact, we may have to wonder at this 
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point why we were able to find any confirmation at all for our earlier expecta­
tion that quantifiers could only antecede pronouns they c-command. Why, for 
example, did the examples we saw in section 1 1 . 1  give us that impression? 

(5)  Every problem that no man could solve kept him busy all  day. 

(6) No boy was invited and he complained. 

In (S) and (6) ,  there is just no anaphoric reading at all. How come? How do 
these differ from example ( i ) ?  

There seems to be a significant difference between no and only one. We can 
see this in minimal pairs like (6 )  versus (7 ) ,  or ( 1 )  versus ( 8 ) .  

( 7 )  Only one boy was invited and he  complained. 

( 8 )  No congressman admires Kennedy. I-le i s  very junior. 

When we choose no, anaphoric readings become impossible. The reason for this 
is actually quite transparent, given the story we have told about ( 1 ) .  If ( 8 )  had 
a reading analogous to the one in ( 1 ) , the pronoun he in ( 8 )  should also refer 
to the congressman who admires Kennedy. But in this case, it is not compatible 
with the truth of the first sentence that there is any such congressman. Whenever 
the first sentence of ( 8 )  is uttered truthfully, there is no congressman admiring 
Kennedy which the pronoun could possibly refer to. Nor is there any other 
person who is systematically brought to the attention of a listener who processes 
this negative claim (except, of course, Kennedy, who indeed is the only possible 
referent for "he" ,  when ( 8 )  is presented out of context) .  

If this approach i s  right, i t  i s  not the presence of  no per se  that prevents an 
anaphoric construal, but the meaning of the antecedent discourse as a whole. If 
the speaker denies the existence of the relevant potential referent in any other 
way than by using a sentence with no, the effect should be the same. If, on the 
other hand, a no DP is embedded in an utterance that doesn't amount to a 
denial of existence, anaphoric pronouns should become okay again. There is 
some evidence that these predictions are on the right track: 

(9)  I seriously doubt that there is a congressman who admires Kennedy. He . . .  
IS very JUlllor. 

( 10 )  I can't believe that I received no mail a t  all today. You stole it! 

"He" in (9) cannot be taken to refer to the congressman who admires Kennedy, 
whereas " it" in ( 10 )  can refer to the mail I received today. 



E-Type Anapho1'a 285 

Let us look at  a couple of other quantifiers besides "no" and "only one" .  

( 1 1 )  Every woman was invited. She was pleased. 

( 12 )  A woman was invited. She was pleased. 

( 1 1 )  does not allow any anaphoric reading. Without a context that independently 
furnishes a referent, it simply sounds incoherent. Can we explain why? Apparently 
an utterance of "Every woman was invited" strongly conveys the message that 
there were several women invited. The semantic analysis of "every" that we 
have assumed in this book does not predict this as part of the truth-conditions, 
and so we currently don't have an explanation for this intuition.3 But the intuition 
is clearly there, and this is all we need to know for the present purpose. Given 
that the first sentence in ( 1 1 )  evokes a scenario with multiple invited women, it 
is not suited to highlighting any individual woman as the intended referent. 
From the perspective of our approach to the previous examples, the use of "she" 
in ( 1 1 )  is infelicitous for essentially the same reason as when you utter "she" 
while pointing at a crowd. Indeed, this analogy is reinforced by the observation 
that ( 1 1 )  becomes a lot better when "She was pleased" is changed to "They 
were pleased" .  

Example ( 12 )  raises more dc:rlicate questions, which have been debated exten­
sively.4 The basic judgment i� that an anaphoric reading in ( 12 )  is naturally 
available. Can we analyze this reading in the same way as we analyzed the 
anaphoric reading in ( 1 )  (with "only one" ) ?  That is, can we say that the pro­
noun either refers to the unique woman who was invited (provided there is one) 
or else gets no value ? Many concrete uses of such sentences clearly fit this 
analysis . For example, suppose the topic of conversation is this year's party 
convention. Who will be the keynote speaker? In this context, if I utter ( 12) ,  

( 12 )  A woman was invited. She was pleased. 

you will understand me as claiming, first, that a woman was invited (to give the 
keynote address) ,  and second, that the woman who was invited was pleased . If 
you suspect that my first claim is false (perhaps because they invited a man, or 
perhaps because no invitation has been issued yet), then you will accordingly 
assume (just as the analysis predicts) tha(my use of "she" may not refer to 
anyone. The possibility that two or mori?women might have been invited probably 
doesn't even cross your mind, given the scenario we have specified. But it is not 
strictly inconceivable, of course, and we can examine our intuitions about this 
case as well. 

If two women were invited, then my use of "she" did not refer to an indi­
vidual who was the unique woman invited - that much is clear as a matter of 
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logic. But might it still have referred to somebody, perhaps to one of the two 
invited women? Under appropriate circumstances, this seems to be possible. 
Imagine, for instance, that you happen to find out not only that two women 
were invited, but also that one of the invitations occurred in my (the speaker of 
( 12l 's) presence, whereas the other one was issued secretly behind my back. In 
that case, you will conclude that my use of "she" referred to the woman whose 
invitation I witnessed. (And accordingly, your judgment about the truth of my 
second utterance will depend on whether this woman was pleased. )  

This kind of observation suggests that we should not commit ourselves to any 
simple-minded recipe for fixing the reference of pronouns which are, in some 
pre-theoretical sense, "anaphorically related" to quantificational antecedents. A 
large number of cases of this sort conform to a common pattern: the antecedent 
sentence is of the form "Det A B" ,  and the pronoun refers to the unique A that 
is B, if there is one, or else denotes nothing and causes presupposition failure. 
But it doesn't always have to work in this way. Reference resolution is a com­
plex cognitive task, and we have been aware all along that we could not provide 
rules for it, even when we were thinking only about run-of-the-mill deictic uses 
and cases of co-reference anaphora. 

What we have learned in this section is that there are anaphoric relations 
which are neither variable binding nor co-reference. If the approach we have 
indicated here is right, then the ways in which previous discourse can furnish 
a referent for a pronoun have to be varied and sometimes rather indirect. The 
pronoun does not always simply co-refer with its so-called antecedent. Often, 
the antecedent contributes to the fact that a referent is made available in a much 
more roundabout way, in concert with the message conveyed by the surrounding 
sentence, and with miscellaneous information about the speaker's grounds for 
her assertions . 

1 1 .3 Pronouns that are neither bound variables 
nor referential 

We have concluded that there are referential pronouns which have quantifiers 
as "antecedents " ,  in a certain sense. Although we had not thought of this 
possibility when we first discussed the distinction between referential and bound­
variable pronouns, its existence does not really challenge our theory. The Evans 
example (( 1 )  in section 1 1 .2} seemed at first to create a problem, but we were 
eventually able to argue that it could be accommodated without revising any of 
our syntactic or semantic assumptions. The examples we will look at next are 
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more recalcitrant. They contain pronouns which, for rather obvious reasons, 
cannot be considered referential and cannot be treated as bound variables.s 

There is, in fact, a general recipe for constructing this problematic type of 
example. Take a sentence that exhibits the kind of anaphoric dependency we 
saw in Evans's congressman sentence: 

( 1 )  Only one congressman admires Kennedy, and h e  i s  very junior. 

Introduce another pronoun into it. For instance, substitute a pronoun for the 
name "Kennedy" :  

(2) Only one congressman admires him and he is very junior. 

Finally, embed the whole thing in a construction in which this new pronoun is 
bound. For example: 

( 3 )  Every president thought that only one congressman admired him and he 
was very junior. 

We might have hoped that the analysis we developed for the "he" in the simpler 
original example would carry over to ( 3 ) .  But there is an obstacle. The "he" in 
( 1 ) , we argued, was a referential pronoun. Can the "he "  in ( 3 )  be referential as 
well? What would be its referent?  The congressman who admired Kennedy? The 
congressman who admired Johnson? The congressman who admired Reagan? No. 
None of these guys is the right choice. Whichever of them we take "he" to denote, 
the truth-conditions we then predict for ( 3 )  as a whole turn out different from 
the ones we intuitively understand. It seems that the denotation of "he" must 
be allowed to vary with the assignment somehow. But can "he" be a bound­
variable pronoun? Then what would it be bound by? The quantifier "only one 
congressman" ?  But we have argued at length that such an analysis makes wrong 
predictions in sentence ( 1 ) ,  and the argumentation carries over entirely to ( 3 ) .  

Here i s  another pair of  examples which illustrates the problem. Take (4 )  first. 

(4) John bought just one bottle of wine and served it with the dessert. 

(4) is similar to ( 1 )  above and can be accounted for along the same lines : it 
refers to the bottle of wine John bought. Tliis correctly accounts for the intuition 
that (4) implies that John served the tinique bottle of wine he bought with the 
dessert, and is not equivalent to "there is just one bottle of wine which John 
bought and served with the dessert" .  The latter could be true if John bought, 
say, five bottles, four of which he served before the dessert and one of which he 
served with it. But (4) is judged false in this case. 

But now look at ( 5 ) .  
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(5 )  Every host bought just one bottle of wine and served it  with the dessert. 

Here the same account no longer works. The argument against a bound-variable 
analysis of it carries over from (4) to (5 ) .  (5 )  does not have the truth-conditions 
of "for every host, there is just one bottle that he bought and served with 
dessert" . Otherwise it could be true if some of the hosts bought two or more 
bottles. The English sentence (5 )  is falsified by such circumstances. So (5 )  no 
more involves a bound-variable reading of the pronoun than does (4) .  But it in 
(5)  cannot be referential either. What could its referent possibly be? The bottle 
of wine that host John bought? If that were its reference, (5 )  should mean that 
every host bought just one bottle of wine and then served the one that John 
bought for dessert. The actual truth-conditions of (5 )  are not of the form "every 
host bought just one bottle of wine and served x for dessert" ,  for any x E D. 

So there are some pronouns that are neither free variables nor bound vari­
ables. Let's call them "E-Type pronouns" .  6 Our current theory interprets all 
pronouns as (bound or free) variables; so it plainly denies their existence. We 
will have to make some substantive revision. So far, we only have a label and 
a negative characterization. What are E-Type pronouns ? What is their syntactic 
representation and their semantic interpretation? 

1 1 .4 Paraphrases with definite descriptions 

We begin with an observation: E-Type pronouns can always be paraphrased by 
certain definite descriptions. For instance, (5 )  in section 1 1 .3  on the relevant 
reading is truth-conditionally equivalent to ( 1 ) .  

( 1 )  Every host bought just one bottle o f  wine and served the bottle of wine he 
had bought with the dessert. 

Of course, a paraphrase is not yet a semantic analysis . But it may help us find 
one. Let us first consider in detail how the paraphrase in ( 1 )  is interpreted, and 
return to the original sentence with the pronoun in the following section. 

What is the LF of ( 1 ) ?  Evidently, every host has scope over everything else in 
the sentence and binds the pronoun he. We have also seen that just one bottle 
of wine does not take scope over the conjunction and. Since and here conjoins 
two VPs, and the scope of just one bottle of wine is confined to the left conjunct, 
there has to be an adjunction site for QR at or below the VP level. As discussed 
in chapter 8, we can solve this problem by assuming VP-internal subjects.7 The 
SS of ( 1 )  is then something like (2) (making obvious abbreviations) .  



(2) 

E-Type Anaphora 

s 

� 
DP 1 S /\ � 

every host VP and VP 

� �  
bought DP tl served-with-dessert DP 

A � 
just one bottle the NP 

� 
bottle CP 

� 
wh3 S 

289 

� 
hel bought t3 

In deriving an interpretable LF from this, we need not move every host fur­
ther (its index already binds the pronoun), but we must QR just one bottle. 
So the LF is (3 )  (omitting the internal stucture of the definite DP, which stays 
as in (2) ) .  

(3 )  S � 
DP 1 S 

/\ � 
every bost VP and VP 

� �  
DP 2 VP tt served-with-dessert DP 

A /A � 
just one bottle tt bought t2 the NP 

� 
bottle CP 

� 
wh3 S 

� 
het bought t3 
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We sketch the most important steps in the semantic interpretation of this structure: 

[(3 )] = 1 
iff 

for every host x, [ [vl' [vr ' • • • • ] and [VI' • • • • • ]]]I l .... x] = 1 
iff 

for every host x, 
[just one bottle 2 [tl bought t2lD1l .... X] = 1 
and [tl served . . .  the bottle hel bought]ll .... x] = 1 

iff 
for every host x, 
there is just one bottle y such that [tj bought t2D[ I  .... x. 2-» '] = 1 
and x served . . .  [the bottle hel bought]ll .... x1 

iff 
for every host x, 
there is just one bottle y such that x bought y 
and x served . . . the bottle x bought. 

1 1 .5 Cooper's analysis of E-Type pronouns 

We have considered the analysis of the definite description paraphrase and have 
seen an LF that correctly expresses its truth-conditions. Let us now return to our 
original example with the pronoun, ( 1 ) .  

( 1 )  Every host bought just one bottle o f  wine and served it with the dessert. 

( 1 ) , we have noted, has the same truth-conditions we have just calculated. Can 
we devise an analysis for the E-Type pronoun which will yield this prediction? 

One thing is clear. If the pronoun it  in (1)  is to have the same interpretation 
as the DP the bottle hel bought, then the LF representation of it has to contain 
an occurrence of the variable 1 .  Otherwise, the semantic value of the E-Type 
pronoun could not possibly vary with the value of that variable. It would not 
be able to denote different bottles of wine for different choices of host. It is also 
clear that the variable 1 cannot be the only meaningful constituent in the LF of 
it. The semantic values of it as a whole are not hosts, but bottles . 

Here is an analysis due to Robin Cooper. B Cooper proposes, in effect, that the 
LF representation of an E-Type pronoun consists of a definite article and a pre­
dicate that is made up of two variables. The first variable is of type <e,<e,t» 
and remains free in the sentence as a whole. The second variable is of type e, 
and typically gets bound in the sentence (in our example, that is the variable 1 ) .  
We may think of  these variables a s  unpronounced pro-forms. We will use the 
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notation Rj for the type <e,<e,t» variable and prOj for the type e variable 
(where i in each case is an index) . The syntactic representation of an E-Type 
pronoun then looks like this: 

. 

(2) DP 

A 
the NP 

/\ 
N DP 

I I 
We have little to say about the syntactic or morphological side of the analysis. 
Let us simply assume that DPs which consist of a definite article followed by 
nothing but unpronounced items will always be spelled out as pronouns. For 
instance, (2) may become it.9 

How are such structures interpreted ?  The basic idea is that the R variable 
receives a denotation from the context of utterance. In this respect, it is like a 
referential pronoun - except that it has a different semantic type, and therefore 
it requires that the context specify not a salient individual, but a salient 2-place 
relation. In the example at hand (sentence ( 1 )  under the intended reading), the 
R variable denotes the relation which holds between people and bottles they 
have bought. (More accurately, it denotes the function [Ax E D . Ay E D . y is 
a bottle that x bought] . l0) This relation (function) will have been made salient 
to the hearer as a result of his or her processing the first conjunct of the VP in 
( 1 ) , the predicate bought just one bottle. It will therefore be a natural candidate 
for the value of the free R variable in the second conjunct. Given this choice of 
value for the node R7, the rest of the interpretation of structure (2) will be 
straightforward. By Functional Application and the entry for the, the denotation 
of (2) under an assignment g turns out to be the (unique) bottle bought by g( 1 ) . 
We will spell all this out more precisely right below. 

To summarize Cooper's proposal, an E-Type pronoun is a definite description 
with an unpronounced predicate . The predicate is complex, and crucially con­
tains a bound variable as well as a free variable. The free variable is essentially 
a relational noun (like "father" ) , except that its semantic value is not fixed 
lexically, but depends entirely on the utterance context. (It also is not restricted 
to semantic values which happen to be expressible by lexical items or constitu­
ents of the language. For instance, in our example the R variable is interpreted 
as "bottle-bought-by" ,  but this is presumably not a well-formed constituent in 
English. )  The bound variable serves as the free variable's argument, and it will 
typically be co-indexed with other bound variables in the larger structure. As a 
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result, the E-Type pronoun's value co-varies systematically with the values of 
other variables in the sentence. ( In our example, the bottle assigned to it varies 
with the person assigned to the QR trace of every host. ) The proposal explains 
why an E-Type pronoun can be paraphrased by an explicit definite description. 
The explicit description and the E-Type pronoun are interpreted alike, except 
that the E-Type pronoun relies on context where the explicit description relies 
on lexical meaning. 

To implement this analysis in our semantic theory, we don't need to make any 
real changes. We just have to make sure that our formulation of certain rules 
and principles covers higher-type variables as well as those of type e. First, let's 
assume that an index is not merely a number, but a pair of a number and a 
semantic typeY So the tree we gave in (2) is really an abbreviation of ( 3 )  below. 

( 3 )  DP 

� 
the NP 

� 
N DP 

I I 
R<7,<c,<c, t» > pro<l,c> 

(Of course, we will get away with the abbreviated versions for all practical 
purposes, since the types in interpretable structures are always predictable from 
the environment. ) A variable assignment is then defined as follows: 

(4) A partial function g from indices to denotations (of any type) is a (variable) 
assignment iff it fulfills the following condition: 
For any number n and type 't such that <n,'t> E dom(g), g(n,'t) . E Dt• 

Now our so-called Pronouns and Traces Rule should really be called "Pro-forms 
and Traces Rule" ,  and be formulated as follows : 

(5 )  Pm-forms and T1'IJces 
If a. is pro-form or trace, i is an index, and g is an assignment whose 
domain includes i, then [a.j]g ;::: g(i ) .  

The Appropriateness Condition for utterances can stay as it is (cf. section 9 . 1 .2) :  

(6 )  Appropriateness Condition 
A context c is appropriate for an LF <I> only if c determines a variable 
assignment ge whose domain includes every index which has a free occurrence 
in <1>. 
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This formulation automatically covers the indices of our free R variables and 
ensures that they receive values of the appropriate type from the context. 

This is all we need for a precise analysis of our example. The LF we propose 
for ( 1 )  is (7) below. 

(7) s 
� 

OP 1 S 

/\ 
every host VP and VP 

� �  
OP 2 I VP tl served-with-dessert OP 

A /A A 
just one bottle tl bought t2 the NP 

A 
N OP 

I I 
R7 prol 

The utterance context c in which (7) is uttered specifies the following assignment 
gc: 

( 8 )  gc := [7  -7 AX e O .  Ay e D . y i s  a bottle that x bought] 

By appropriate calculations (for the most part parallel to those we sketched in 
section 1 1 .4 above) ,  we determine that the utterance of (7)  in the context c is 
true iff every host bought just one bottle and served the bottle he bought with 
dessert. 

1 1 .6 Some applications 

Given the existence of E-Type pronouns, our grammar now predicts a great deal 
of structural ambiguity for every surface sentence that contains one or more 
pronouns. Not only are there often multiple choices of well-formed and inter­
pretable indexings, but each pronoun can in principle be either a simple variable 
or a complex structure. We have not placed any syntactic constraints on the 
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generation of E-Type pronouns, and thus there should be E-Type readings for 
pronouns all over the place. Is this a problem? 

A little reflection shows that an E-Type interpretation of a given pronoun will 
generally be indistinguishable from a referential interpretation, unless the pro­
noun is in the scope of a quantifier. Consider an example which illustrates this 
point. Before we were persuaded that we needed E-Type pronouns, we looked 
at examples like ( 1 ) .  

( 1 )  Only one congressman admires Kennedy. He is very junior. 

The be in ( 1 ) , we argued, could be represented as a simple free variable, to 
which the utterance context assigned the congressman who admires Kennedy. 
But nothing stops us now from generating another LF in which be is an E-Type 
pronoun witb the structure the [Ri proj] .  We even have good reason to believe 
that such an LF would be easy to interpret, since a context in which ( 1 )  as a 
whole is uttered will naturally furnish a salient referendor proj (namely, Kennedy) 
and a salient referent for Ri (namely, the relation between people and the 
congressmen that admire them) .  Given these choices of values, the structure the 
[Ri proj ] will denote the congressman who admires Kennedy. So the overall 
interpretation is the same as on our original analysis. In general, when all the 
variables contained in an E-Type pronoun happen to be free variables, the 
pronoun as a whole receives a fixed referent (if it is interpretable at all ) .  In that 
case, we can always give an alternative analysis on which this referent is directly 
assigned to a simple free variable pronoun. It is not surprising, therefore, that 
we needed to turn to examples containing a higher quantifier in order to get 
evidence for the existence of E-Type pronouns in the first place. 

We assume that the coexistence of multiple analyses for examples like ( 1 )  is 
harmless. Presumably, when listeners process utterances, they will first consider 
simpler parses and entertain more complex ones only when forced to. So if there 
is a highly salient suitable referent for a simple individual variable (as in para­
digm examples of deictic uses or of co-reference anaphora) ,  the listener will have 
no motivation to try out the E-Type analysis. With an example like ( 1 ) ,  it is less 
evident that the single variable analysis is simpler than tlle E-Type analysis from 
a processing point of view. We leave this as an empirical question. Our main 
point here is that the free generation of E-Type pronouns in all sorts of environ­
ments does not appear to give rise to unattested readings. 

There is even some direct empirical evidence that pronouns which are not in 
the scope of quantifiers can have E-Type analyses . Consider our earlier example 
with an elliptical continuation. 

(2) John bought just one bottle of wine and served it with the dessert. Bill did 
too. 
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(2) allows ( in fact, strongly favors ) a sort of "sloppy" reading, on which the 
second sentence means that Bill bought just one bottle and served the bottle 
that he, Bill, bought with the dessert. " Given our assumptions about ellipsis in 
chapter 9, this reading calls for an E-Type analysis of it. We leave it to the reader 
to spell out the argument, as well as to explore more systematically what the 
existence of E-Type pr<?nouns implies for the emergence of strict and sloppy 
readings under ellipsisY 

Cooper's analysis of E-Type pronouns has been successfully applied to a variety 
of examples of great notoriety. We will conclude the chapter with a few brief 
illustrations. 

' 

The so-called donkey sentences were brought to the attention of modern 
linguists through the discussion of Geach. 13 The typical donkey sentence has an 
indefinite DP in an "if" clause or relative clause, and a pronoun anaphoric to 
it in the main clause. Geach's original examples are (3) and (4) .  

(3 )  If  a man owns a donkey, he beats it. 

(4) Every man who owns a donkey beats it. 

(5)  Nobody who owns just one computer keeps it at home. 

Much of our discussion from the previous sections obviously carries over to 
these examples . It is easy to see, for instance, that the it in (5 )  cannot be a 
referential pronoun (there is no contextually given computer it refers to) ,  and 
that it can also not be a bound-variable pronoun (the sentence does not have 
the truth-conditions that would result from giving just one computer wide enough 
scope to bind the pronoun) .  A definite description paraphrase ( " it" = " the 
computer that he or she owns" )  captures the intended reading, and it makes 
transparent that the pronoun's value must vary with the value of the QR trace 
of the "no"  DP. Cooper's analysis exploits the plausible assumption that the 
phrase "nobody who owns just one computer" is suited to make salient the 
relation between people and their computers. We leave it to the reader to spell 
out the LF and interpretation of (5 )  in more detail. 

Another staple of the literature on pronouns are the "paycheck" sentences. 
Here is Jacobson's edition of Karttunen's classic example.14 

(6) A woman who puts her paycheck in a federally insured bank is wiser than 
one who puts it in the Brown Employees' Credit Union. 

The it cannot be referential, since it denotes no particular, contextually salient 
paycheck. It can also not be a bound variable, since there is no possible binder 
high enough in the structure. QR'ing the "antecedent" her paycheck all the way 
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out of its relative clause to a position c-commanding it is definitely not an option, 
since that would leave the her unbound. Cooper's E-Type analysis applies natur­
ally. Let it be represented as the [Ri proJ, where j is co-indexed with the relative 
pronoun (in the second relative clause), and i is mapped to the relation between 
people and their paychecks, which has plausibly been brought to salience with 
the earlier mention of paychecks. 1 5  

An interesting extension of Cooper's analysi� of paycheck sentences was de­
veloped in Jacobson's study of the so-called Bach-Peters .paradox.16 An example 
is (7 ) .  

( 7) Every boy who deserved it got the prize he wanted. 

Bach and Peters had observed that there was no possible LF for this sentence 
in which both pronouns could be bound. Either every boy who deserved it 
c-commands he, or the prize he wanted c-commands it, but not both. Even if 
we disregard all syntactic constraints on movement and indexing, it is strictly 
impossible to derive from (7) an interpretable LF with no free variables. Jacobson 
argues that in every example of this kind, one of the pronouns is not a bound­
variable pronoun, but an E-Type pronoun. In (7) ,  for example, the he is bound 
by the every DP, but the it can be represented as the [Ri proJ , where the pro 
is co-indexed with the trace of who, and the R variable refers to the relation 
"prize-wanted-by" (the relation between boys and the prizes they want) . As 
Jacobson shows, this analysis makes sense of the distribution of possible deter­
miners in these "paradoxical" sentences, as well as of syntactic constraints on 
the relations between pronouns and antecedents . 

Cooper's E-Type analysis also throws light o'n many examples with pronouns 
whose antecedents are in the scope of modal verbs and adverbs and of pro­
positional attitude verbs. These including the "fish" sentences discussed since 
the late 1 960s17 and the cases of so-called modal subordination. IS 

( 8 )  John wants to  catch a fish and eat i t  for dinner. 

(9) A wolf might come in. It would eat you first. 

Like the pronouns we have discussed in this chapter, the occurrences of " it" in 
( 8 )  and (9)  are not in suitable configurations to be bound by their "antecedents" ;  
nor would such an analysis (even if  permitted by syntax) represent their intuitive 
truth-conditions . And they also cannot be simply referential, for which fish or 
which wolf would be the referent? There may not even be any fish or wolves 
at all, yet ( 8 )  and (9) can be true. The solution, in a nutshell, exploits the fact 
that want, might, and would are quantifiers (namely, quantifiers over possible 
worlds) .  Once this is made explicit, the examples reveal a structure similar to 
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the ones we have analyzed here. For example, ( 8 )  means that every possible 
world w in which John gets what he wants is such that he catches a fish in w 
and eats the fish he catches in w '  for '({inner in w. This is just a vague hint at 
an analysis, but we cannot do much more in the absence of a real analysis of 
sentence-embedding verbs and modals. Largely, that is beyond the scope of this 
book, though you will ,get a first taste �n the next chapter. 
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1 2  First Steps Towards an 
Intensional Semantics 

In chapter 2, we made a move that cost us some effort to sell to our readers . 
We identified the denotations of sentences with their actual truth-values. We put 
potential protests to rest by demonstrating that the resulting extensional theory 
as a whole was still able to pair sentences with their truth-conditions. While 
sticking to an extensional semantics, we managed to develop a theory of meaning. I 

In this chapter, we will have to face the limitations of the extensional framework 
we have been working in up to now. We will see that it breaks down in certain 
contexts, a fact that Frege was well aware of Fortunately, a minor change in 
the semantic system will repair the problem (at least to a certain extent), and 
most of what we have learned will stay intact. 

12.1 Where the extensional semantics 
breaks down 

One of the basic assumptions underlying our semantics has been that the extension 
of a complex expression can be computed from the extensions of its parts in a 
stepwise fashion, using no more than a handful of composition principles. While 
this assumption was correct for the examples we have discussed so far, it is plain 
wrong for examples of the following kind. 

( 1 )  Mary believes J a n  is loyal. 

(2)  Mary believes Dick is  deceitful. 
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( 1  ' ) s 

� 
DP VP 

I � 
Mary V S 

I A 
believes DP VP 

1 /\  
Jan V AP 

I I 
is A 

I 
loyal 

(2' ) S 

� 
DP VP 

I � 
Mary V S 

I A 
believes DP VP 

1 /\  
Dick V AP 

I I 
IS A 

I 
deceitful 

Here is the problem. Our type-driven interpretation system implies that in the 
two trees above, the denotations of the higher VP-nodes are computed from the 
denotations of the matrix V-nodes and the denotations of the embedded S-nodes 
by the same mode of composition. The two V-nodes dominate the same lexical 
item, hence are assigned the same denotation. The two S-nodes both denote a 
truth-value. Suppose now that in the actual world, Jan is indeed loyal, and Dick 
deceitful; that is, [Jan is loyal] = [Dick is deceitful] = 1. Consequently, the two 
embedded S-nodes have the same denotation, and we predict that [ [v.believes 
[,Jan is loyal] ] ]  = [ [V!'believes [sDick is deceitful] ] ], and [Mary [v.believes [,Jan 
is loyal] ] ]  = [Mary [vl'believes [sDick is deceitful] ]]. This isn't a welcome prediction, 
though, since Mary may believe that Jan is loyal without believing that Dick is 
deceitful (and vice versa). 

We want to say that sentences embedded under believe are nonextensional 
contexts . Nonextensional contexts are also called "oblique" ,  "opaque",  or "in­
direct" .  Other words that create nonextensional contexts include the verbs hope, 
fear, look (as in look smart), seem, seek, the adjectives alleged or fake, the prep­
osition about, the connective because, and modal words of various categories 
like must, may, probably, obviously, provable, and permissible. 

Exercise 

Show that alleged , seem, might, about, and because create nonextensional 
contexts. Demonstrate this by constructing compositional ity arguments of the 
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sort we have just g iven for believe. Note that nonextensional contexts do  not 
have to be sentential . The nonextensional context created by al leged is the 
modified noun phrase:  for example, ·' son of a sphinx in al leged son of a 
sphinx. 

12.2 What to do: intensions 

Frege proposed that in opaque contexts, expressions denote their Sinn (sense) .  
But what is  a Fregean Sinn? Recall the quote from Dummett in chapter 2 that 
addresses a frequently voiced complaint about Frege being rather vague as to 
what the senses of expressions are: 

It has become a standard complaint that Frege talks a great deal about the 
senses of expressions, but nowhere gives an account of what constitutes such 
a sense. This complaint is partly unfair: for Frege the sense of an expres­
sion is the manner in which we determine its reference, and he tells us a 
great deal about the kind of reference possessed by expressions of different 
types, thereby specifying the form that the senses of such expressions must 
take. . . .  The sense of an expression is the mode of presentation of the 
referent: in saying what the referent is, we have to choose a particular way 
of saying this, a particular means of determining something as a referent.3 

The Fregean sense of an expression, then, is the mode of presentation of 
its extension (reference, Bedeutung) . It's a particular means of determining 
the extension. But what kind of formal object is a "means of determining an 
extension" ?  It could just be a linguistic expression - an expression of set theory, 
for example. Or it could be an algorithm computing the values of a function for 
arbitrary arguments. Different expressions might specify the same set, and different 
algorithms might compute the same function. Expressions of set theory and 
algorithms, then, are means of determining extensions. But there are other, more 
abstract possibilities . One was proposed by Rudolf Carnap, a student of Frege's.4 
Here is the idea . 

The truth of a sentence depends on the circumstances. It's now true that you 
are in Amsterdam, but in a little while, 'that's not going to be the case any more. 
And if circumstances had been different, you might never have left your native 
Buffalo at all. 

The extension of a predicate depends on the circumstances as well. You are 
a member of the garden club, but you haven't always been, and you might never 
have joined. Quite generally, then, the extension of an expression depends on 
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possible circumstances . An intension in Carnap's sense is something that deter­
mines how extensions depend on possible circumstances. David Lewis tells us 
where to go from there: 

What sort of things determine how something depends on something else? 
Functions, of course; functions in the most general set-theoretic sense, in 
which the domain of arguments and the range of values may consist of 
entities of any sort whatsoever, and in which it is not required that the 
function be specifiable by any simple rule. We have now found something 
to do at least part of what a meaning for a sentence, name, or common 
noun does: a function which yields as output an appropriate extension 
when given as input a package of the various factors on which the exten­
sion may depend. We will call such an input package of relevant factors 
an index; and we will call any function from indices to appropriate exten­
sions for a sentence, name, or common now} an i1ttension.s 

A (Carnapian) intension,6 then, is a function from indices to appropriate 
extensions. To simplify matters in this introductory text, let us neglect all index 
dependence except for dependence on possible worlds. That is, we will neglect 
temporal dependence, speaker dependence, and what have you. For our limited 
purposes here, then, (Carnapian) intensions are functions from possible worlds 
to appropriate extensions. The intension of a sentence is a function from possible 
worlds to truth-values . The intension of a i-place predicate is a function that 
maps possible worlds into characteristic functions of sets of individuals, etcetera. 
If you wonder about possible worlds, here is what David Lewis says about them: 

The world we live in is a very inclusive thing. Every stick and every stone 
you have ever seen is part of it. And so are you and I. And so are the 
planet Earth, the solar system, the entire Milky Way, the remote galaxies 
we see through telescopes, and (if there are such things) all the bits of 
empty space between the stars and galaxies. There is nothing so far away 
from us as not to be part of our world. Anything at any distance at all 
is to be included. Likewise the world is inclusive in time. No long-gone 
ancient Romans, no long-gone pterodactyls, no long-gone primordial clouds 
of plasma are too far in the past, nor are the dead dark stars too far in 
the future, to be part of the same world. . . . 

The way things are, at its most inclusive, means the way this entire 
world is. But things might have been different, in ever so many ways. This 
book of mine might have been finished on schedule. 01; had I not been 
such a commonsensical chap, I might be defending not only a plurality of 
possible worlds, but also a plurality of impossible worlds, whereof you 
speak truly by contradicting yourself. Or I might not have existed at all 
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- neither myself, nor any counterpart of me. Or there might never have 
been any people. Or the physical constants might have had somewhat 

different values, incompatible "';;-ith the emergence of life. Or there might 
have been altogether different laws of nature; and instead of electrons and 
quarks, there might have been alien particles, without charge or mass or 
spin but with alien physical properties that nothing in this world shares. 
There are ever so many ways that a world might be: and one of these 
many ways is the way that this world is.7 

12.3 An in tensional semantics 

In this section, we will develop a semantic system that allows denotations to be 
(Carnapian) intensions, and we will show that such a system solves the problem 
we ran into at the beginning of this chapter. 

There are various intensional frameworks in the possible worlds tradition that 
you find in the literature . 8 The framework we chose here for illustration is a 

conservative extension of the extensional semantics we have been working with 
all along. We start out with a recursive definition of an intensional system of 
semantic types (Montague's), which will be followed by a parallel definition of 
a typed system of semantic domains. 

( 1 )  Recursive definition of semantic types 
(a) e is a type. 

(2) 

(b) 
(c) 
(d) 

(e) 

t is a type. 

If a and b are types, then <a,b> is a type. 

If a is a type, then <s,a> is a type. 
Nothing else is a type. 

Semantic domains 
Let W be the set of all possible worlds. Associated with each possible 
world w is the domain of all individuals existing in w. Let D be the union 

of the domains of all possible worlds . That is, D contains all individuals 
existing in the actual world, but also. all individuals existing in any of the 

merely possible worlds. It is the ;set of all possible individuals . The set of 

intensional domains is now defined as follows :  
(a) Dc = D 
(b) Dr = (0, l J  
(c) If a and b are semantic types, then D <a,b> is the set of all functions 

from Da to Db-
(d) If a is a type, then D<s,a> is the set of all functions from W to Da. 
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In addition to our familiar extensions, we now have intensions. The domain 
D<s,t> contains all functions from W to {O, 1 } ,  for example: that is, all characteristic 
functions of subsets of W. Possible world semanticists take such functions to be 
the formal construals of propositions. Construing propositions as characteristic 
functions of sets of possible worlds is natural, as emphasized in the following 
statement by Robert Stalnaker: 

The explication of proposition given in formal semantics is based on a very 
homely intuition: when a statement is made, two things go into determining 
whether it is true or false. First, what did the statement say: what prop­
osition was asserted? Second, what is the world like: does what was 'said 
correspond to it? What, we may ask, must a proposition be in order that 
this simple account be correct? It must be a rule, or a function, taking us 
from the way the world is into a truth value. But since our ideas about 
how the world is change, and since we may wish to consider the statement 
relative to hypothetical and imaginary situations, we want a function tak­
ing not just the actual state of the world, but various possible states of the 
world into truth values. Since there are two truth values, a proposition will 
be a way - any way - of dividing a set of possible states of the world into 
two parts : the ones that are ruled out by the truth of the proposition, and 
the ones that are not.9 

Let us look at some examples of lexical entries. Following Montague, we will 
relativize the interpretation function to a possible world and an assignment 
function. As before, we can drop reference to an assignment when the choice of 
assignment doesn't matter, since we define for any possible world w, and any 
expression a: 

We now have: 

(4) Names 
For any possible world w: 
[JanUw = Jan. 
[Ann]W = Ann. 
etc. 

Following Saul Kripke, we treat proper names as rigid designators. lo Their 
reference is picked out in the actual world, and they denote the same individual 
that was so picked out in every possible world.u Proper names, then, differ from 
definite descriptions like the cold est winter, which may denote different winters 
in different possible worlds. 
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The extensions of predicates may vary depending on the circumstances as 
well: 

(5)  Easy predicates 
For any possible world w: 
[smokeEw = AX E D . x smokes in w 
[loveEW = AX E D . [AY E D . y loves x in w] 
[catEW = AX E D . x is a cat in w 
etc. 

Nothing exciting happens with quantifiers . Their extension does not depend on 
the circumstances, but for reasons of generality, we carry the world parameter 
along, as we did with proper names: 

(6 )  Determiners 
For any possible world w: 
[every]W = Af E D<c,t> . [log E D<c,t> ' for all x such that f(x) = 1 ,  g(x) = 1 ]  
etc. 

The fragment we have been building does not yet require any new composition 
rules . The ones we already have in place will do, except that the interpretation 
function depends now not just on an assignment, but also on a possible world. 
Both parameters have to be schlepped along as the interpretation machinery 
works its way through a given tree. Assignments, too, are what they used to be: 
partial functions from the set of natural numbers to D (but D has changed, of 
course) .  

Consider now the attitude verbs believe, know, hope, and so on. As a starting 
point, we will pursue an approach (in the spirit of Hintikka12 ) that has it that 
the content of an attitude can be characterized by a set of possible worlds: 
namely, those that are compatible with the attitude. Here is how David Lewis 
illustrates this rather simple idea: 

The content of someone's knowledge of the world is given by his class of 
epistemically accessible worlds. These are the worlds that might, for all he 
knows, be his world; world W is one of them iff he knows nothing, either 
explicitly or implicitly, to rule outI the hypothesis that W is the world 
where he lives. Likewise the content of someone's system of belief about 
the world (encompassing both belief that qualifies as knowledge and belief 
that fails to qualify) is given by his class of doxastically accessible worlds .  
World W is  one of those iff he believes nothing, either explicitly or impli­
citly, to rule out the hypothesis that W is the world he lives. 

Whatever is true at some epistemically or doxastically accessible world 
is epistemically or doxastically possible for him. It might be true, for all 
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he knows or for all he believes. He does not know or believe it to be false. 
Whatever is true throughout the epistemically or doxastically accessible 
worlds is epistemically or doxastically necessary; which is to say that he 
knows or believes it, perhaps explicitly or perhaps only implicitly. 

Since only truths can be known, the lmower's own world always must 
be among his epistemically accessible worlds. Not so for doxastic access­
ibility. If he is mistaken about anything, that is enough to prevent his own 
world from conforming perfectly to his system of beliefY 

Lexical entries for attitude verbs will accordingly look as follows: 

(7) Attitude verbs 
For any possible world w: 
[believeDw = AP E D<" r> ' [AX E D . p(w' ) = 1, for all w' E W that are 

compatible with what x believes in w] 
[knowD'" = AP E D<" r> ' [AX E D . p(w' ) = 1 ,  for all w' E W that are 

compatible with what x knows in w] 
[hopeDW = AP E D<" r> ' [AX E D . p(w' ) = 1 ,  for all w' E W that are 

compatible with what x hopes in w] 

What a person believes, knows, or hopes can vary from one possible world to 
another. The world parameter in the lexical entries for attitude verbs matters, 
then, as it does for most other predicates. For example, we can't simply write 
"w is a world where Mary's hopes come true" unless we mean: "w is a world 
where those hopes come true that Mary has in the actual world" .  Otherwise, 
we must make explicit which world we are talking about; that is, we must write 
things of the form: "w' is a world where Mary's hopes in w come true" .  

For Mary to believe that p i t  i s  not sufficient that p b e  true i n  some world 
that is compatible with what she believes . If her belief worlds include worlds 
where p is true as well as worlds where p is false, then she is agnostic as to 
whether or not p.  Likewise for the other attitude verbs. 

We can say that a possible world having such and such properties is com­
patible or incompatible with what Mary believes, or that w is a world where 
Mary's hopes come true. But never say things like "Mary hopes to be in w",  
"Mary believes that she is  in w",  "Mary knows that she is  in w" .  Taken literally, 
these make sense only if Mary is so choosy that there is only one possible world 
that satisfies her desires, or so opinionated that just one possible world con­
forms to her beliefs, or omniscient. The same objection applies to locutions like 
" the world according to Mary",  "the world of her dreams" ,  "the world she 
thinks she lives in" ,  etcetera. We talk this way when we are not semanticists, 
but it doesn't make literal sense within the present theoretical fralliework. If 
we don't want to commit ourselves to such unrealistic assumptions, we have 
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to express ourselves in a way that makes it  dear that actual desires, beliefs, 
etcetera, pick out sets of worlds. For instance, we might write: "w is a world 
where Mary's hopes come true" ,  "w is a world that conforms to everything 
Mary believes" ,  - "what Mary knows is true in w" . 

Attitude verbs denote functions that apply to propositions. But so far, our 
interpretation procedure doesn't yet deliver any propositions, nor intensions of 
any other kind. Look at what happens when we try to interpret sentence ( 8 ) :  

( 8 )  Mary believes J an  i s  loyal. 

( 8 ' )  S 

� 
DP VP 

I � 
Mary V S 

I A 
believes DP VP 

1 /\  
Jan V AP 

I I 
is A 

I 
loyal 

We have for any possible world w: 

(a) [Mary [v.believes [sJan is loyalmW = (FA) 
(b) [believes [sJan is loyalJBw ([Mary]W) = ( lexical entry Mary) 
(c) [believes [sJan is loyal]]W (Mary) 

We are stuck. The denotation of the verb believes applies to a proposition: that 
is, an intension of type <s,t>. The interpr,etation system, however, provides only 
[Jan is loyal]IV, which is a denotati9P of type t, hence a mere truth-value: 1 if 
Jan is loyal in w, and 0 otherwise. Here is the proof: 

[Jan is loyal]'Y 
[is loyal]W ([Jan]W) 
[loyal]'Y (Jan) 
[A. x E D . x is loyal in w] (Jan) .  

= (FA) 
= (lexical entry Jan and emptiness of is) 
= (lexical entry loyal) 
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By the definition of the A-notation, [AX E D . x is loyal in w] (Jan) = 1 iff Jan 
is loyal in w. 

To make sure that the lexical requirements of the verb believes can be met, 
we introduce an additional composition principle: Intensional Functional Applica­
tion (IFA): 14 

' 

(9)  Intensional Functional Application (IFA) 
If a is a branching node and (�, yl the set of its daughters, then, for any 
possible world w and any assignment a, if [�]W,. is a function whose domain 
contains AW' . [y]W',., then [a]W" = [�]W'" (AW' . [y]W',") . 

We can now continue our computation at the point where we got stuck: 

(c) [believes [sJan is 10yal]]W (Mary) = (by IFA) 
(d) [believes]\\' (AW' . [Jan is loyal]w' ) (Mary) = (by previous computation) 
(e) [believes]W (AW' . Jan is loyal in w') 

(Mary) = (by lexical entry believe) 
(f) [Ap E D<s,t> . [AX E D . p(w' ) = 1, 

for all w' E W that are compatible 
with what x believes in w]] (AW' . 
Jan is loyal in w') (Mary) = (by definition of A-notation) 

(g) [h E D . [AW' . Jan is loyal in w'] 
(w') = 1 ,  for all w' E W that are 
compatible with what x believes in w] 
(Mary) = (by definition of A-notation) 

(h) [AX E D . Jan is loyal in w', for all 
w' E W that are compatible with 
what x believes in w] (Mary) . 

Finally (again by definition of the A-notation) we have: 

[AX E D . Jan is loyal in w', for all w' E W that are compatible with what x 
believes in w] (Mary) = 1 iff Jan is loyal in w', for all w' E W that are compatible 
with what Mary believes in w. 

We have arrived at the correct truth-conditions for sentence ( 8 ) .  ( 8 )  is true in 
the actual world iff Mary's actual beliefs exclude all possible worlds in which 
Jan is not loyal. In an analogous way, we obtain the right truth-conditions for 
( 10) :  

( 10) Mary believes Dick is deceitful. 
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(10 )  comes out true in the actual world iff there is no world that is compatible 
with Mary's actual beliefs in which Dick is not deceitful. Given an intensional 
semantics, we do not run into �ny difficulties any more when we assume that 
all of the sentences l 1 (a)-(d) might actually be true together: 

( 1 1 )  (a) Jan is loyal. 
(b) Dick is deceitful. 
(c) Mary believes that Jan is loyal. 
(d) Mary does not believe that Dick is deceitful. 

The problem we started out with in this chapter is now gone . The solution is 
very much in the spirit of Frege. The usual denotations are extensions. But for 
nonextensional contexts, Intensional Functional Application allows a switch to 
intensions . The switch is triggered by particular lexical items - those that create 
nonextensional contexts . Whether a lexical item does or does not create a non­
extensional context, then, is part of the information conveyed by its denotation, 
like any other information about selectional restrictions. 

Exercise 1 

Look at sentence (i) : 

( i ) Mary hopes that a plumber is avai lable. 

(i) may mean that there is a particular plumber, say Mr French , whom Mary 
hopes wil l  be avai lable (de re i nterpretation of a plumber) . Or else it may 
mean that she hopes that some plumber or other is avai lable (de dicta 
i nterpretation of a plumber) . It is customary to treat the ambigu ity as a 
scope ambiguity. On the de re i nterpretation,  a plumber is moved into the 
matrix clause. On the de dicta i nterpr�tation ,  a plumber can be interpreted 
in situ. 

(a) Draw appropriate LFs for the two readings of ( i) . 
(b) Add lexical entries to our  fragment as needed. Treat that and is as 

semantical ly empty, but treat a as a quantifying determiner. 
(c) Compute the truth-conditions for both LFs . 
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Exercise 2 

Look at sentence ( i i ) : 

( i i )  Lee is an al leged drug dealer from Springfield. 

Draw an appropriate LF for (i i) and compute its truth-conditions. Add lexical 
entries to our fragment as needed. Treat is and an as semantical ly empty, and 
drug dealer as an unanalyzed common noun .  The truth-conditions you want 
to end up with should imply that ( i i )  is true in the actual world just in case Lee 
is a drug dealer from Springfield in al l those possible worlds that are compat­
ible with the al legations in the actual world. Let's not fuss about the fact that 
al legations may vary from time to t ime and place to place, even in  a single 
world. We chose to ignore that kind of dependence here to make things easier 
for al l  of us. 

12.4 Limitations and prospects 

Carnap15 insists that sentences embedded under attitude verbs are neither 
extensional nor intensional contexts . And he is right. Take two sentences that 
are true in the same possible worlds but do not have to be believed together. 
Here is an example due to John Bigelow:16 

( 1 )  (a )  Robin will win. 
(b)  Everyone who does not compete, or loses, will have done something 

Robin will not have done. 

(2) (a) Marian believes that Robin will win. 
(b) Marian believes that everyone who does not compete, or loses, will 

have done something Robin will not have done. 

It may take some time to figure this out, but ( la )  and ( lb )  are true in exactly 
the s-ame possible worlds. They express the same proposition, then. But if what 
we believe are propositions (as our analysis of attitude verbs assumes) ,  anybody 
who believes ( la )  should also believe ( l b) .  This is not right. (2a) and (2b) can 
have different truth-values. We are in trouble again. Propositions are still not 
good enough as objects of beliefs and other attitudes. 
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Carnap proposed the concept of " intensional isomorphism" or " intensional 
structure" as a remedyY David Lewis follows up on this idea and identifies 
"meanings" with "semantically interpreted phrase markers minus their terminal 
nodes: finite ordered trees having at each node a category and an appropriate 
intension. ,, 1 8  A slightly simpler construct, "structured propositions" ,  is proposed 
by Cresswell and von, Stechow.19 There is no agreement on the issue yet. The 
good news is, however, that the unceltainty in the area of propositional attitudes 
does not seem to have a lot of repercussions on the way linguists do semantics 
every day. A slight change led us from an extensional system to an intensional 
one. The switch to a hyperintensional system should not be much more eventful. 
What we have learned about particular extensional or intensional phenomena 
should be adaptable to a new foundation without too much ado. Barbara Partee 
observes: 

Many of the most fundamental foundational issues in formal semantics 
(and in semantics as a whole) remain open questions, and there may be 
even less work going on on them now than there was in the seventies; per­
haps this is because there is more work by linguists and less by philosophers, 
so the empirical linguistic questions get most of the attention now.20 

The empirical linguistic questions have certainly been our main concern in this 
book. 
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Strawson's reconstruction 159-62 
Assertion, presupposition distinguished 

77-9 
ASsignment see Variable assignment 
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Abstraction; Pronouns; Variables 

"Both" determiner 154-5 
presuppositionality 164 

Bound see Variable, bound 

Cat'den, G., quantifier lowering 209 
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truth-conditions 2 

Deep structures 45, 46-7. 
Definite article 73-83  

assertion and presupposition 
distinguished 77-9 
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denoting sets o{iiidividuals 138-40 
denoting generalized quantifiers 140-5, 

172 
denoting individuals 1 3 1-8  
modifiers in  definite descriptions 82-3, 

91-2 
quantificational see Quantifiers 
quantifying into 230-5, 279-80 
see also Binding, Co-reference, 
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Donkey sentences, E-Type analysis 295 
Dowty, D . ,  argument selection principles 

56-7 
Doxastically accessible worlds 305-6 
DPs see Determiner Phrases 
Dummett, M., senses of expressions 

21-2, 301 
Dyadic prepositions 63 

"e" (type label) 28-9 
Elements (members) of sets 4 
Ellipsis 

bare argument (stripping) 249-51 
and bound-variable pronouns in 253 -4 
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and VP-internal subjects 217-20 
Intensional Functional Application (IFA) 
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Intransitive prepositions 62-3 
Intransitive verbs 

denotations 29 
Fregean interpretation 1 3-23 
lambda-notation 35-6 
as denoting sets of individuals 24-6 
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phrases 233-5 

Lawlike statements, quantifiers 165-70 
Leibniz, G. W. von, quantifiers 148 
Lewis, D.  
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reconstruction 159-62 

history of quantifying determiners 
147-8 

Predicate Logic (PL):  quantifiers 
1 89-93 ;  variable binding 122-3 

Logical Form (LF) 45, 1 85 
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Metalanguage 22-3 
Milsark, G.,  determiners 152, 1 64, 174, 

177 

Minimal governing category, and Binding 
Theory 262 

Modal operators, in lawlike statements 
168-70 

Modal subordination 296-7 
Modified assignment see Variable 

assignment 
Modifiers 

in definite descriptions 82-3 
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syntactic and semantic binding 
262-4 

paycheck sentences 295 - 6  
relative pronouns and relative clauses 

90-1 
referential 239-45 : or bound-variable 
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