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y ’s : We assume a framework in which all kinds of conjoined conmstituents

I. Conjoinable categories. . are directly generated syntactically, mot derived via conjunction-reduction

It is well-known that in English and in many other,languages- virtually from conjoined sentences. In order to be able to say that it is nevertheless

every major category can be conjoined with and and or. The question the same and and the same or that appear in all the comstituent conjunction

we address here is whether we can give a single meaning for and and rules, we want to be able to give a single meaning for (normal) and,

a single meaning for or that covers their uses across the full range and a single meaning for or.
of categories. o We begin by reviewing the type theory of Montague (1973) (PIQ),
In order to make the question more precise“ and forestall a quick . and his treatment of phrasal conjunction. Then in section III we present

negative answer, we need to distinguish the central use of and from a generalized conjunction schema that is a natural generalization of

a number of special uses. Informally characterizéd, what we.mean by that presented in Gazdar (1980). In section IV we show some repercussions

. . _ ,
the central use of and with conjuncts of any category is related to that the conjunction schems has on Montague's type theory and propose

the sentential conjunction and with the meaning of ordinary logical changes (In particular, that extensional verbs be assigned simpler types

conjunction (although because of interaction with other logical elements than intensional ones, plus predictable homonyms of higher type,) In

in the sentence, there may mot always exist a natural paraphrase in . ) section V we compare this approach with that of Keenan and Faltz (1978),

. d
terms of conjoined English sentences.) Examples of the central use and in the final section we discuss some difficulties and summarize qur conclusions

II. Montague's type theory.

of and with variogs categories are‘given in (1); some special uses which _
we will not treat are given in (2). (There do not appear to be any w_e assume familierity Wit,h_,.?m'. but review the type theory here
special uses of or which need to be excluded; if there a?e,‘ we are not for future reference. ‘The basic types are e and t, the types of entities
".' : treating them.) - v . ’ . and truth-values (sentence extensions) respectively. There are twa
(1) (a) John and Mary are in Chicago. _ . ‘ : recursive rules: ]
. ‘ . {b) Bacon and eggs are (both) high inr cholesterol. i 0 1t a’.b are types,. then <a,b> 1s a type (the type of functions
(c) Susan will retire and buy a farm. v . » from.a-typ? things to b-type things)

(d) She was wearing a new ‘and expensive dress, (11) If a 15 a type, then <s,a> is a type (the type of functions
.- (2) (a) John and Mary are a happy cmple.:l . from world-time pairs to a-type thinga)l
) (b) 'Bacon and egés 1s my favorite breakfast.;i: ' » . In the rest of the paper, we will simplify the discussion by omitting

: all the 8's from types'tlhgt-shm;d?com':ain them. This is purely for
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expository purposes and does not affect the substance of the discussion
or the proposals; wherever it could make a difference, we provide the
"correct" treatment iﬁ a footnote; intensional types are also digéussed
in Appendix A.
Omitting s's, then, PIQ ‘has the following correspondence between
syntactic categories and semantic types (not a complete ;list):
(1) t (sentence) - t '
e (empty) - e
CN, IV - <e,t>
T (term, or NP) ~ <<e,t>, t>
TV - <type(T), type(IV)>
In particular, intransitive verbs (and verb phrases) are treated as
denoting sets of entities, term phrases as denoting higher-order sets,
and transitive verbs as denoting functions from term-phrase interpretations
to sets of entities.? .
Montague introduces and and or syncategorematically for three categories
in PTQ: t, 1V, and T.3 The rules produce pieces of derivation trees
of the following fofmsi .

@ @ P ad@c ® ) aad, W ()« anday T

e @t 81, v dge IV oy, T oLy, T
His translation rules provide the follbwing translations for the three
cases (where 1’1' 18 the translation of ?1, etc.)
3). (a) ?1'1\ ¢,
(b) Axlsl'(x)o\ §,'(x)], x a variable of type e
T (e) AP[dl'(P)A &2' (P)], P a variable of type <e,t>

By linguists' usual standards, there is cleariy a generalization being

missed here.. It is no accident that the same words and and or are

e

introduced in each rule, and the translations for IV and T conjunction

are clearly predictable from the translation of corresponding sentential

conjunction plus the type assigned to the category: provide each conjunct
with the type of variables they need as arguments to make a sentence
(identical variables for each conjunct), conjoin the resulting sentences,
then lambda-abstract on those variables to get back to the original
phrasal type. We could clearly do the same thing for higher types such
as TV, just by adding on more variable afguments and then abstracting

on them in the corrésponding order. We express this more precisely

" in the next section.

I1I. Generalized conjunction. ‘

Gazdar (1980), von Stechow (1974), and Keenan and Faltz (1978)

(in their 'Lifting Theorem') describe how conjunction in D (the
<a,b>

possible denmotationg for a phrase with type {a,b) ) can be defined in

terms of conjunction in Db' This allows the recursive extension of

operations defined in Dt' the truth values, to Da’ wvhere a is any conjoinable

type.
T (4) _Definition: Conjoinable Type

v

(1) ¢t is a conjoinable type
(1i) 1if b is a conjoi’na'l;le type, then for all a, {a,b> is a
conjoinable type.
The basic idea is this. Elements f,g of D<a,b>‘ which are functions
from D’a to Db’ are viewed as sequences of elements of the set Db indexed
by the set Da. f and g are combined by performing an operation defined

in Db index by index, in the mamner that vectors are added.[‘ (5) defines

" the operators IT and U ("meet' and 'Join') corresponding to and and or.

The symbols A and v are reserved for D, = {0,1}; they are defined by

their finite truth-tablgs.s
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5 Pointwisg ‘definition of  and U l}ecause Montague's IL substitutes the operators *"and ¥ for explicit

reference to possible worlds, a special statement is needed for them,

XnY = XAY if X and Y are truth values
Corresponding to (6) we have (7),

= {<z,xny>:<z,x>€ X and <z,y>€ Y} if X and Y are functions

: 7 = Afv v,
(which are represented as sets of ordered pairs) 2 2 ¢nd [on vl 1£ ¢,y have type <s,b> for some b,
suv = [Yeuvy] and ¢,y are modally closed,

XY = XVY if X and Y are truth values v
b, Y[¢ny] = ven'y

{<z,xly> : <2,x>€ X and <z,y>e Y} if X and Y are functions. Y[oup] = Yeu vy

e Mn = “[eny]
Apuay = *fouy]

The definition (3) is given in terms of functions, which are objects in the
model, 1t is convenient to have some rules for comp_uting with meet and join in
intensional logic (IL), L ’ . B These idenfities allow us to relate the definition (5) to Montague's PTQ

definitiongwhich were discussed in section II, Take for instance his T13,

(6) Facts: Where ¢ and ¢ are a (single) functional

type, and z is a variable of appropriate = | governing termsi

a, ¢ny = Az[$(2)n ¥(2)]

" type not occuring free :Ln'¢ or ¢,

suv = Az[s(z)u ¥(z)] . . (8) a8 P translate into a', 8' respectively, then a or B
This is an imediate consequence of (5), . Lo translates intoiPla'(P)v B'(P)).
b, - .n H u = o : . )
[¢ﬂ “‘J(!!) ¢(G) "’(G). [¢ ‘l"](a) ¢(G) ‘b(a) ) ‘ This follows from the identitiest a'u Bl - AP(&'(P)U BI(P)) (b)’ (63)).
Verification: [¢nyl(a) = [rz[¢(2)n v(2)1](a) " (by (6a)) ‘ which 1s AP(a'(P)v 8'(P)) since a'(P) and 8'(P) have type t,

= $(a)m (a) (by lambda conversion)

eo Avp noAwp - Av[¢ﬂ¢]_
wou awp = avipuy]

Verification: by fact a, Av ¢nf vy)

» Aul[rvelw)N [Awy]@l whereu is a variable not
. occuring free in ¢ or ¢

= g [¢“/—"n q,“/”] ‘by lambda conversion (4 AL

‘ ¢ with u substituted for all
free occurences of ¥)

by a change of variables
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IV. Repercussions on the type theory.

In this section we show how the generalized cenjunction schema
makes some correct predictions and some wrong ones, and propose some
alterations in the types assign'ed to lexical items, alterations that
we believe are desirable from the psycholinguistic perspectives of sentence
processing and language acquisition as well. Similar suggestions can
also be found in Dowty (forthcoming) and Cooper (ms.). i v
A. Transitive verbs. If as in PTQ, the type of all transitive verl->s
1s <type (T), type (IV) > , then the generalized conjunction schema predicts
(by two applications of fact (6a) of section III) that the interpretatiori
of ['L'V'P1 and 'NPZ} should be
(9) 2P xx[TVE' @) (x) A TVP' , (@) (x)]
with ® a variable over term-phrase interpretations and x an individual
variable. In other words, a sentence of the form (10) should have a
paraphrase of the form (11).
(10) John "['Vl and TV2 T(erm phrase)
(11) John TV; T and John TV, T
When we conjoin two extensional transitive verbs, this gives the wrong
result, as seen in (12) and (13). ‘
(12) John caught and ate a fish. |
(13) John hugged and kissed three women.
Unless the sentences are given a very marked intonation or the context
1s heavily loaded, we mst interpret (12) as involving just one fish,
and (13) as saying that the same three women were hugged and kissed._7
On the other hand, when we cohjoin two intensional verbs as in
(14) or an intensional and an extensional verb as in (15).8 the reading

predicted by the generalized conjunction schema is indeed the primary

e

.(14) John wants and needs tw

(15) John needed and bought a new coat.
(a "quantified-in" reading, "there are two gecretaries such that...",
“r\.- may also be available in .t}i\_ese 'cas'e's., with about as much ease or diffi- J
culty as with a single iﬁeensional'_verb; tﬁe mechanism that accounts
- for quantified-in readings, whether generative or interpretive, would
'.pre,su‘mably operate in-the same wey‘vhether'thev”:[’v was complex'or simple. )’

Now suppose the tyfae of TV were <e,“ type(IV)>; then the generalized

- conjunction schema would predict that [TVP;-and TVP,] would be interpreted

as (16):
16) lykx['m"l(y)(x)/\ 'NP’Z(y)(X)]

"In that case, sentences of the- fom (10) above should have (stilted)

.

'-paraphrases of " the fom (17)'
B “(17) NP is/are such that John TV it/them and John '.l'V2 it/then.
"In this case the matching of prediction to judgments on- sentences (12) -
1;;(15) above is exactly reversed: now we get the right result for (12)
-and (13), and the wrong result for ,(14) and (15).

Not:e that the cases where the simplet type assignment makes the.

3 1ght predictions are just those cases where both verbs are subject

Montague's meaning ‘postulate &, which says that such verbs do indeed ;,'

ihave counterparts "o ty‘p <e, - >V)>, catch * eat * etc.'f

.,.

These results' suggest that we. should depart from Montague o strategy

‘ f a given synt:actic categoty the "highesc“

o
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the same type to the "simpler" extensional transitive v‘erbs, and then
provided meaning posAtulates to guarantee that the extensional verbs
would behave semantically as if they were of the simpler type

<e, type(IV)s. St;ppose we give up this uniformity and enter each verd
lexically in its minimal type, where the minimal type for verbs like
seek is Montague's TV-type but the minimal type for the extensional
verbs 1is <e,<e,t>>,

Then in order to account for the conjoinability of inténsional
and extensional verbs and the fact that the result patterns with the
intensional w,;erbs, we add a "redundancy rule" to insure that each "low-
type" verb has predictable homonyms of higher type. Fof example, given
_lg_uli of type <e,<e,t>>, we predict the availability of _b_l_lxz of type
<type(T), <e,t>>, where:lo '
- (18) buy', = A®xx[P(ayibuy; (v) )]

A,fuiler specification of these redundancy fule's is given in Appendix

A.

As a third part of our proposal, we suggest as a processing strategy

that all expressions be interpreted at the lowest type possible, and
in particular that conjoined expressions be interpreted at the lowest

type they both share. Abﬁreviating the minimal type of eat, buy, etc.

as TVl and the type of seek, need, etc. as -Tvz, we would have the following

pattetns:n
™v -
) v, P
¥y ad T, W, ad TV, T,and TV,
~ . catch eat . want need need 'rvl

Note that extensional transitive verbs in their basic forms are
now of a type that takes e-type things as argument. Montague assimilated
proper names and promouns to the higher type needed for quantified
noun 'phrases, but it would be consonant with our alternative schema
to assign proper nouns and pronouns to type e (with their PTQ type interpreta-
tions available as predictable homonyms so that they can conjoin with

quantified noun phrases and serve as objects of intensional verbs.)

" If pronouns are assigned to type e, the quantifying-in rule (which would

not have to be changed at all) would permit quantified noun phrases
to occur as objects of extensional verbs. Only with intensional verbs
would quantified noun phrases be directly generated as direct objects.
In sum, we have a three~part proposal:
(1) Enter each verd lexically in its minimal type.
(11) Provide lexical rules furnishing "“higher"-type homonyms for
"lower"-type elements.

(11i) Posit as a processing strategy that all expressions are interpreted
at the lowest type possible, invoking higher-type homonyms
only when needed for type coherence.

With these proposals, all of the)judgments about conjoined verbs in
sentences (12) - (15) agree with the predictions of the generalized
conjunction schema. As an additional benefit, sentences which are
intuitively simpler now have simpler translations involving lower
types than sentences which are intuitively more complex.

B. Parallel issues with intransitive verbs. In PTQ and in much

of fhe subsequent literature.in the Montague tradition, the type
of intransitive verbs, and of verb phrases in general, is <<s,e>,t>.

Bennett (1974) proposed that IV (and CN) be assigned the type‘<e,t>, and
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Dowty, Wall, and Peters (1980) .follow Bennett's type system in their
presentation of PIQ. Since we are ignoring the "s" parts of types
in this presentation, we will regard Bennett's IV-type and the PTQ
IV~type as equivalent, repr'esentir:g both as <g;t>. In either case,
subjects take verb phrases as arguments to form an expr."ession of type
t.

The alternative, that verb phrases should be of type <fy:pe('1‘), t>
and take the subject as argument, had been employed by Montague in
Montague (1970) (UG), and has been argued for by Keenan and Faltz

Thomason (1976)

(1978) and Bach (980a); it is also employed by/Hoepelman (1978), Gazdar & Sag
(1981), and Bach and Partee (1980). Flynn (1981) considers the possibility
that languages might differ from each other with respect to which
of the subject and the verb phrase takes the other as argument. Bach
19803 also discusses the possibility of assigning untensed IV's to
the type <e,t> but tensed IV's to the type <type(T),t>.

Let us see what predictions the generalized conjunctiop schema
makes about the types of IV"s. Given a sentence of the form (20), if IV
22y 1 '

Iv.

(20) T 1V, P

1
is of type <e,t>, then (regardless of whether the subject is of type
e or type -<<e,t>,t>) the schema predicts that there will be a paraphrase
of the form (21): ’ »

(Z1) T s such that he/it IV, (*20) He/it 1v,.

If, on the other hand, IV is of type <type(T),t> and takes the sabject
as 'argu'ment,, the schema predicté that’ the;é._wi_.i;l. be a paraphrase of the )

form (22): e
{and’

(22) 1'13v1 -
- kamining sentencesﬁ(za) - (26). we obaerve that t:he lower type

gives the right result for (23) “anid (24), t:he higher type the right

result for (25) and (26).12
(23) A £1sh walked and talked.
(24) Every participant sent in an abstract or apologized.

(25) . An easy model theory textbook is badly needed and will
surely be written within this decade.

(26) A tropical storm was expected to form off the coast of "
Florida and did form there within a few days of the forecast.

This pattern of results is parallel to those with the extensional and
intensional transitive verbs; the verb phrases in (25) are both intensional

with respect to subject position, and (26) represents a conjunction of

" an intensional and an extensional verb pl-u'ase.]‘3 So in this tase as

well, the observed judgments accord with the hypothesis that each item
is listed lexically with its minimal type, that there is a rule for generating
higher type IV's from lower type ones, and that there is a processing
btr;tegy of tryiné 'to use the lowest types possible.

Note that in this case we are proposing that there is no fixed direc-.

tionality to the function-argument structure of subject and predicate.

"1f the verb phrase is a simple one of type <e,t>, it will be the function

if the subject is of type e (as we-suggested above for proper names and
pronouns), but the argument if the subject is a quantified noun phrase.

If the verb phrase is of type <<<e,t>t>,t>, it will always be the functionm,

assuming that we never find reason to posit term phrases of still higher

type taking such IV's as argument.
Having argued that there are two IV types, we have to reconsider

our TV types; a summary of all the newly proposed types is given in

- Appendix A

Q. Psycholinguistic advantag As remarked above, an added advantage

.,f" of our revision of Montague's uniform category-type correspondence is
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that the intuitively simpler cases now have simpler interpretations.
The potential disadvantage of having multiple interpretations available
for extensional verbs (via the lexical rule introducing higher-type
homonyms) is offset by the processing strategy of trying the simplest
type first. More work needs to be done to explofe the workings of this
strategy, particularly to see if extending the type-multiplicity to more
categories leads to cases in which the minimal lexical types.don’t cchere
but there is more than one alternative available to try next. In any
case, the revised system seems like a step in the right direction for
making Montague grammar more plausibly connectable to a performance
model of language processing.

There is an additional potential advantage from the perspecti\ie
'of language acquisition. If, for example, children learn proper names
and pronouns before they learn quantifiers, it would be matural to suppose
they would _assign them to type e. On the original PTQ model, they would
have to revise their interpretation of proper names and pronouns when
they learn the higher term-phrase type. Under our reviaed prirjciples;
they would keep the original interpretation as the basic one, and add

a higher-type interpretation via a general rule. Similar considerations

apply to extensional and intensional vei'bs.ll' In general under our assumptions

more of the child's learning of gsemantics could take place by accretion,
and there would be less need for restructuring. On the assumption that

accretion is easier than restructuring, this also seems a welcome result.

~14-

V. Keenan and Faltz.

In r.hei}' "Logical Types for Natural Language'  ('LT'), Keenan
and Faltz ('K & F') describe a different way of endowing the types with
Boolean structure., In this section, K & F's construction is summarized‘
and related to our analysis. At some points,references to LT are
substituted for proofs.

For K & F (as for Montague) term denotations (elements of D;) are
(in extensional models) sets of gets. The Boolean operations in this
type are set union, intersection and complementation. (This .is equivalent
to the pointwise definition, for 1f XA and xB are thé characteristic
functions of A and B respectively, XAn XB = ‘
status to the term denotations corresponding to individuals. If b is

xAnB') K&Fgive a special

an element of the domain D, the corresponding term denotation I is
{XC D[bsX}. (These are sometimes called - individual sublimations;
see Dowty, Wall and Peters (1980).). The set {I.b]beD} of term denotations
corresponding to individuals is deno‘ted_ID.
ID has a useful property: it 'is a set of free generators (cf.
Halmos (1963) P. 40) for the Boolean algebra <Dy M u, % 9, b
(the set 2(2 ) with operations intersection, unicn, complementation,
and constants @ (the identity forU) and D (the identity forN).)
This means that T

(22) a. I, generates D each element of Dy can be represented

i
.. a8 a combination of Ib's via the operations N ,U and ©

(See Thm 8 of LT, page 91).

.be Any functiom g from L, to a Boolean algebra B can be

exteqded uniquely to a homomorphism h from Dy to B. (This

;. 48" the Just:lfication Theorem of LT, page 120).

=

ﬁctorially.(ﬂb) can. be represented ag(28), where id is the identity




(28) v
L
[}
« h
D
i - i
[ 5

I, ——e—d D

b é.‘.‘ T

We can now describe the Boolean'str\.xcture which K & F assign to
the space of extensional VP's, which they take to be Hom (DT', 2), the
set of homomorphisms. frgm D, to the set 2 = {0,1} >6f truth values.15
We do this in the following way. First, a bijection between Hom (DT,Z)

and 2D is asserted to exist. Then this bijection is used to transfer

the Boolean structure which ZD has as an algebra of sets to Hom (DT,Z).
Suppose f is a charactéristic function for a set of individuals, and
let I be the function mapping an element of D to the corresponding
T denotation:
e @9 £: D+ 2 I: D »1Ip
A by,
By fact (27b) £ ° it extends uniquely to a homomorphism
h: Dll. + 2. So we can define.g map l{twhich ?naps a charactg:istic function
f to the corresponding homomorphism:: N .
A L (0 a p——=i

b M: 2D+:Hom, (D ,2)

A . frvph (dn the example above) :
B M 15 a funccion, because the extena:l.on l:lcensed by (27) is unique. M is

-1 -
and M(f,) extend £, 01 “and £5 1 " respectively. M is a surjection (onto)

because if k 1s in Hom(DT,Z), M(Ie dd ok) = k, again because the extension
1is unique, Thus M is a bijection between 2° and Hom(D,1, 2).
M can be used to define operations on Hom (DT'Z)'

GY haga M h) 4 M)

hvg=utm) v wl))
def

L (¢ (DY h!
ef
It 1s easy to verify that Hom (DT’ 2) with operations so' d'efined
is a Boolean algebra. The Boolean identities are verified by appealing
to the corresponding identities in the set algebra ZD. As an imstance,
take the distributive law:
GDhoa g vk =notm) A wnerle) v ulaoy)
=0 @) 4 () v M ao))
ueer o) 4 M) v arlmy 4 wlg))

using the distributive law in Z'D

Moo my 4 W)y v e o) 4 vla))

=(hAg)v (ha k)
This completes our exposition of K & F's construction. Obviously,

it is impossible to do justice to LT in a few pages. As partial

s
.motivation for the homomorphism construction, note that because an extensional

verb like sing is a homomorphism, sing' (a-man'v a-woman') = sing'(a.—
man') v sing' (a-woman'), 80 that 'a man or a woman sings' is equivalent
to 'a man sings or a woman sings', as desired. . .

In section 4, we suggeéted that the basic type for e;ctensional
VP's was <e,t>, with Boolean structure given by the pointwise definition.
(As noted above, since elements of this type are characteristic functionms,
this 1s the structure of an algébra of gets.) The function M reveals .

A :
the relation between this spprcach and K & F's homomorphism construction.
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Notice that M is an isomorphism between 2D and Hom.(DT,z):
(33) M(z) A £5) = MOTIH(E)) A WTHCE,)) = HCE) A M(E,)
MOE W £y) = HOOM(ED v MTINGE)) = MGE)) ¥ M(Ey)
MCEL ) = MM HED TS = [uE)C
Since the algebra K & F use in translating extensional IVs is

isomorphic to the one we use, we are in agreement here. The advantage

- of our approach, we would claim, is revealed when we consider conjunction of

intensional IVs. As was shown above, the pointwise definition gives

: the right result here. While they do not include conjunction of intensional

IVs (or intensional IVs) in their fragment, K & F agree with us on this

point (see footnote 30, page 328 of LT). Hence in an appropriate extension

of LT, and and or conjoining IVs are translated in two distinct ways:
vhen they conjoin intemnsional IVs, they are intejrpreted via the pointwise
definition; when they conjoin extensional IVs, they are interpreted

as operations in Hom (DT,Z).

On the other hand, in section IV it was shown that by translating
intensional and extensional IVs by objects of different type,-a single
cross-categorial definition for § and M can be employed. While we consider
this an advantage, we do not believe .that there is an empirical difference
bétween an extended LT semantics employing features to difféi‘entiat:e
the two conjunction modes and the analysis of section IV.

In a review of LT, Ballmer offers the foliowing propositit.ms (proposi-
tions (4) and (6) of Ballmer (1980)):

(34) a. "Especially, I disagree with what could be called the

‘ function-ai'gument ideology, namely the assumptioﬁ that

the role of a’ grammatical category of being a function

ot: an argument is invariably fixed," .

b. "My most serious criticism is this, K & F base their

~18~

algebraic semantics of NL [natural language ~- BHP and

MR] on some mathematical assumptions which are mistaken.
They assume wrongly the existence of certain homomorphisms
to link the Boolean algebras of certain grammatical
categories and arrive therefore at false conclusions

and results."

We agree with proposition a. In section IV, we suggested that

" an extensional IV like sing has type <e,t> and thus combines as an

argument with e\ﬂarx man (type <<e,t>,t>), while an intensional IV like

is believed to have left has the type <<s,<<e,t>,t>>,t> and so combines

as a function with every man (which is lifted to type <s,<<e,t>,t>> by
one of the rules o‘f Appendix A.)

We do not agree with proposition b. Ballmer claims that in the
LT system 'every man sings or dances' means the same as 'every man
sings or every man dances'. To draw thus undesirable conclusion, he
assumes that K & F use the pointwise definition, (Ballmer's (18), our
(5)) to assign a Boolean structure to extensional IVs. If this were
so, Ballmer's conclusion would indeed follow, But this assumption,
and the replacement it sanctions are in error: "...the definition of v
[which'is the homomorphism defin:l'.tion, not the pointwise definition --
BHP and MR] for the VP algebra only sanctions replacing a join of VP
functicns applied to a member of TDNP by the corresponding join (union)
in the formula algebra if that member of Thnp 1s an I,. We cannot
do this in general for arbi;traty members of TDNP'" (LT, pages 131-
132; K& F's T,

D
[sing' v dance*j(every-man')  cannot be converted into sing' (every-

NP is our DT)' Since every man is not an Ib'

man') V dante'(every-man').

Thus, while we agree with proposition a (as well as with some
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of Ballmer's other points), we believe that his attempt to criticise
LT based on the claim"that K & F made 'serious wathematical errors'

is misguided; we are aware of no such errors.
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Vi, Problem cases and conclusions.

Cooper (ms. ) discusses a reading for terms containing conjoined CNs
(common nouns) not predicted by the generalized é:onjunction definition (5 ).
The reading predicted for (35a) is (35b), which can be paraphrased 'most
hermaphrodites swim' (becaﬁse man' and woman' denote characteristic

functions, rj amounts to set intersection here.)

35) (a)
: /\

’ T I‘ll
De/\ CN swim
mst CN CN

and |
men women

(b) most’ (n:len "Mwomen') (swim')

Such readings are possible for CN=conjunction ('my friend and colleague',
‘every wife and mother'), but a more natural reading is 'most men swim and
most women swim'., Coopet notes tflat this reading can be obtained by
reversing the function~argument order in the construction [Det cN].  (36a)
defines new translations for man and woman which map determiner meanings to

T e

term meanings

(36) (a)  man" = ASPH(man') Q:oman" = AHHwoman')
(b) man" N woman" = AHLOman') 1 AP P woman')
= 2 8(P(man") 1 Hwoman’) by fact .(6c )
[man" [T woman"J(most') = AP(SHman') nLH(woman')) (most')
‘ = most'(man) M most(woman')
= AP(most'(man')(P) N most'(woman')(P)) by fact (6a)

where P is a variable of type <e,t>
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[man™ n woman"](most ') (swim') = AP(most'(man')(P)f most'(woman')(P)) (swin') kind of person this is,- This reading is equivalent to 'the department is

= most'(man') (swim') 1 most'(woman') (swim') looking for a pﬁonologist or looking for a phonetician' with the object

by lambda conversion de dicto in both conjuncts.

The generalized form (38a) of (36a) allows us to derive this reading.

As the equalities in (36b) indicate, employing this elevated type for CNs
This is indicated by the identities in (38b).

while retaining the pointwise definition for conjunction yields the desired

reading, (38) (a) functionwargument flip-flop

We will now discuss a similar ambiguity in intensional contexts and examine Let the phrase a have type a, and let b be any type. Then a

"hag a translati " .
the possibility of extending Cooper's mechanism to cover it. The ambiguity is . nslation a® of type <<a,b>,b> in addition to its translation
a' of type a:
illustrated in (37), which has at least three readings. P
. o" = )FF(a'), where F is a variable of type <a,b>

(37) The department is looking for a phonologist or a phonetician,
(b) (1) awphonologist" = - AFF(awphonologist'), where F is a

variable of type <<s,<<e,t>,t>>,<e,t>>

In the de re reading, the department is looking for a specific person, and
which is the t £ look-for'.
that person is a phonologist or a phonetician. In the normal de dicto reading, ¢ ype of look=for'.).
i1) a-phonetician" = AFF(a-phonetician'
the department would be satisfied if they found a phonologist, and they would G P (a-phonetician’)
’ (iii) a-phonologist"l{ a-phonetician"

also be satisfied if they found a phonetician. The de re reading is obtained by
= AFF(a-phonologist') U AFF(aephonetician')

quantifying the expression [aephonologist'll a-phonetician'] into the ‘ = AF(F(a-phonologist') i F(a-phonetician')),

expression the~department'(¥y look—for'(aq(x))(y)), abstracting over the using fact (6¢ )

variable %x. The normal de dicto reading 1s obtained by combining look~for' (iv) [a-phonologist"{l a-phonetician"](look~for')
= look~for'(a-phonologist') U look-for'(a-phonetician')

3 .

with [a=phonologist’y a-phonetician'] directly to yield
by lambda conversion for F

the-department ' (§ lookwfor'(*[a~phonologist' Ul a-phonetician'])(y)). The

types employed here are those discussed in appendix A, Terms such as ; Note that in (iv), [a~phonclogist' |l a-phonmetician] is the function and
, the department and a phonologist have type <<e,t>,t>>, and look-for' has type : the TV translation look-for' is the argument. As desired, (iv) is also the
<<s,<<e,t>,t>>,<e,t>>, Q is a variable of type <e,t> and x and y are variables » ‘ " translation of the phrase "look for a phonologist or look for a phonetician'.
of type e. Unfortunately,.the flip-flop rule generates many undesired readings also,
The reading.we are interested in, a second de dicto reading, is suggested . In section IV, we noted that a sentence with conjoined extensional IVs, such
by the continuation ',,. but I don't know which'., In this case, the department . " as (39a), 1s not equivalent to the corresponding conjoined sentence,

has a particular kind of person in mind, but the speaker doesn't know which (39). (a) Every student failed or got a D.

(b) Every student failed-or.eve;§‘student got a D.




-2

We captured this by proposing that extenaional IV. primitively have type

‘But the derivations

<e,t> and conjoin at this level, whenever possible’
(36b) and (38b) are inconsistent with the principle‘of performing conjunction
at the lowest possible level; they essentially 1nvoive'conjunction at the

" higher type level generated by the flip~flop rule. i .
Consideration of other examples revealsla second inadequacy in the flip-

flop approach., (40) is ambiguous in the same way as (37).

(40) John believes that a_phonologist-;f a phonetician won.

However, the embedded subject a phonologist or a phonetician 1s already
'Jlip-flop does not apply. While it is possible to pursue

we will not do so,
An alternative to the flip-flop rule which deals with (40) is a rule
quantifying in terms of a higher type, This would yield a representation

ke (41)( iqnor iny fense),

(41) [2$¢(*a-phonologist') u A¢d(“a-phonetician')]

O Poelieve' *[YPEIHDND  where type(P) = <s,<<e,t, >
. and type(?) = <type(¥P),t> ‘

Since A%¢ (*awphonologist')i! Ao@(ha-phonetician')
-~ = e[ (#(*aephonologist') 1t &(*a~phonetician')], lambda conversion yields the

. right results, namely;

belseve (*awphonologist’(win'))(1) U believe(*a-phonetician’(win'))(3)
While this solves the second problem,. the firsc problem remains, It can

:be'summarized as follows, While intuitions are far from clear we believe

e/
the funcﬁion with respect to .won_ , seAthis approach” further (cf. Lambek (1961))

“.that (42a) hasva'ieading'equivalent to_(42c);‘but no reading equivalent to “‘.”

w2l

.
.

(42) (a) Mary {ndicnted that every student failed or got a D.
(b) Mary indicated that every student failed or every student got a D,
(¢) Mary indicated that every student failed or indicated that every'
student éot a D,

In this case, the element which is taking scope is a higher order
translation of the IV failed or got a D. Our intuitions can be described by
stating that it can take scope over the intensional operator indicate, but
not simply over the term every man {cf, (39)).

~We can see no non-ad hoc way of capturing this divergence between scope
with respect to in;ensienal operators and scope with respect to quantifiers.

The additional readings of sentences (37) and (40) that are not
predicted by our generalized conjunction rules correspond to possible
meanings of “conjunctionereduction" sources with two full sentences connected
by.or.  As noted earlief, however, syntactic conjﬁnction-reduction is
eotoriously non-meaning-preserving and would let in even more unwanted
readings than either the function-argument flip=flop rule or the higher-type
quantifying-in rule; nor do we see any way of restricting its application
to allow the meaning~preserving cases,’

An added difficulry facing any investigatlon of these problem cases
is the unclarity of the data. As noted by Dowty (forthcoming) and Bach (1980a),
intuitions are nct always sharp and not elwéys shared in cases where there
is a phrasal conjunction and several other scope-bearing elements in the
same sentence. »

The problemé discussed in this section are cases where there seem to
be additional readings mot predicted by the generalized conjunction schema.
We believe that the generalized conjunction schemaAitself is not called into

.question by these cases, since it bredicts all and only the right readings

over a very wide range of clear cases,.and predicts only good readings (but
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. not quite all of them) in the problematical cases Just kdlacussed. It is

simple and general, and leads to an argument for.tevising the association . = i

between syntactic cgtegories and semantic types in a way which has the
added advantage of making intuitively simpler sentences simpler inltheir
type structure, and plausibly simpler to process and easier for children
to acquire, We have given up Montague's requirement that each syntactic
category have a siagle semantic type associated with it, but the set of
types associated with each category is still predictable from its

specified simplest type together with the "type-lifting" rules given in
Appendix A. Similarly, there is no longer a singlé semantic interpretation
rule associated with each syntactic rule, but an instructian such as "do
function-argument. application”, which may'requirg the application of "type-
1ifting" rules to one or both expressions to find the lowest types that fit
the pattern <a,b>ya required for function=argument application to apply.
The processing conécraint,'"use the lowest types possible", is essential

to our account; without it, the type~lifting rules allow for additional
unwanted readings in many cases, Insofar as the overall account is
convincing, it provides an example of the importance of consi&ering
processing or !'performance" issues in seeking explanatory -accounts of the

relation between form and meaning.
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Appendix A: Redundancy rules for predicting higher-type interpretations.

The second part of our three-part proposal discussed in section

IV was to provide redundancy rules for predicting the interpretation

4of tﬁe "higher-type"” counterparts of expression whose simplest interpretation
ishat a lower type. Although we illustrated the process with lexical
examples, the rules can apply to arbitrary expressions, and it is probably
desifrable to allow them to do so, Suppose, for example, we are conjoining
an intensional and an extensional IV phrase, so we need to "1ift" the
- extensional IV phrase to its cofrespondihg higher ‘type, and suppose

the extensional IV consists of an extensional transitive verb plus an
objecg; The processing will be simpler if we d; the TV-object combination
at thé extensional level to build up the extensional IV interpretation

and only then apply the redundancy rule to the IV-interpretation to

get the corresponding higher-oxder IV-interpretafion, rather than forcing

the 'type-1lifting' to be done on the lexical verb (particularly since

. an IV phrase can contain so many different kinds of lexical verbs, as

well as verb-phrase adverbs).l6

In this appendix we provide thg formal rules for the three cases
of type-lifing described in the paper: for term phrases, for IV-phrases,
and for TV's., Then we offer a teptative characterization of what might

be the full range of cases of type-lifting to be expected for natural

;24"ianguages.

1. Term Ehrases; The simplest term phrases (proper nouns and singular
7. .
pronounsl ) are now of type e. Montague's original type for term phrases

i8 <<s,<<s,e>,t>>,t>, In the Bennett type-system employed in Dowty,

| ‘Wall, and Peters (1980}, the type for T phrases is <<s,<e,t>>,t>. Dowty,
" 'Wall ‘and Peters suggest (footnote 14, p. 250) that there is no reason.

1yother than that of preserving Montague's uniform category-to-type mapping

rulés not, to take the type of term phrases to be <<e,t>,t>; the intensionality
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of verbs 1ike beek could be adequately captured by assigning seek' the is the function (as in P1Q).1%1f we wanted to combine a 3rd order 1v
type <<s,<<e,t>,t>>,<e,t>>, Assuming that this is correct, then since with a 0 order term, we would have to first apply the term-phrase type—.
we are giving up the uniform category-to-type mapping anyway, we will lifting rule to the term phrase, then use function-argument application.
—Lo= ’
take the higher term-phrase type to be simply <<e,t>,t> In this purely extensional versiom, using § as a variable of type
= 1 » .

The type-lifting rule for term phrases can be stated as follows: <<e,t>,t>, the third-order translation &" corresponding to a given first-

i order IV translation &' would simply be XP[ P(§' , exactly analogous
If ac¢ PT and o translates as a' ¢ MEe,'then o also translates u. PLy [ ®(8")] y og
to the term-phrase lifting rule given above.

as a" in ME where o' = AP[P(a')]. (P is a variable of type

<<e, t>, t>? . i
5.) To reach the intemsional type we actually want, the rule would
<e, t>.). ) .

instead be:
2, 1V phrases. The type for first-order extensional IV phrases .
§" = (s’ is of t <, <<e, t>, t>>,
is <e,t>. The type for intensional IV phrases like appears to be approaching 7 ﬁ )1 (Piso yPe <8,<<e,t>, )

3. Tv ph . itd . ; ad
1s <<, (higher) type(T)>, t>, which by the line of reasoning followed ‘ . Phrases. Transitive verbs (or TV phrases, such as persuade
to leave, comsider intelligent; see Bach (1980b)) are of syntactic category

above is <<s,<<e,t>,t>>,t>. If there were nmo g is this type, we would ;

h array of types for terms and IV-phrases that forms a sort of IV/T; we how have two semantic types for T and two for 1V, so potentially

‘have an 8, = € :

"type-ladder” from O-order predicates (entities) to third-order predicates, we have at least four types for TV (eight if we allow as an independent
sh in Table 1 ’ variable whether functions take extensions or intensions as their arguments, )

as shown in Table 1.

v3rd 4 <<, to, t>, t> By the generalizations we present later ‘in this Appendix, we could predict

order Wt E3,

vhat all of the readings would be; here for simplicity we just concern

ourselves with two: the fully extensional first-order type <e,<e,t>>,

2nd order <<e, t>, t>
. and a type where the argument is the intension of a second-order

. L
term phrase, i.e. <s,<<e,t>,t>>, and the result is a simple IV, type

1st order . <e,t>
] <e,t>, so0 the TV type is <<s,<<e,t>,t>>,<e,t>>. Then the rule for giving
i 0 ord ) -~ b R ’ : the higher-type TV translation §" from the lower-type one &' is this:
order : e R L : . :
i T v"'lIV hrases §" = ¥ [YPOHiv [§ (VY ()])], where P is of type <s,<<e,t>,t>>,
erms . L L¥-pnrases . )

Table I u,v of type e.
It appears to us that the actual array-of kinds of type-liftings

The lines comnecting types in Table 1 show coinpat-ible function-argument. needed for TV's 1s limited in that there are no cases where TV takes

' : types; in two of the cases, the IV is the ‘function .and .the -subject ‘term © . an intension of a full term-phrase .'objeci: to give an intensional IV.

—;hei's\.;bject cerni,iahi'aaq .V;This reflects the apparent fact that there are no basic lexical verbs

phrase the argument,.while in the middle case,

s
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that are int'ensional with respec:'to‘both subject and object. We can
passivize an intensional TV to get an intensional IV, but the result

of passivization is no longer a TV (see Bach (1980B); other means of
producing intensional IV's involve the addition of modal auxiliaries

or perhaps adverbs to extensional IV's. There seem to be a few simple
intensional IV's such as 'be missing', as in 'one pencil is missing
from this (new) box of pencils' but these do not include TV"s. The
only known candidates are what Postal (1970) called the "Psych-movement"

verbs like surprise, worry, intrigue, ete.; whether or not they are

really intensional with respect to subject position (and we are inclined
to believe they are not), they are certainly extensional with respect
to object position. So it appears that the only cases of type-lifting
actually needed for TV's are versions of the case discussed in gection
IV, going from an argument of type e to.a full term-phrase argument,
with the resultant always an IV of type <e;t> (how many such cases there
are then depends on the distribution of s's in the higher term-phrase
type(s). It may be that the rule given above is the only one- needed.)
4. Generalizations. All of the rules stafed above and more can

be gotten by working from four basic "type-1lifting" principles‘ which
‘we tentatively hypothesize as a complete set. The first three are
perfectly general and follow from the interpretation of the type system;

the fourth is a special one for term phrases.

TL1l: * Extension-to-intension. v Given o' of any type a, we can predict
an interpretation a" of type <s,a>: a" =%q’

TL2: Extensional argument to intensional arpument. Given a' of type

<a,b> for any a and b, we can predict a" of type<<s,a>,b>:

a' - Ax[&'("x)]. vhere x is of type <s,a>..
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TL3: Argument-to-function flip-flop. For any types a and b , given

a' of type a, we can predict an interpretation o' of type

<<a,b>,b>: a" = AP [P(a')], where P is of type <a,b>

TL4: E}tity-argument—to—term phrase argument: This rule is somewhat
more complex and more closely tied to the type structure instantiated
in PTQ than the first three. The rule concerns expressions of syntactic
category A/T for any A (e.g. t?ransicive verbs, d0.\1b1e object verbs,
prepositions), and is designed to lift their translations from type
I<e, type(A)> to type <<<e,t>,t> , type(A)>. (Rule (i1) can then apply -
to make the argugent intensional.) We rely crucially on the fact that
every function category in PTQ, and in most extensions of PTQ, "ends
in t"; that is, for every expression of a' of a category other than
e, <s,e>, or t that can arise as the translation of an English expressionm,
there is some sequence of arg;unents B'l,..., B'n, such that a'(B'l)...
(B'n) is of type t. For such types, we can state the rule as follows:
(TL4) For any type a that "'ends in t", given o' of type <e,a> , we
can predict an interpretation o' of type <<<e,t>,t>,a>:

a' = MPAvy ... AV [P Qula’ @) (V). (v))])]

where P is of type <<e,t>,t>, u is of type e and Vq-.ev, are of

+  types such that o' (u) (vl)...(vn) is of type t.

Building on a generalization of 'quantifying-in' rules developed
in Rooth (198D, we can define this rule more formally by way of a recurs:i\.re
definition of a 'quantifying-in' schema. Define Q(y,a,1) as follows:

20
where ¥ is of type <<e,t>,t>, a is any expression, and 1 is an index:

. T(kxjo) if type (&) = ¢t
(Y, 0,1) = -

Ave Q (Y, a(v.),1) 1f ‘Eype (o) = ?c.d>
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Then we can restate the type=lifting rule as follows:

(tLe’) o' = AP[o(P,a'(x,),1)].

The TV rule given earlier was an instance of this schema; one can
view Montague's meaning postulates for extensional first-order prepositions

and for transitive verbs as instances of the inverse of the same schema.

One upshot of these rules is that in place of Montague's uniform translation

for basic grammatical relations as a'(*8'), we probably want folhave just the
instruction “combine a' and B' by function-argument application,”" This is to
be interpreted in accordance with our processing strategy as an instruction to
do the combination at the lowest types possible; if neither a' nor B' can

take the other as argument directly, the minimum number of type~lifting rules

should be applied to get types compatible for functioneargument application.
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Appendix Bt Extensions based on Link's algebra

Godehard Link (this volume) proposes a Boolean algebra structure for
the domain of entities E (De in Montague's terms), The set of atoms A of
the Boolean algebra correspond to the ordinary '"singular" individuals, and
under the join operationl j .
joins of these/correspond to "plural individuals”. (There is a distinguished

subset D € A, corresponding to "bits of matter", which has its own semilattice

" structure with a join operation corresponding to "material fusion"; the

manner in which this "mass term"- substructure is integrated witﬁbthe laréer
Boolean algebra provides the basis for an elegant unified treatment of singulars,
plurals, and mass nouné, but we ignore the mass term subsystem here.) If a
and b denote elements of E, the "plural iﬂdividualz“ denoted by a € b, namely
[Hall Uillb}l is again an element of E, {.e. still corresponds to type e;
Suppose then tﬁat we say that there is a second basic English and which
combines expressions of type e to give a new expression of type e, interpreted
as Link's ® operator. Intuitively, we can think of this égg as the "group-
reading”.and as opposed to the "distributive~reading" and we have been
concerned with in the rest of the paper. If we now think of our earlier
recursive definition of conjoinable types as a definition of "t-conjoinable"

types, we can give a parallel definition of e-conjoinable types:

Definition: (i) e is an e-conjoinable type

(i) 4f b is an e~conjoinable type, <a,b> 18 an

e=conjoinable type, for any type a.

However: the only eeconjoinable types that occur in PIQ are e and <s,e>,
so although @ is in principle just as generalizable as A , it does not in
fact generalize very far in English,

We can now provide a natural account of the ambiguous sentence (iii):




(111) Jobn and Mary 1ifted the piano.

Let us suppose that proper names are basically of type e; and we now
have two generalized and's, which we can abbreviate as and  and and .

Syntactically, the conjoined term phrase has two analyses, (iv) and (v)

(iv) John ande Mary, T

//]\
John, T ande Mary, T

) John and - Mary, €

/l'\
John, T andc Mary, T

) Semantically, we first interpret John and Mary as being of type e, say j and

m; in (iv) they are of the right types to combine immediately with _a_r_\ge to

give j ® m as the translation of the result, giving the "group" reading, in
which the 1ifting of the piano is predicated of the 'plural individual" consisting
. of John and Mary. 1In (v), since e is not a t-conjoinable type, we cannot

combine j and m directly with 'a_n_c_i_t; but we can lift j and m to .the corresponding
second-order term phrase interpretations AP[P(3)] and AP[P(m)] of type

<<e,t>,t>, which is a t-conjoinable type. This gives the distributive reading

(vi), which is logically equivalent to (vii),

1) AQDP[P() 1@ AP[P@ (@]  (1ift-the-piano’)

(vii) lift-the-piano' (3) A 1lift-the-piano’(m)

Note that we do not want the processing strategy of "trying the lowest
possible types first" to prevent the second derivation, since the sentence .is

But it will not prevent it if we make the assumption

genuinely ambiguous,

that whenever we have homonyms with genuinely Flifferent meanings, as in the

case of and and and,_, we can try either One;"an_ti fo.x:. and , the full.:ém- )

phrase type g the lowest type at which tht-:_"'_neagings' ‘can copbine. .- !
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Footnotes.

Lie will have something to say about the “group—readi:ig" and with
noun phrases in Appendix B. ‘
2’Ihe correct types, with s's, are:
t~t A
e -e
CN,IV - <<s,e>,t>
T ~ <<§,<<5,e>,t>>,t>
TV - <<s,type(T)>, type(IV)>
3Actua11y he introduces only or for category T in order to avoid
having to treat plurals. We ignore that and include the and rule for
T as well (with the "distributive", not the "group" reading.)
"Scme'vhat more generally, if {B:l.}i ca B2 family of Boolean algebras,
than its product is the Cartesian product iT! A B:l. with operat‘:lons (h,v
and !) defined coordinate by coordinate. One way of defining the Cartesian

product of {Bi}i cA 15 as the set of all functions from A to iLEJB B, such

that for each i, £(1) € B In the present case, all the Bi 8 are simply

1°

Db’ and 1’ l b is simply D A For a more substantive presentation, see

for instance Halmos (1963).
5Gazdar gets the recursion started in a slightly differ."ent way.  He

represents the truth values as sets, 0={ }and 1 = {{ }} and notes that

the oi)érations A and v coincide with sét intersection and set union,

respectivé,ly. The denotations of type <a,t> are also considered sets (rather

than characteristic functions); the denotations of type <a,b> with b. £t
are'functions -as umal. He then defin‘eg
x 8 y-xu y 1f x and y are sets

) = {<z,xty>¥<z,x> € x-and <z,y»&y} if x and y are functions.
efinition obscures the fact

> - §imilarly for U . This way of form_xlating the t}

“3fm
that D<a.t>'inherits its operations from D, in the same way that
D<a,h> inherits its operations from Db’ where b ¥ t.

6The restriction requiring that ¢ and ¢ be modally closed (i.e. <that
they not vary in their denotation from world to world) corresponds to
the requirement in (6a) that ¢ and ¢ contain no free occurrences of z.
For in a sense, an expression which is not modally closed contains

a free variable over worlds.
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7we have.been assured by native speakers that the same judgements
in these and the following cases hold good for at least German, Czech,
Hungarian, Portuguese, and Hebrew as well as English. In languages
like Japanese with free "Pronoun-drop", the sentences are more likely
to be judged ambiguous, but we would be very surprised to find a language
in which the "wrong result" - "right result" judgements wc;_re the reverse
of those for English.

8We owe the observation that the conjunction of an inten‘sional and
an extensional verb fits the predictions of the schema to Wynn Chao.
9The reading predicted by (8) for (6) and (7) may be \'an available
reading, but as mentioned above, we should presumably get that reading
(if at all) by quantifying in (or an equivalent interpretive procedure).
The new type assignment would incorrectly predict the unavailability
of what is surely the more natural reading for these examples.
10W1th the full intensional type system, buy would still be entered
lexically as type <e,<e,t>>., If we want 3.11'2 to be of Montague's TV
type, <<s,type(2)>,<<s,e>,t>>, then

buy', = ®ax{®{ay[buy, (“y)(*x)}}].
Note that this corresponds exactly to the relation between eat' and
eat', in PTQ, but we are reversing which one is to be taken as basic.

(The wvariables in this footnote correspond to Montague's notational

conventions; those in the text are of corresponding s-less types.)

temporary garden path and require backtracking. Petr Sgall has suggested
that extensional-first is possib]:e with sufficient prior context. His example,
slightly modified, is this: ™I often got gifts from my husband, but '
seldom . did I géc anything useful., I remember piles of handkerchiefs that
I got and didn't need. But I got and did need a new coat at the
beginning of winter."

The difficulty of constructing such examples may also be partly
a reflection of the fact that in most cases thé intensién;l. verb denotes
an attitude toward 'any old such-and~such' (such as wanting or needing)
which generally is understood to precede the action denoted by the .
extensional verb, and there is a strong preference for preserving

temporal order in the order of conjuﬁcts.

llln conjoining an intensional with an extensional verb, it seems much
more;.natural to have the intensional one first, and very difficulty to interpret
a conjunction with the extensional verb first. Lyn‘l Frazier has suggeafed
that this fact might have a matural processing explanation in our system:
H ’ if the intensional verb is'enéoimteréd first, the hearer knows immediately

that the conjunction must be intensional and can apply type-lifting rules

s

u

to mé‘.‘u,tensional verb -immediately; the otﬁér ortier: would produce a




[

. 12Aga:m the data appears to be the same for the other languages
mentioned in footnote 7 , and again we mist add some caveats about the
data. Where an intensional, or subject-as-argument, reading is predicted
(paraphrase (22) above), an extensional or subject-as-function reading
will generally be available as well via quantifying in., Where only
an extensional reading 1s predicted (paraphrase (21) above), the other
reading is predicted to be impossible,but sometimes the other‘ reading
seems possible if the intonation is highly marked and/or the context
strongly supports that reading. Fof the examples given, assuming norm;ﬂ e
intonation and no special context, the judgements seem quite clear.
For discussion of conflicting judgements about some other examples,
see Bach (1980a),footnote 2.

BThe move away from (e,t.) as the type for IV's to a type which

takes the intension of the subject term phrase as argument has been
motivated in part by a move toward generating surface structure directly
without using transformations such as Passive and Subject Raising. Montague
noted the apparent intensionaiity of subject position in sentences such
as (1), but assumed that such

(1) A unicorn appears to be approaching.

sentences would be accounted for 1ﬁdirect1y. It is still an open question

whether there are any basic verbs which are intensional with respect
to subject position in simple active se.ﬁtences; our examples of intensional
IV's are built up by forming passives of intensional TV's (need, expect)
or by adding modal operators (will, surely) to extensional IV's.

-148m intensional verbs like want appear very eérly, i>efore quantifier
phras;s are mastered. We believe (without detailed imvestigation) that

the earliest uses of want as an intensional transitive verb has just

indefinite noun phrases or bare common nouns as object ("want a cookie",
"want cookie"), suggesting that at least at the outset, it may be that

the object of Intensional verbs is just a property-denoting expression.

- Whether this survives into the adult system is an interesting open question;

if it does, it might help to explain vhy every-phrases seem to be harder
than a-phrases to interpret intensionally when they occur as cbjects

of verbs like look for and want.

15A homomorphi;sm h between two Boolean algebras Bl and B2 is a
funf:tion 'consistent with' the 'operations A, v and ¢ and the constants
0 and 1; it is required to satisfy the following identities:

(for all x, y e Bl):

h(xay) = h(x)a h(y)
h{xvy) =h(x)v h(y)
h&x® = hEx)©

h(0) =0

h(1) =1

The operations (and constants) on the left are in Bl, those on the right

in B2 f ) R

ls’me fact that type—lifﬁing rules can be applied as easily to
phrases as to lexical items may be an added advantage for these rules
over Montague's meaning postulates. In the case of lexical itenms,

our rules are in effect inverses of the meaning postulates that "lower"
the types of various words. But meaning postulates; because they are
constraints on possible interpretations, cannot refer to arbitrary

expressions of a given semantic type, and it seems to be an open question




vhether they can refer tol 'éﬁy.expreasion '(of'EIi.) which is a translation
of an expression (of Englisﬁ) of syntactic category A'. A serious discussion
of the proper characterization of meaning postulates is well beyond

the scope of this paper, however,

o 17If we follow Montague's treatment of price and t;amperature,
we would also want singular pronoﬁns of type <s,e>; this could be accomo-
dated in the gemeralizations we propose toward the end of- thi.s' appendix.
19We have not exploited this rule directly in any of our examples.

One natural use of it would be to ‘eliminate Montague's uniform assignment
of intensions in translation Tules of func;:ional application, and allow

) funqtor.Acategorie&B/A to be interpreted eithe;'r é_s of type <a,b> or

- of ;:ype <<s.a>,b>;“ t:henwi',f a"vfunctot <<8,8>,b> .isb trying to combine
with an argument of type &, .this rule will 1ift the argument to type

<s,a>. 1f on the other hand wé have a functor of type <a,b> and an

argument ‘of type <s,a>, the next rule below will 1ift the type of the

functor to <<s,a>,b>. ! R

20 -
" “fhe intensional version -of this rule is

.*((")\xia.) R AF type(a).- t

Qyond) =fav, Qpalv)s1) if typea) = <e.d>, c ¥ 8

i 1f type(a) =.xs,d> -

o v

4 "Q(Y:“q,i')

~4la-

new footnote 18: If it turns out to be preferable to require that

the Iv—phrase always takes the subject as argument, we could disallow

the middle case; then for a first-order IV to combine with a 2ad- order

term, the IV would first have to be lifted to the 3rd-order type.
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