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meanings from these syntactic combinations is a 
hallmark of human languages. Modeling this abili
ty is one of the central aims in linguistics. The study 
of this ability is the study of the interface be
tween syntax and semantics, and answers to 
this question distinguish the major current theoretical 
frameworks. 

The Model of Perfection: Artificial 
Languages 

To understand the issues that have occupied research
ers, it is useful to compare natural languages with 
artificial or formal languages: Whether or how natu
ral bnguages differ essentially from artificial lan
guages hel ps dassi fy current views. Artificial or 
formal hnguages are typically explicitly designed 
to be 'perfect' in the following sense. For each way 
of combining two or more syntactic expressions, 
there corresponds a unique way of combining the 
meaning of the expressions that are syntactically 
combined. Technically, an isomorphism can be de
fi ned between the syntactic and semantic compo
nents of formal languages. As a result, the meaning 
of formulas of arhitrary complexity is easily and un
ambiguously read from their syntactic surface orga
nization. The formal language used to express 
referring expressions in arithmetic provides a simple 
example of this 'perfection.' The following are 
the syntactic formation rules for addition and multi
plication. 

• Syntactic rule 1: Number names and number vari
ables are syntactically well-formed expressions 
called terms. 

• Syntactic rule 2: If a and h are syntactically well
formed expressions, so is '(a + b)'. 

• Syntactic rule 3: If a and b are syntactically well
formed expressions, so is '(a h)'. 

To each of these syntactic rules there corresponds a 
well-defined semantic rule. 

A (5'(3+4)) B 

~ 
35 

~ 
5 (3+4) 5 7 

~ ~ 
3 4 

3 4 

Figure 1 The parallel between (A) syntactic composition and 
(8) semantic compOSition in the language of arithmetic. 

• Semantic rule 1: Terms refer to numbers. 
• Semantic rule 2: A formula of the form (a + b) 

refers to the sum of the referent of a and the refer
ent of h. 

• Semantic rule 3: A formula of the form (a" h) refers 
to the product of the referent of a and the referent 
of h. 

The one-to-one correspondence between the syn
tactic rules and the semantic rules unambiguously 
indicates which computations are needed to obtain 
the referent of an expression of any complexity. 
Arithmetic expressions wear the needed computa
tions to derive their referents on their sleeves, so 
to speak. As the two trees in Figure 1 informally 
depict, we can establish a one-to-one correspondence 
between syntactic computations and semantic compu
tations. Such correspondences are known as homo
morphisms or isomorphisms between syntax and 
semantics, depending on whether two different syntac
tic rules mayor may not have the same semantic im
port. Only homomorphisms are relevant for natural 
languages. 

The hypothesis that the interface between natural 
languages' syntax and semantics works like that of 
formal languages goes back to the German mathema
tician Gottlob Frege (although it is not clear that Frege 
held that view; see Pelletier, 2001). Frege's principle, 
the principle of compositionality, is defined as: 

Principle 1. Compositionality Principle (Frege's 
principle): The meaning of an expression is a 
function of the meaning of its parts and the way 
the parts are combined. 

More operationally, since Montague (1974), 
the principle is understood to mean that we can es
tablish a one-to-one correspondence or homomor
phism between syntactic and semantic operations 
(see Janssen, 1997, for a good review). The models 
of the interface between the syntax and semantics 
of natural languages that have been proposed in the 
last 30 years can be profitably categorized on the 
basis of: 

I. 

2. 

Whether they claim that natural languages differ 
essentially from the language of simple arithmetic 
formulas, that is, whether there is a homomor
phism between the syntax and semantics of natu
ral languages. 
Whether the claimed correspondence (if any) must 
exist hetween syntactic rules and semantic rules 
(as Montague originally claimed) or between the 
syntactic and semantic structures that these rules 
output. 



Where Natural Languages 
Seem Imperfect 

Interfacing syntax and semantics would become a 
rather trivial task if natural languages' syntactic 
rules/constraints/structures paired with their seman
tic rules/constraints/structures as straightforwardly as 
in the case of the language of simple arithmetic. If 
natural languages are as 'perfect' as the language of 
simple arithmetic, they are not obviously so. Thus, 
claiming that there is no 'important theoretical differ
ence' between formal and natural languages, as Mon
tague (1974: 188) did, is a bold and noteworthy 
claim. Below are sentences that illustrate some of 
the mismatches (the 'imperfections') typical of natu
ral languages. Discussions of how to appropriately 
model the interface between the syntax and semantics 
of these and similar classes of sentences has occupied 
much of the literature in the last 30 years. 

(1 a) It seems that John is tired. 
(lb) John seems to be tired. 

(2a) Who(m) did John see? 
(2b) Jean a vu qui? 

Jean has seen who(m) 

(3a) Everyone loves someone. 
(3b) 3x(human'(x) II (\iy(human'(y) ---> love'(y, x)) 

(3c) \iy(human'(y) ---> 3x(human'(x) II (love'(y, x)) 

(4a) Mary played. 
(4b) Mary will play. 

(Sa) Mary began the beer. 
(Sb) Mary enjoyed the novel. 

Sentence (1 b) is an example of what is called 
(subject-to-subject) raising and, at least at a coarse 
level of analysis, is truth-conditionally equivalent to 

(la). In both cases, the referent of John is the semantic 
argument of the meaning of the YP (be) tired; but only 
in sentence (1a) is John the subject of that YP. 
A consequence of this common semantics but distinct 
syntax is that the same combination of a subject and 
a YP does not seem to always have the same semantic 
import. In the case of the embedded clause of sen
tence (1a), that syntactic combination means the 

~ 
~ 

~ 
Jean VP 

did John see? 

Figure 2 The difference between (A) English-style and 

(8) French-style questions. 
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application of the YP meaning to the subject's mean
ing; in the case of John and seems to be tired in 
sentence (lb), it appears that it does not because the 
referent of John does not appear to be a semantic 
argument of the meaning of seems to be belieued. In 
other words, more than one semantic function might 
correspond to the combination of an NP and a yr. 

The second example's relevance is slightly different. 
Let us assume that the meanings of questions ex
pressed by sentences such as (2a) can be represented 
as in (6). 

(6) for which animate x, John saw x 

Then the surface structure of (2a) mirrors the se
mantic structure of (6). But the surface structure of 
the corresponding French sentence in (2b) (and other 
interrogative utterances in in situ languages) does not 
mirror its semantic structure (assuming that the se
mantics of English and french questions is the same). 
The difference is most easily seen in Figure 2. The 
syntactic position of who matches the semantic posi
tion of its translation in (6). Syntactically, u'/;o takes 
as its right sister a tree whose root is labeled S (its 
syntactic scope); semantically, the denotation of 1£'/;0 

is an operator that takes a propositional function as 
operand (its semantic scope). But qui, which is em
bedded within the verb phrase in French does not 
match its semantic scope (at least on the surface). 
No homomorphism seems to exist between syntactic 
and semantic structures for in situ wh-questions (al
though a homormorphism might still exist between 
syntactic and semantic rules). 

Sentences such as (3a) have been at the center of 
many theories of the interface between the syntax and 
semantics of natural language. Such sentences are 
semantically ambiguous. According to one reading, 
there is at least one person that everybody loves, say 
Gandhi. Another reading is one in which, for each 
individual, there is at least one person he or she loyes, 
but not all individuals need love the same entin; to 

each his or her own loved ones. The two first-order 
predicate logic formulas in (3b) and (3cl represent 
these two distinct readings. (El'cryollc and SO/llCOIlC 

arc understood here as equivalent to Cl'cry x thclt is 

human and 501111' x thLit is hlllllan; IJIII/hlll', /ill'C' and 
other' expressions represent the meaning of the 
corresponding English words.) If we belien that 
these different readings correspond to di fferent mean
ings of sentence (3a) (an assumption which lll~lV he 
challenged; see later discussion), sentences such ~lS 

(3a) seem to contravene the claim that natural lan
guages are 'perfect' because (3a) appears to have only 
one syntactic structure. We thus, have at least two 
semantic functions for combining a quantified direct 
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object with the verb: one in which the semantic out
put is such that the subject has wide scope over it and 
one in which the semantic output does not force the 
subject to have wide scope over it. Contrary to the 
homomorphism hypotheses, there does not seem to 
be a unique semantic rule for every grammatical com
bination (here, the combination of verbs and direct 
objects). 

The sentences in (4) exemplify the same problem 
as the sentences in (2) but within a single language. 
Under the assumption that, semantically, tense opera
tors take propositions or event descriptions as operands 
(sec Dowty, 1979; de Swart, 1998), the morpho
syntactic structure of (4a) does not match its semantic 
structure (even leaving aside the occurrence of the sub
ject outside the verb phrase). The morpho-syntactic 
expression of the tense operator is a suffix on a word 
(the verb 1'/<lY), whereas its semantic translation takes a 
full event description or proposition as argument -
,omething typically expressed as a VP or clause - as 
Informally shown in (7). 

e) TE\;SE IEVENT DESCRIPTION/ 
PROPOSITION I 

Exampic (4b) shows that English is not only 'illogi
cal,' it is not systematic, in that the same seman
tic function (tense operators) can be expressed as 
an independent word that takes a verb phrase as 
complement or as a suffix on the verb. 

Finally, example (5) illustrates that what is literally 
expressed does not provide all the intuitive semantic 
content we ascribe to utterances. What ~1ary began 
in (Sa) is drinking the beer and in (5b) reading the 
hook (possibly writing the book). Semantic content 
seems to have to be interpolated between the seman
tic translation of the verb and the semantic transla
tion of the direct object, a phenomenon dubbed 
'coercion' in the computational semantics literature 
('\1oens and Steedman, 1988; Pustejovsky, 1995). 

Theories of the Syntax-Semantics 
Mismatch 

I~\:i,ting grammatical frameworks make different 
hq~()the,c, about how the syntactic-semantic mis
matches mentioned in the previous section can be re
soked and about how artificial languages' perfection 
is reflected in natural languages. \X'e can distinguish at 
least three general hypotheses; each is currently actively 
being explored. 

• Hypothesis 1. Deep Split Structural Isomorphism 
(DSSI): :'-Jatural languages' imperfection is true 
of the surface syntactic structure of sentences. 
Hut string'i can be a'osigned different structures at 

different levels of representation, and, for each 
kind of semantic relation, there is at least one 
level at which syntactic structures match very close
ly (if not entirely) the relevant aspects of semantic 
structures. 

• Hypothesis 2. Natural Language Perfection (NLP): 
Natural languages' imperfection is only apparent. 
A single semantic combination rule can in fact be 
assigned to every combination of syntactic expres
sions (although the syntactic category of natural 
language expressions might then need to be flexibly 
assigned). 

• Hypothesis 3. Imperfections Reflect the Architec
ture of Grammars (IRAG): Natural languages' im
perfection is the result of their architecture (or even 
the architecture of the mind). Syntax and semantics 
are independent generative systems that are related 
through correspondence rules. Although there are 
regularities in how structures generated by one 
system are related to structures generated by the 
other, no homomorphic relation can be expected. 

Proponents of these hypotheses typically focus on 
distinct subsets of the mismatches mentioned in the 
previous section. The DSSI hypothesis, for example, 
which goes back at least to the 1960s (see Lakoff, 
1971), does not focus on coercion phenomena. The 
IRAG hypothesis, on the other hand, does not focus 
on quantifier scope mismatches. How easily each 
approach can tackle the entire set of mismatches or 
even whether they should (i.e., whether these mis
matches form a natural class) is unclear at this point. 
This section focuses on the mismatches that each hy
pothesis models and, in particular, those mismatches 
whose analyses are easiest to present briefly. 

The Deep Split Structural Isomorphism Hypothesis 

The descriptive import of the DSSI hypothesis is most 
easily seen in typical analyses of examples (3a) and 
(4). Maintaining the DSSI hypothesis in the face 
of these surface mismatches leads to the claim that 
sentence (3a) has two distinct syntactic structures 
at the LF level of representation (often called 

s 

~ 
NP[+O] VP 

I ~ 
everyone v NP[+O] 

I I 
loves someone 

Figure 3 The s-structure representation of sentence (3a). 



L(ogical)-F(orm)), but a single syntactic structure at 
another level (often called s-structure) (see May, 
1985; see Chomsky, 1995, and subsequent work in 
the Minimalist Program for a slightly different, but 
conceptually similar, model of these phenomena). 
Technically, these distinct structural analyses are gen
erated by using two sets of rules, a set of context-free 
rules (e.g., those in (8) for sentence (3a)) and one or 
more additional (transformational) rules such as that 
in (9). In (8), the notation NP[±QJ is used as a vari
able to range over all NPs, whereas NP[ +QJ ranges 
over only NP quantifiers. In (9), t; is a placeholder 
that indicates where the NP quantifiers moved from 
and is called a trace. (These rules are adapted from 
Chierchia and McConnell-Ginet, 2000.) 

(8a) 5 ---> NP[±QJVP 
(8b) VP ~ V NPl±QJIVP 
(8e) NPl+Q] ---> Det Nleveryonelsomeone 
(8d) Det ---> everyla 
(8e) N ----> manlwoman 
(8f) V --> loves 

(9) [s·.· NP[+Q] ... J =} [sNPl+QLls ... ti· ··Il 

The context-free rules in (9) generate the single 
s-structure-level syntactic tree in Figure 3. Subsequent 
applications of the transformational rule in (9) results 
in the two LF-level syntactic trees in Figures 4 and 5, 
depending on which of the NP[ +QJ is targeted 
first. The two relevant readings of sentence (3a) now 
receive two distinct representations at one level of 
representation, and the homomorphism principle 
can be maintained if we assume the semantic inter
pretation of sentence (3a) is read from its LF repre
sentations. (Strictly speaking, homomorphisms 
require that 'operations' be defined in both domains 
put into correspondence, e.g., syntax and semantics. 
Thus, the output structures for which an homomor
phism exists must be reanalyzed in terms of a local 
tree-building operation. Alternatively, the notion of 

s 

~ 
s 

~ 
someone NP[+Q]; s 

I ~ 
everyone ti VP 

~ 
V tj 

I 
loves 

Figure 4 LF structure for the wide-scope existential reading of 
sentence (3a). 
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order-homomorphism between structures outputed 
by the grammatical rules can be used, the relevant 
order being here tree-inclusion; see Cohn, 1981.) 
Compare the relative depth of embedding of the two 
quantified NPs in Figures 4 and 5 with that of the 
corresponding quantifiers in the first-order predicate 
logic formulas for the two readings of sentence (3a) in 
Figures 6 and 7. 

The distinction in morpho-syntactic encoding that 
tense morphemes receive both within English and 
crosslinguistically is subject to a similar kind of 
analysis for proponents of the DSSI hypothesis. The 
homomorphism hypothesis can be maintained be
cause a single surface expression can have two differ
ent structures at two distinct levels of representation. 
In particular, tense can have syntactic scope over 
the structure that denotes an event description (or 
proposition) at one level of representation (the 
d-structure, or its equivalent in the Minimalist Pro
gram) but not at another level of representation. The 
common structure of sentences (4a) and (4b) at the 
d-structure level is represented in Figure 8. 

The distinct surface expression of the morpheme 
encoding tense in sentences (4a) and (4b) follows 
from operations similar to the transformational rule 
in (9) and the assumption that these operations are 
sensitive to the distinction between affixes such as -cd 
and free morphemes such as will. The contrast in 
the encoding of time in English is only the tip of the 
iceberg. Different tenses and various aspect markers 
may vary in their surface expression within a single 
language and across languages. The strategy just out
lined can be applied generally to all these cases (see 
Cinque, 1999, for one of the most detailed explorations 
of this possibility). 

Similar accounts are provided for the data set in 
(2). More generally, the claim that 'deep down' the 
interface between syntax and semantics is more trans
parent than what surface strings suggest requires 

s 

~ 
NP[+Q]; s 

I ~ 
everyone s 

~"'--
someone ti VP 

~ 
V 

I 
loves 

Figure 5 LF structure for the narrow-scope existential reading 

of sentence (3a) 
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~ 
3x ~ 

~ 
human'(x) 1\ ~ 

human'(y) ~ love'(x, y) 

Figure 6 A tree representation of the wide-scope existential 
reading of sentence (3a), 

providing each surface string with several distinct 
syntactic analyses: 

• r\n analysis that allows predicate-argument rela
tiom (including predicate-argument relations 
of tense, aspect, and modal operators) to be hOll1o
nwrphically rcad from the syntactic tree (e.g., an 
~lIlalysis that rcads the tense prcdicatclVP argument 
reLltion from thc syntactic structures of trces such 
as the onc III Figure 8, i.e., from structures before 
\'l'rh stcms move). 

• r\n analysis that allows quantifiers and other 
,>coping reLltions that Jo not involve a predicate
argument relation (focus vs. 'presupposed: topic 
\'S. comment, and so forth) to be homomorphi
call\' rcad from another svntactic tree (e.g., an 
anah"sis that reads the quantifier/scope relation 
from the syntactic structure of trees such as the 
ones in Figures 4 and 5 i.e., from structures that 
result from moving the ~P quantifiers.) 

• :'I.n analysis that represents the structure of the 
surface string. 

To mediate among these analyses, successive appli
cations of a general rule similar to (9) is posited. 
.\!orphemes, words, or phrases whose semantic 
interpretation contravenes their surface syntactic po
,ition mllst he moved to or from a position where the 
semantic interpretation of the local syntactic struc
ture that thl'Y participate in can he easily read. For 
cxample, to account for the cvcnt description or prop
mitional nature of the scmantic argumcnt of the past 
tcn'>e opcr~ltor in sentence (4a), the past tcnse Illor
phcme L1KCS a'> syntactic complement at d-structllre a 
'>trllctllrc that includcs the vcrh stcm for II/dy, in con
formin \\'ith ih sell1antic constituency; suhsequcnt 
m()\'l'll1cnt of the \erh stem ensures that it cOll1hines 
\\ith the <;nHactically higher affix to form the surface 
\Trh form II/dyed. Similarly, the quantifiers 1'1'l'ryolll' 

and/or S()/IlI'()IIC in sentence (3a) are assumed to 
'covcrtlv' move to a position in which their semantic 
scope is casier to re~ld from the local tree they are part 
of. As a rcsult, thc syntactic notion of hierarchical 

~ 
Vy ~ 

3x ~ 

human'(y) ---'> ~ 

human'(x) 1\ love'(x, y) 

Figure 7 A tree representation of the narrow-scope existential 
reading of sentence (3a), 

TenseP 

~ 
Tense VP 

I ~ 
-ed/will Mary V 

I 
play 

Figure 8 The d-structure representation of sentences in (4), 

superiority (or c-command) matches the semantic 
notion of wide scope (at least in the traditional first
order predicate calculus representation of scope de
pendencies). Note that, the mapping of syntactic tree 
configurations onto semantic configurations must 
precede the movement operation in the case of 
the movement of the verb stem, but must follow the 
movement operation in the case of the movement of 
quantifiers. (Alternatively, the syntax-to-semantics 
mapping targets the position of the moved constitu
ent, or head of a chain in the sense of Chomsky, 1981, 
for quantifiers, but targets the position of the trace of 
the moved constituent for verb stems and raised NPs 
such as John in (lb).) 

In theories that follow the just-outlined general 
model of the interface between syntax and semantics, 
one syntactic structure can be provided from which 
the relevant part of semantic representations can be 
homol11orphically read. But, there is no single such 
structure, a state of affairs that is seen by some as 
effectivelv abandoning the spirit of Frege's composi
tionality principle (Jacobson, 2002). But, proponents 
of the DSSI hypothesis have stressed that the kind of 
structural operations and configurations necessary 
to model sentences such as (3a) or (4) are at play in 
s~'ntactic processes that do not hear on the interface 
between syntax and semantics. Strictly syntactic con
straints might thus provide independent evidence for 
the semantically more complex DSSI hypothesis (see 
\lay, 1985; Hornstein, 1995). Whether the adduced 
similarities between strictly syntactic constraints 



Syntax-5emantics Interface 433 

loves someone 

(SWP)/NP: (SWP)\((SWP)/NP) : 

Everyone "Ay"Ax.(Iove' (x, y)) "Aq.3y(human' (y) 1\ q(y)) 

S/(SWP) : SWP: FA 

"Ap.Vx(human'(x) ~ p(y)) "Ax.3y(human'(y) 1\ (Iove'(x, y)))FA 

S: 
Vx(human' (x) ~ 3y(human' (y) 1\ love' (x, y)) 

Figure 9 Derivation of the semantic representation of the narrow-scope existential reading of sentence (3a). 

and the operations/structures presented in this section 
are sufficient to weaken Frege's principle remains a 
subject of debate. 

The Natural Language Perfection Hypothesis 

Hypothesis 2 answers the interface challenge by 
denying that natural languages have any real imper
fections or that natural languages relate their syntax 
and semantics in a qualitatively distinct manner from 
artificial languages. The impression of imperfection 
comes merely from too simple a view of the rules 
available to combine natural language expressions 
and the erroneous reification of the notion of syntac
tic constituent structure. The compositionality of nat
ural languages, in this view, pertains to the pairing of 
a set of semantic and syntactic rules (the rule-to-rule 
hypothesis of Bach, 1976), not to a pairing of the 
structures that these rules output. In contrast to the 
DDSI hypothesis, the NLP hypothesis claims that 
the homomorphism between syntax and semantics 
need not be split into two partial homomorphisms (to 

infer from surface expressions predicate-argument 
relations and operator-scope relations). It also claims 
that the syntax-semantics correspondence is best un
derstood in terms of syntactic and semantic rules 
rather than between syntactic and semantic structures 
(local tree configurations, modulo the previously 
mentioned caveats). The NLP hypothesis goes back 
at least to Montague's work. It has been adopted by 
several different theories (e.g., Klein and Sag, 1985; 
Steedman, 2000; Copestake et al., 2001); it is the 
hallmark of the Categorial GrammariLambek Calcu
lus tradition. Steedman (2000) provides one of the 
most articulate versions of this approach. In his analy
sis of example (3a), as is common to all approaches 
that assume that the translation from syntactic struc
ture/categories to semantic structure/categories is 
local (the rule-to-rule hypothesis), each expression is 
assigned both a syntactic and semantic category, and 
each combinatorial rule affects both the syntactic and 
semantic categories of the expressions it combines. 
Syntactically, loves is taken to be a functor that 
must combine with a direct object NP to its right 
and a subject NP to its left to form a sentence. This 

syntactic subcategorization is written (S\NP)INP. For 
illustrative purposes, quantified NPs such as everyone 
and someone are treated syntactically as either NPs or 
functors that must combine with a YP to their right to 
form a sentence or with a verb to their left to form 
a YP. This second syntactic subcategorization is writ
ten S/(S\NP) and (S\NP)\((S\NP)/NP), respectively. 
Semantically, love denotes a predicate missing two 
arguments, and everyone and someone denote predi
cates missing one argument each. Making use of i.
abstraction to model unsaturated argument positions, 
the meaning of love can be represented as: 

i.y.i.x.love'(x, y) 

and that of everyone and someone as 

i.p.\fx(human'(x) ~ Pix)) 

and 

i.q.:3y(human'(y) AP(Y)) 

respectively. Three principles of comhination arc rel
evant to modeling sentences (3a) (a few more uni\'er
sal principles, plus language-specific constraints on 
these principles, are the only other things that arc 
needed to model the interface between the syntax 
and semantics of natural languages, according to 

this view): 

• Function application, the combination of an 
argumentlcomplement and a predicatelfunctor: 
Combining (in that order) x and y\x or y/x and x 
yields a y. 

• Type-raising, making an argument/complcnwnt 
into a predicatelfunctor: An expression of category 
x can be assigned to the category y/(y\x) or y\(y/x). 

• Function composition, composing two functors: 
Combining (in that order) two functors xl" and 
ylz yields xlz. 

The derivations of the two relevant readings of 
sentence (3a) are given in Figures 9 and to. (For case 
of exposition, type-raising operations are assumed 
to have applied in the lexicon and are not repre
sented.) The interpretation of sentence (3a) in which 
the existential quantifier has narrmv scope over the 
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Everyone loves 

S/(SINP) : (SINP)INP: 
Ap.Vx(human' (x) ~ p(x)) Ayh. (love , (x, y)) someone 
------------------------------- FC----------------

SINP: 

Ay.Vx(human' (x) ~ (love' (x, y)) 

S: 

NP 
Aq.:Jy(human' (y) 1\ q(y)) 

FA 

:Jy(human'(y) 1\ (Vx(human'(x) ~ love'(x, y)))) 

Figure 10 Derivation of the semantic representation of the wide-scope eXistential reading of sentence (3a). 

universal quantifier follows from two uses of function 
application (FA. in Figure 9; standard steps that sim
plify the resulting semantic formulas are omitted). 
The interpretation of sentence (3a) in which the exis
tential quantifier has wide scope over the universal 
quantifier follows from the use of function composi
tion first and then the use of functional application 
(Fe and FA. in Figure 10). 

The two possible derivations of sentence (3a) out
lined in Figures 9 and 10 clearly obey Frege's principle 
and the rule-to-rule hypothesis. To each s~·ntactic 

combination of two of its substrings corresponds a 
unique combination of the semantic representations 
of those two suhstrings. I.ea\·ing aside a few addition
al complexities, modeling the other mismatches pre
viously mentioned, takes a similar form under this 
view. :\lternati\"C derivations (leading to either dis
tinct surface expressions of the samc semantic content 
or distinct scmantic content for the sallle surface 
expressiOll';) stern froIll the (at ti mes nondetermi n is
tic) interaction of a handful of combinatory principles 
(function application, variolls form, of function com
pmition, and type-raising). Proponents of the NLI' 
hq)()thesls, thus, provide rule-based, truly composi
tional models of the interface between syntax and 
semantics. Whether operations posited by such mod
els, like the operations/structures posited by DSSI 
models, havc independent, purely syntactic justifica
tions remains controversial. 

The Imperfections Reflect the Architecture of 
Grammars HypotheSiS 

The IRAe; hypothesis, which is more recent and less 
fleshed out than the previous two hypotheses, takes 
the interface challenge to reflect a deep truth about 
the architecture of natural languages (if not the 
mind). In this view, natural languages are 'imperfect' 
because each level of analysis (syntax and semantics) 
has its own 'agenda,' so to speak, and although these 
'agendas' are typically aligned, they need nor be. The 
analysis of the sentences in (5) given in Jackendoff 
( 1997) (see also Sadock, 1991, for an early proposal) 

best illustrates this hypothesis. The context-free rules 
in (8) account for the (simplified) syntactic structure 
of sentence (5a), as shown in the tree in Figure II. 

Two sets of correspondence rules link the syntactic 
structure diagrammed in Figure 11 or that of the 
more explicit expression of its content in sentence 
(lOa) and their common semantic representation. 
(Begill is assumed here to denote a t\\"o place predi
cate whose two arguments are an actor and a type of 
action; informally, Flle!.·\" I (x actor, y action).) 

( 1 OJ) ~ lary hegan drinking the heer 
(IOh) ~LHY began reading the hook 

The rules for interpreting the more explicit versions 
of sentences (5) in (10) are informally formulated as 
follows. 

1. Interpret /}('gill as H/(;/\·. 

2. Interpret the denotation of (definite) direct object 
NPs as semantic argulllents of the denotation of 
verh". 

3. Interpret VP complements of verbs as denoting 
action arguillents of the interpretation of verbs. 

To model the 'nondefa ul t' correspondence between 
the syntactic relation of the verb and its direct ohject 
and their semantic relation in sentences such as (5), 
.lackendoff posits rule 4 as an altcrnative to rule 2. 

4. Interpret NP as F(lm(NP)) (i.e., as the unspecified 
activity denoted by F and involving the interpreta
tion of Nf). 

The application of rules such as rule 4 must be further 
constrained so as to not apply in the 'default' case (see 
Sadock, 1990, for suggestions and Jackendoff, 2002, 
for morc details). 

The IRAG hypothesis reselllbles the DSSI hypoth
esis in claiming that syntactic structures are linked 
to semantic structures (m()dulo the previously men
tioned caveats) and that correspondence rules take 
the form: Configuration X in syntax corresponds to 
configuration Y in semantics. But it views the assump
tion that semantic structures can always be read 
from syntactic structures (as in the DSSI hypothesis) 



V NP 

I ~ began 
Det N 

I I 
the beer 

Figure 11 The syntactic structure of sentence (5a) 

or the syntactic formation rules that have applied 
(as in the NLP hypothesis) as an illusion created 
by the existence of default correspondence rules. 
The IRAG hypothesis also ressembles the NLP hy
pothesis in positing a direct pairing of syntactic and 
semantic types (NPs and F(lnt(NP)) in rule 4, or the 
syntactic category and meaning of lexical items). But 
it insists that syntax and semantics are independent 
generative systems that derive their outputs on their 
own, and thus it views mismatches not as illusions but 
as evidence for this architectural independence or 
representational modularity (Jackendoff, 1997). 

Shaking Things Up 

How Specified Is Grammatical Meaning? 

All the appro;lChes discussed in the previous section 
presume that grammatical meaning (the output of 
interfacing the syntactic and the semantic compo· 
nents of a grammar) is a message whose content is 
similar to a logician's proposition (or its conceptual 
equivalent). The relevance of some of the examples in 
(2)-(5) to models of the interface betweCl1 syntax and 
semantics depends on this presumption. Consider ex
ample (3a). The existence of one surface syntactic 
structure but two readings for this sentence is part 
of what motivates the DSSI hypothesis and the postu
lation of multiple syntactic levels of representations. 
Similarly, the two sequences of rules deriving the twO 
readings of sentence (3a) sketched in Figures 9 and 10 
presuppose that these two readings are the output of 
interfacing syntax and semantics. Examples of coer
cion such as (5) are only relevant to the uncovering 
of the architecture of grammar if the addition of the 
'missing' material is believed to be a grammatical 
matter. If it is not, grammatical nondefault correspon
dence rules of the kind that rule 4 exemplifies are not 
needed to rectify the mismatch. 

Recent work in computational semantics challenges 
traditional assumptions about the semantic output 
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s 

~ 
NP[+OI, s 
~ ~ 

Det N 

I I 
NP[+Olj S 

/~ ~ 
every man Det N t, VP 

I I ~ 
a woman v 

I 
loves 

Figure 12 LF structure for the narrow·scope existential 

reading of sentence (11). 

of grammars and, as a consequence, has altered the 
relevance of some of the examples in (2 H 5). A fair 
amount of work, in particular, challenges the view 
that the semantic output of grammar rules or con· 
straints is fully specified and argues that this output 
is underspecified. (Cooper, 1983, is a precursor of that 
computational work. Philosophers of language and 
neo-Gricean semanticists have also challenged this 
view, e.g., Recanati, 1993; Levinson, 2001; some of 
their conclusions parallel those drawn hy computa
tional semanticists.) Two main areas of research have 
focused on whether scop~ll relations in sentences such 
as (3a) are grammatically underspecified and whether 
semantic type mismatches such as in (5) are resohed 
grammatically. The results of this research arc: 

• l\.bny scop;ll relations Illay not he detl"l"lllined 
hy grammatic1l rules or constraints, and their de
termination might innll\-e postsemantic processes. 

• The syntactic relation between a head a nd a COIll
plement (e.g., a verb and its direct ohject) may not 
correspond semantic1]]Y to the rebtion het\\een .1 
predicate and an argument (e\·en lea\·ing aside 
quantificational ;"\iPs). The corresponding semantic 
relation may be indirect, as, for example, the reL1-
tion between a predicate and an argument of an 
argument of ... an argument. 

The difference hetween underspecified and fully 
specified semantic representations can be i lIustr;lted 
lIsing tree diagrams. A fully specified semantic repre
sentation can be diagrammed as a set of full" 
connected trees, as in the case of Figures 6 and 7 for 
the first-order predicate calculus representations of 
the two relevant readings of sentence (3a). As dis
cllssed earlier, the DSSI hypothesis claims that the 
relative hierarchical position of the quantifiers in 
these semantic representations matches that of their 
syntactic expression at the LF level of analY~is (see 
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eve/}" man' 

~ 
~ 

a (so, "a''') woman' 

~ 
~ 

loves' 

Figure 13 The underspecified semantics of sentence (11). 

Figures 4 and 5). Similarly, sentence (11) (a slightly 
more complex version of (3a)) would receive as one of 
its LF analyses under the DSSI hypothesis the tree 
configuration in Figure 12. 

I 11) E verv man loves a woman. 

Underspecified semantic representations, on the 
other hand, can be diagrammed as a less than fully 
connected tree. The semantic output of parsing sen
tence (11), for example, would be a set of three partial 
trees, as Figure 13 illustrates. 

Each treelet in Figure 13 can receive a composition
al semantics (alternatively, each rule used to build the 
tree lets can be paired with a semantic rule). The 
leftmost tree can be interpreted as: 

i.p.17xlman'lx)~ Pix))) 

(the ... in the treelet is translated as a lambda
abstracted variable); the middle tree as: 

i.q.l:Jylwoman' I. qly))) 

and the rightmost tree as: 

i.yi.x.(iovc'lx, y)) 

This is very similar to what proponents of 
the NLP hypothesis would do: Each such treeler's 
meaning can be derived through functional applica
tion. But the semantic correlate of syntactically 
combining a verb and its direct object or a VP and 
its subject is merely the set union of these constitu
ents' meanings. The semantic interpretation of these 
underspecified meanings is often said to be simply the 
set of fully connected semantic trees that can be built 
from these treelets. (Reylc, 1993, provides a possible 
direct model-theoretic interpretation of underspeci
fied semantic representations.) 

Now, because the semantic output of grammars is 
not a single fully connected tree, the structure of the 
syntactic tree cannot reflect the structure of the se
mantic representation. Thus, such frameworks can 
assume a single syntactic structure as the output of 
the syntactic component of grammars - for example, 
the tree in Figure 14 for sentence (11), given the 

s 

NP[+OI VP 

~ ~ Det N 

I V NP[+OI 

eve/}' man 1 ~ loves 
Det N 

I I 
a woman 

Figure 14 The syntactic structure of sentence (11). 

phrase structure rules in (8) - while maintaining a 
rule-to-rule hypothesis. 

The analysis of sentences that involve coercion 
follows parallel lines. Egg et al. (2001), for example, 
argued that the semantic interpretation of sentences 
such as (5) does not include additional semantic ma
terial (i.e., the direct object is not grammatically inter
preted as drinking the beer and reading the book). 
Rather, the semantic output is a partial tree specifica
tion. The predicate begin' is required to dominate the 
interpretation of its complement (i.e., to include the 
interpretation of its complement within its second 
argument), but is not required to immediately domi
nate it, leaving open the possibility that pragmatic 
processes will interpolate conceptual content between 
the two. Nonstandard grammatical correspondence 
rules such as rule 4, whose sole purpose was to inter
polate such conceptual content, would now become 
otiose. 

Where Does the Meaning Come From? 

Another assumption of the first two hypotheses we 
have reviewed is that the nature of the meaning car
ried by a lexical item differs from that encoded by 
syntactic structures or rules. Words (or morphemes) 
carry substantive meanings, whereas syntactic struc
tures or rules only serve to combine or put these 
substantive meanings together. This division of 
labor is quite clear in the two derivations of sentence 
(3a) represented in Figures 9 and 10. The meanings 
of words carry the quantificational and predicative 
meanings; the rules only fill in the missing argu
ments in these lexical meanings (providing values 
for lambda-abstracted variables). Syntactic rules or 
structures in such a view do not carry meaning; they 
merely glue or combine meanings carried by words or 
morphemes. 

The last 20 years have seen the emergence of 
another view that holds that syntactic structures do 



carry meaning, too, at times (see Fillmore et at., 1988; 
Ginzburg and Sag, 2001, for early and most articu
lated examples of this line of research). Syntactic 
structures thus can both glue meanings together 
and/or carry meaning on their own. Convincing evi
der1Ce that syntactic structures, rules, or constructions 
carry meaning, is hard to come by because it is almost 
always possible to assign the meaning assigned to a 
syntactic construction to some lexical material within 
the sentence. But Ginzburg and Sag (2001) presented 
data (see also Huang, 1982) that suggest that syn
tactic structures do carry meaning. They show that 
fronting the wh-phrase, as English often does, as in 
(2a), has an effect on meaning. Fronted wh-phrases 
cannot have wider scope than their surface position. 
In contrast, wh-phrases that remain in position are 
freer in their scoping possibilities. In particular, they 
can have scope over the matrix clause when a ques
tion is embedded after verbs such as know and 
ask. The contrast between the Chinese (Mandarin 
Chinese) sentence in (12) (from Huang, 1982), in 
which the wh-phrase has remained in position, and its 
two possible interpretations indicated in its English 
translations illustrates the difference. The English 
wh-phrase has been fronted in both translations, and 
its scope is determined by its surface position. But the 
Chinese wh-phrase, which remains in place, can vary 
in scope. The different interpretative possibilities of the 
Chinese example and its English translations do not 
seem due to differences in lexical meaning between 
shei and its English counterpart who. Rather, it seems 
to follow from the different syntactic structures in 
which the two words occur (or the operations they 
undergo), thus suggesting that syntactic structures or 
rules contribute more ro meaning than the glue for 
(substantive) lexical meanings. 

(12) IZhangsan Izhidao shei mail-Ie shull 
Zhangsan know who bUY-ASP book 
'who does Zhangsan know bought books? / 

Zhangsan knows who bought books' 

Although much work has been devoted in the last 
30 years to developing more precise architectures for 
the interface between syntax and semantics and 
finding data that support them, garnering convincing 
evidence that favors one hypothesis to the exclusion 
of the others has been hard. The difficulty partly 
stems from the fact that the proposed models are 
sufficiently rich to account for most of the data. 
Choosing among them is, therefore, more a matter 
of elegance or some intuitive notion of simplicity than 
sheer descriptive adequacy. Furthermore, research 
has often focused on existence proofs (proof that 
some phenomenon can or cannot be accounted by 
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one (version of) a model) or on relatively small gram
mar fragments for which explicit syntactic and se
mantic rules or constraints are provided. Two recent 
trends suggest better model evaluation might soon be 
available. First, several researchers now usc data on 
human online sentence processing or word access as 
additional sources of evidence (see Steedman, 2000; 
Jackendoff, 2002). Second, large-scale implemented 
grammars that output both semantic and syntactic 
representations have developed in the last decade 
and might therefore allow the large-scale testing of 
the models on a realistic portion of natural lan
guages, such as the ParGram project within Lexical
Functional Grammar and the LinGO project within 
Head-driven Phrase Structure Grammar. 
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Although Arahic is the official language of Syria, 
considerahle linguistic variation exists in the forms 
of Ara hic spoken and also in the wealth of language 
minoritv communities represented in the country. 
Syria has a population of approximately 18 million 
\\'ith a litcracv rate of 76°/., . 

. \rahic diglossia exists in Syria as in other Arah 
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cal .\r~lhic and ~Iodern Standard Arabic, arc used 
al()ng~ide \\'h~lt sOllle consider lower colloquial vari
cries, which thclllselves arc represented by local 
di.lkct~. \:mth Levantinl' Arahic (Arabic, North 
Lev'amine Spokcn) (also referred to as Lehanese-Syrian 
Arahic) is an urban standard dialect based on the 
~peech of those living in {hmascus. North Levantine 
.\rabic is cOllllllonh, heard in broadcasting. Mesopota
mi~lll Arabic (,\rabic, :\'orth ~lesopotamian Spoken), 
spoken in Eastern Syria, is very similar to many Iraqi 
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talll \~uietie, of .\rabic spoken in Iraq, Jordan, and 
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Relevant Websites 

http://www2.parc.com - ParGram project within Lexical
Functional Grammar . 

http://iingo.stanford.edu - LinGO project within Head
driven Phrase Structure Grammar. 

Kurdish (Kurmanji) represents the largest language 
minority community with an estimated 1.5 million 
speakers. Although Kurdish was used for publication 
and broadcasting during the French Mandate from 
1920 to 1946, today Arabic is used in mass media and 
educational instruction within the Kurdish community. 

South Azerhaijani speakers in Syria, referred to as 
Turkmen, form a community of 100000. Circassian 
(also known as Adyghe) is a North Caucasian 
language that is spoken by approximately 40000. 
Numerous Circassian families have been displaced 
from villages in the Golan Heights. Domari speakers 
numher approximately 10000. The Domari, referred 
to as Muslim Gypsies, trace their origins to {ndia 
in the 18th century and arc spread out in communities 
in North Africa and the Middle East. 

Members of three language minority groups also 
form a large part of the Christian community in Syria. 
Armenian is spoken by an estimated 350000, many 
who live in and near Aleppo. Armenians work as pro
fessionals or in husiness, small industry, or crafts. 
Assyrian (Assyrian NeD-Aramaic) (also known as 
Neo-Syriac) is spoken by approximately 45000 in 35 
villages along the Khabur River, an important trihutary 
of the Euphrates River. Assyrian is lexically influenced 
by Akkadian, the ancient language of Assyrians and 
Bahylonians; however, it shares considerable similarity 
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