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9.3 Constrain t-Based Lexicalism

We turn now to somere ections on the relationship betweenthe sort of grammatical
descriptionsin this text and what is known about the mental processesinderlying human
languagecomprehensionand production. Adopting the familiar terminology of Chomsky
(1965), we distinguish between speakers' knowledge of their language{ what Chomsky
calledtheir "competence’'{ and the waysin which that knowledgeis put to usein speaking
and understanding { what Chomsky called “performance’.

The way we speakand understand is clearly in uenced by many things other than our
linguistic knowledge.For example,we all make speed errors on occasion,reversingwords
or garbling our utterancesin other ways; and we also sometimesmisunderstandwhat was
said. These sorts of errors are more likely to occur under certain conditions (such as a
drunk speaker or a noisy ernvironment) that have nothing to do with the interlocutors'
knowledge of the language.

There are also subtler aspects of the competence/performance distinction. For ex-
ample, memory limitations prevent anyone from being able to produce or understand a
sertence a million words long. But we do not say that all such examplesare ungrammat-
ical, becausethe memory limitations that make such sertencesunusableare not intrinsic
to our knowledge of language.(If a speaker wereto come along who could produce and
understand million-w ord sertencesof English, we would not say that that personspoke
a dierent languagefrom our own). Many other aspects of languageuse,including what
people nd easyand hard to understand, are generally included under the rubric of
performance.

Psycholinguists are concernedwith developing models of people'sactual use of lan-
guage.They try to gure out what sequencef (largely unconscious)steps people go
through in producing and understanding utterances. They are, therefore, concernedwith
the typesof errors people make, with what people nd easyand di cult, and with how
nonlinguistic factors in uence languageuse.In short, psycolinguists study performance.

Chomsky (1965:15)wrote: “In general,it seemshat the study of performancemodels
incorporating generative grammars may be a fruitful study; furthermore, it is di cult
to imagine any other basison which a theory of performance might develop.' We agree
wholeheartedly with the idea of incorporating competencegrammarsinto models of per-
formance.However, at the time Chomsky wrote this, only onetheory of generative gram-
mar had beengiven seriousconsiderationfor modeling natural language.Sincethat time,
a wide range of alternativ es have been explored. One obvious basisfor comparing these
alternativesis to seehow well they comport with what is known about performance.
That is, theories of linguistic competenceshould be able to sere as a basisfor testable
models of linguistic performance.

We believe not only that grammatical theorists should be interested in performance
modeling, but also that empirical facts about various aspects of performance can and
should inform the theory of linguistic competence. That is, compatibility with perfor-
mance models should bear on the design of grammars. As we will show later in this
chapter, there is now a considerablebody of psycdolinguistic results that suggestproper-
ties that a competencetheory should have, if it is to be embeddedwithin an accourt of
human linguistic performance.And we will arguethat the theory we have beendeveloping
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doeswell on this criterion.”

Let us start with three basic obsenations about the grammar we have been devel-

oping:

1. It is surf ace oriented . Our grammar (lik e standard context-free grammars) pro-
vides a reasonably simple structure that is directly assaiated with the string of
words that constitute ead sertence. The ancillary structure that hasto be com-
puted to ascertain whether a given sertence is grammatical expressednformation
that is straightforwardly derivable from properties of the words in the string. No
additional abstract structures are posited. In particular, our theory hasno needfor
the sequencesf phrase structures that constitute the derivations of sertencesin
transformational grammar.

2. It is constraint-based . There are no operations that destructively modify any
represenations. The principles of the theory, the grammar rules, and the lexical
ertries are all just constraints that interact soasto de ne a set of phrasestructures
{ thosethat simultaneously satisfy the relevant constraints of our grammar. Once
generated, phrase structures are not rearranged, trimmed, or otherwise modi ed
via transformational rules.

3. It is str ongl y lexicalist . We have localized most grammatical and semartic
information within lexical ertries. Theselexical entries furthermore correspond di-
rectly to the words presert in the sertence,which canbe viewed asthe key elemeris
that drive the construction of the syntactic and semartic structure of the sertence.
As will becomeevidert in the next few chapters, many of the relationships that
transformational grammarians have analyzed using rules relating sertence types
are handled in our theory via lexical rules.

Any theory that has thesethree design properties exempli es a viewpoint that we will
refer to as Constraint-Based Lexicalism (CBL).

9.4 Mo deling Performance

Available evidenceon how people produce and comprehend utterances provides some
general guidelines as to the nature of an adequate performance model. Some of that

evidenceis readily available to anyonewho pays attention to languageuse.Other evidence
has comeout of cortrolled laboratory experiments, in somecasesrequiring sophisticated
methods and equipmert. The two most striking facts about languageprocessingare the
following:

Language processingis incremertal: Utterances are sequenceof sounds. At any
point in the production or comprehensionof an utterance, languageusersare work-
ing on what hasjust beensaid and what is about to be said. Speakers do not wait
until they have their utterances fully planned to begin speaking; and listeners do
not wait until the end of an utterance to begintrying to gure out what the speaker
meansto say.

Languageprocessingis rapid: producing and understanding three words per second
is no problem.

7 Jackendoff (2002:Chapter 7) makes a similar argument. He takes a different stand on the question
of modularity, discussed in Section 9.4.3, but on the whole his conclusions and ours are quite similar.
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9.4.1 Incremen tal Pro cessing

We don't have to verture into a psycdolinguistic laboratory to cornvince ourselvesthat
language processingis highly incremertal. We saw this already in Chapter 1, when we
consideredexampleslike (47):

(47) After nding the book on the atom, Sandy went into class,con dent that there
would be no further obstaclesto getting that term paper done.

When we hear such a sertence, we processit asit comes{ more or lessword by word
{ building structure and partial interpretation incremertally, using what nonlinguistic
information we can to make the right decisionsat certain points. For example, when we
encourter the PP on the atom, we have to decidewhether it modi es VP or NOM,; this is
a kind of ambiguity resolution, i.e. deciding which of two currently available analysesis
the oneintended. We make this decision on-line’ it seemsusing a plausibility assessmen
of the meaningthat would result from ead structure. Information that can resolve suc
a local parsing ambiguity may appear later in the sertence. If the processormakes a
decision about how to resolve a local ambiguity, but information later in the sertence
shows that the decisionwasthe wrong one, we would expect processingto be disrupted.

And indeed, psydholinguists have shovn us that sertence processingsometimesdoes
go astray. Garden path exampleslike (48a,b) are as remarkable today as they were
when they were rst brought to the attention of languageresearhers®

(48) a. The horseraced past the barn fell.
b. The boat oated down the river sank.

On rst encourtering such examples,almost all English speakers judge them to be
totally ungrammatical. However, after seeingthem juxtap osedto fully well-formed ex-
ampleslike (49), speakers recognizethat exampleslike (48) are grammatical sertences,
though very hard to process.

(49) a. The horsethat was raced past the barn fell.
b. The horsetaken to the hospital died.
c. The boat that was oated down the river sank.
d. The boat seendown the river sank.

Experimental researdersthought at rst that these garden paths showved that certain
purely linguistic processingstrategies (lik e trying to build an S out of the NP the horse
and a VP beginning with raced past) were automatic - virtually impossibleto turn o.
But modern psydolinguistics has a very di erent story to tell.

First, note that in the right context, onecaneliminate the gardenpath e ect evenwith
the sertencesin (48). The right context can even makethe NOM-modifying interpretation
of raced past the barn the most natural one?

(50) The horsethat they raced around the track held up ne. The horsethat wasraced
down the road faltered a bit. And the horseraced past the barn fell.

8By Bever (1970).
9This kind of effect is discussed by Crain and Steedman (1985).
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The context here highlights the needto identify one horse among many, which in turn
favors the meaning of the NOM-modifying structure of (48a).

Moreover, if we keepthe samepotential for ambiguity, but changethe words, we can
eliminate the garden path e ect even without an elaborate preceding context. Consider
exampleslike (51a,b).

(51) a. The evidenceassenbled by the prosecution convinced the jury.
b. The thief seizedby the police turned out to be our cousin.

As shown in a number of studies!® examples like these presert no more processing
di cult y than their unambiguous courterparts in (52):

(52) a. The evidencethat was assenbled by the prosecution convinced the jury.
b. The thief who was seizedby the police turned out to be our cousin.

That is, the examplesin (51), evenin the absenceof a prior biasing context, do not cause
gardenpath e ects.

The explanation for this di erence lies in the relevant nonlinguistic information. Ev-
idence (or, say, a particular piece of evidence)can't assenble itself (or anything else),
and the sertence built out of a subject NP the eviden® and a VP headedby assembld
would require somesud implausible interpretation. (Similarly, intransitiv e usesof seize
normally take somesort of medhanical deviceastheir subject, making a thief an unlikely
subject for seiza in (51b)). That is, it is a fact about the world that only animate things
(lik e people, animals, and perhaps somekinds of machines or organizations) assenble,
and since evidenceis inanimate, that hypothesis about the interpretation of the sen-
tenceis implausible. The fact that the decisionto reject that interpretation (and hence
the assaiated sertential structure) is made so quickly asto be imperceptible (i.e. soas
to produce no noticeable garden path e ect) is evidencethat language comprehension
is working in a highly integrative and incremertal fashion. Linguistic and nonlinguistic
constraints on the interpretation are interleavedin real time.

9.4.2 Rapid Pro cessing

Just how rapidly peopleintegrate available information in processinglanguage has be-
come evidert sincethe early 1990s,thanks largely to technological advancesthat have
made possible sophisticated new methods for investigating languageusel® Of partic-
ular interest in the presert context are head-mourted eye trackers, whose application
to psydolinguistic researd was pioneeredby Michael Tanenhausof the University of
Rochester. These devices show investigators exactly where a participant's gazeis di-
rected at any given momert. By following listeners' eye movemerts during speed, it is
possibleto draw inferencesabout their mental processen a syllable-by-syllable basis.

The evidencefrom a great many experiments using this technique can be summedup
concisely as follows: listeners use whatever information is available to them, as soon as
it becomesavailable to them, to infer the speaker's intentions. In other words, language
processingrapidly draws on all available typesof linguistic and non-linguistic information
as sud information is needed.

10Gee, for example, Trueswell et al. 1992, Pearlmutter and MacDonald 1992, and Tabossi et al. 1994.
1 However, earlier work had made similar points. See, for example, Marslen-Wilson and Tyler 1987.
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In one study, for example, participants viewed a grid with seweral objects on it, e.g.
a box, a wallet, a fork, etc. Two of the objects would normally be described with words
whoseinitial portions soundthe same,for example, a candle and a candy; such pairs are
called ‘competitors'. Participants received instructions to pick up an object and to place
it somewhereelseon the grid. For example,they might be told, "Pick up the candle. Now
put it above the fork'. In somecasesthe object they weretold to pick up had a competi-
tor on the grid (e.g. in the examplejust given, a candy might be presert). Comparing
casedn which a competitor was presern to caseswithout a competitor provided evidence
regarding the processef word recognition and comprehension.Participants eye move-
mernts to the objects they picked up weresigni cantly faster in caseswhen no competitor
was presert (445 milliseconds vs. 530 milliseconds). Tanenhauset al. (1996:466) con-
cluded that the timing of eye movemerns “provides clear evidencethat retrieval of lexical
information beginsbefore the end of a word.'

Another study (also described by Tanenhauset al. (1996)) involved setsof blocks that
could di er in marking, color, and shape, sothat uniquely identifying one with a verbal
description would require a multi-w ord phrase. The stimuli were manipulated sothat the
target objects could be uniquely identi ed early, midway, or late in the production of the
description. Listeners' gazeagain moved to the target object as soon as the information
necessanyfor unique identi cation was uttered. What this information was dependednot
only on the words used, but also on what wasin the visual display.

When oneword in a description is cortrastiv ely accened (e.g. the lar ge blue trian-
gle), the conditions for unique identi cation are di erent, since there must be another
object presen satisfying all but the cortrasting word in the description (e.g. a small
blue triangle). In somecases,this allows earlier resolution of the referenceof a phrase.
Eye-tracking shawvsthat listenersusesuc accenual information in determining reference
(Tanenhauset al. 1996).

Similar results have beenobtained under many di erent conditions. For example, eye
movemerts show that resolution of prepositional phraseattachment ambiguities (Put the
appleon the towel in the box) takesplaceas soon aslistenershave the information needed
for disambiguation, and this likewise depends on both linguistic factors and the visual
display (seeTanenhauset al. 1995).

Recert eye-tracking studies (Arnold et al. 2002) show that even dis uencies in speed
are used by listeners to help them interpret speakers' intentions. In particular, when a
dis uency such asum or uh occursearly in a description, listenerstend to look at objects
that have not yet beenmertioned in the discourse.This makes sense since descriptions
of new refererts are likely to be more complex, and henceto contain more dis uencies,
than descriptions of objects previously referred to. Once again, the eye movemerts show
the listeners using the information as soon asit becomesavailable in identifying (or, in
this case,predicting the identi cation of) the objects that speakers are referring to.

It is easyto comeup with many more examplesshowing that languagecomprehension
proceedsrapidly and incremertally, with dierent typesof information utilized asthey
are neededand available. The sameis true of languageproduction. One type of evidence
for this again comesfrom dis uencies (see,for example,Clark and Wasav 1998and Clark
and Fox Tree 2002). The high rate of dis uencies in spontaneousspeedt shows that peo-
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ple start their utterances beforethey have nished planning exactly what they are going
to say and how they want to say it. And dierent typesof dis uencies are symptoms of
di erent kinds of production problems. For example, speakerstend to pauselonger when
they say um than when they say uh, suggestingthat um marks more seriousproduction

problems. Correspondingly, um tendsto occur more frequertly at the beginningsof utter-

ances!? when more planning is required, and its frequencyrelative to uh decreasedater
in utterances. The locations and frequenciesof various types of dis uencies show that

people are sensitive to a wide variety of linguistic and nonlinguistic factors in language
production, just asthey are in comprehension.

9.4.3 The Question of Mo dularit y

The processingevidencecited so far also brings out the fact that people use all kinds
of information { including nonlinguistic information { in processinglanguage.Although
this may strike somereaders as unsurprising, it has beena highly controversial issue.
Chomsky has long argued that the human language faculty is made up of numerous
largely autonomous modules (see,for example, Chomsky 1981:135).Jerry Fodor's in u-

ential 1983book The Modularity of Mind elaborated on this idea, arguing that the human
mind comprised a number of distinct modules that are “informationally encapsulated’,
in the sensethat they have accessonly to one another's outputs, not to their internal
workings.

The appeal of the modularit y hypothesisstemsprimarily from two sources.The rst is
the analogywith physical organs:sincevarious bodily functions are carried out by special-
ized organs(liv er, kidney, pancreas,etc.), it seemsplausible to posit similarly specialized
mental organsto carry out distinct cognitive functions (vision, reasoning,languagepro-
cessing,etc.).'® Second,it is generally good practice to break complex problems down
into simpler, more tractable parts. This is commonin building computer systems,and
computational metaphors have beenvery in uential in recert theorizing about the hu-
man mind. It was natural, therefore,to postulate that the mind has parts, ead of which
performs somespecialized function. Fodor's version of the modularity hypothesisis not
only that thesemental organsexist, but that they function largely independertly of eath
other.

According to this view, there should be sewere limitations on how peoplecombine in-
formation of di erent typesin cognitive activities. Many psydolinguists would claim that
the eld hassimply failed to detect such limitations, even when they use methods that
can provide very preciseinformation about timing (lik e the head-mourted eye tracker).
Theseresearhierswould arguethat linguistic processingappearsto be opportunistic from
start to nish, drawing on any kind of linguistic or nonlinguistic information that might
be helpful in guring out what is being communicated. Others working within the eld
would courter that the modularity hypothesisis not refuted by the existenceof rapid in-
formation integration in sertencecomprehensionModularity canbereconciledwith these
results, it is argued, by assumingthat informationally encapsulatedlanguage modules

12 More precisely, at the beginnings of intonation units.

13 The advocates of modularity are not entirely clear about whether they consider the language faculty
a single mental organ or a collection of them. This is analogous to the vagueness of the notion of a
physical organ: is the alimentary canal a single organ or a collection of them?
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work at a ner grain than previously believed, producing partial results of a particular
kind without consulting other modules. The outputs of these processorscould then be
integrated with other kinds of information relevant to comprehensionquite rapidly. The
controversy cortinues, hampered perhaps by a lack of general agreemen about what
counts as a module and what the space of hypotheseslooks like in between Fodor's
original strong formulation of the modularity hypothesis and the complete denial of it
embodied in, for example, connectionist networks.

9.5 A Performance-Plausible  Comp etence Grammar
Describing one of their eye-tracking experiments, Tanenhauset al. write:

[T]he instruction wasinterpreted incremertally, taking into accourt the set of
relevant refererts presen in the visual work space....Thatinformation from
another modality in uences the early momerts of languageprocessingis con-
sistert with constraint-based models of languageprocessing,but problematic
for modelsholding that initial linguistic processings encapsulated.(1996:466)

More generally, language understanding appearsto be a processof constraint satis-
faction. Competing interpretations exist in parallel, but are active to varying degrees A
particular alternativ e interpretation is active to the extent that evidenceis available to
support it asthe correct interpretation of the utterance being processed.Note, by the
way, that frequencycan also play a signi cant role here. One reasonthe horseraced past
the barn exampleis such a strong gardenpath is that raced occurs much more frequertly
asa nite verb form than as the passiwe participle of the transitiv e use of race, which
is precisely what the NOM-modifying reading requires. Ambiguity resolution is a con-
tinuous process,where inherent degreesof activation (e.g. those correlating with gross
frequency) uctuate as further evidencefor particular interpretations becomeavailable.
Sudh evidencemay in principle stem from any aspect of the sertence input or the local
or discoursecontext. A garden-path sertence is one that has an interpretation strongly
supported by initial evidencethat later turns out to be incorrect.

The next three subsectionsargue that the three de ning properties of Constraint-
Based Lexicalism, introduced in Section 9.3, receive support from available evidence
about how people processlanguage.

9.5.1 Surface-Orien tation

Our grammar assaiates structures directly with the string of words that the listener
hears, in the form (and order) that the listener hearsthem. This design feature of our
grammar is crucial in accourting for the word-by-word (or even syllable-by-syllable)
fashionin which sertence processingproceeds.We have seenthat in utterances, hearers
usetheir knowledge of languageto build partial hypothesesabout the intended meaning.
These hypothesesbecome more or less active, depending on how plausible they are,
that is, depending on how well their meaning squareswith the hearers'understanding of
what's going on in the discourse.

Sometimesthe processeven takesshort-cuts. We have all had the experienceof com-
pleting someoneelse'sutterance (a phenomenonthat is, incidentally, far more common
than one might imagine, as shown, e.g. by Wilk es-Gibbs (1986)) or of having to wait
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for someoneto nish an utterance whosecompletion had already beenmade obvious by
context. One striking example of this is "edo questions', as illustrated in the following
kind of dialogue:

(53) [Speaker A]] Seora Maria ConsueloBustamante y Bacigalupo is coming
to dinner tomorrow night.
[Speaker B:] WHO did you say is coming to dinner tomorrow night?

In a dialogue like this, it is quite likely that Speaker A may comprehendthe intent of
Speaker B's utterance well before it is complete, somewherein the region indicated by
the asterisks. Presumably, this is possible precisely becauseSpeaker A can recognize
that the remainder of B's utterance is a repetition of A's own utterance and can graft
that bit of content onto the partial analysis A has performed through word-by-word
processingof B's utterance. What exampleslike this show is that a partial linguistic
analysis(e.g.the partial linguistic analysisof whodid you, who did you sayor whodid you
say is) is constructed incremertally, assigneda (partial) interpretation, and integrated
with information from the context to produce an interpretation of a complete utterance
even before the utterance is complete. Amazing, if you think about it!

So if a grammar is to be realistic, that is, if it is to be directly embeddedin a
model of this kind of incremertal and integrative language processing,then it needs
to characterize linguistic knowledge in a way that allows for the e cien t incremertal
computation of partial analyses.Moreover, the partial grammatical analyseshave to be
keyedin to partial linguistic meanings,becausehesearewhat interacts with other factors
in processing.

The kind of grammar we are deweloping seems quite compatible with these
performance-driven designcriteria. The represenation our grammar assciateswith ead
word providesinformation about the structure of the sertencedirectly, that is, about the
phrasesthat the words are part of and about the neighboring phrasesthat they combine
with syntactically. In addition, the words of our grammar provide partial information
about the meaning of those phrases,and hence, since all phrasesare built up directly
from the componernt words and phrasesin a context-free manner, there is useful partial
semairtic information that can be constructed incremertally, using our surface-orieried
grammar.

It is not clear how to reconcilethe incremenrtal processingof utterances with trans-
formational grammar, in which the surfaceordering of elemens dependson a sequence
of structures and operations on them. If only the surface structures are involved in the
processingmodel, then the transformational derivations are evidertly irrelevant to per-
formance.On the other hand, a full derivation cannot be available incremertally, because
it necessarilyinvolvesall elemerts in the sertence.

Of coursewe have not actually spelled out the details of a performancemodel based
onagrammar like ours, but the context-free-lik e architecture of the theory and the hybrid
syntactic-semartic nature of the lexical data structures are very suggestiwe. Incremenal
computation of partial semaric structures, the key to modeling integrative sertence
processing,seemsto t in well with our grammar.
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9.5.2 Constrain t-Based Grammar

Our grammar consistsof a set of constraints that apply simultaneously to de ne which
structures are well-formed. When this abstract model of languageis applied (in a compu-
tational system,or in a model of human languageprocessing),this simultaneity is cashed
out as order independence:it doesn't matter which order the constraints are consulted
in, they will always give the samecollective result.

As noted above, the order of presertation of the words in an utterance largely deter-
minesthe order of the mental operationslisteners perform in comprehendingit. However,
words are assa@iated with many di erent kinds of information, and the architecture of
the theory doesnot imposeany xed order on which kind is used rst. For example, it
is not the casethat syntactic information (e.g. agreemei information that might rule
out a particular parse) is always consulted before semartic information (e.g. semartic
incompatibilit y that would favor or disfavor some potential interpretation of an utter-
ance). In fact, it is possibleto make an even stronger claim. In exampleslike (54), early
accessingof morphological information allows the number of sheepunder discussionto
be determined incremertally, and well before the nonlinguistic knowledge necessaryto
selectthe “fencedenclosure'senseof pen, rather than its “writing implement' sense.

(54) The sheepthat was sleepingin the pen stood up.

In (55), on the other hand, the relevant information about the world { that sheepmight
t inside a fencedenclosure,but not inside a writing implement { seemsto be accessed
well before the relevant morphological information constraining the number of sheep**

(55) The sheepin the pen had beensleepingand were about to wake up.

Sothe information accessedn on-line languageprocessingis typically made available in
an order determined by the input stream, not by the constructs of grammatical theory. In
comprehendingthesesentences,for example,a heareraccessemorphological information
earlier in (54) and later in (55) precisely becausethe order of accesss tied fairly directly
to the order of the words being processed. A theory positing a xed order of access{
for example, one that said all strictly linguistic processingmust be completed before
nonlinguistic knowledge could be brought to bear on utterance interpretation { would
not be able to accourt for the cortrast between (54) and (55).

Sud a theory would also be incompatible with the evidencefrom the head-mourted
eye-tracking studies cited earlier. Those studies show that listeners use both linguistic
and visual information to determine a speaker's intended meaning, and they useit as
soon as the information is available and helpful to them. Hence, a theory of linguistic
comprehensionmust allow the order of accesso information to remain exible.

Finally, we know that for the most part linguistic information functions fairly uni-
formly in many diversekinds of processingactivit y, including comprehension production,
translation, playing languagegames,and the like. By “fairly uniformly’ we meanthat the
set of sertencesreliably producible!® by a given speaker-heareris similar { in fact bearsa
natural relation (presumably proper inclusion) { to the setof sertencesthat that speaker-
hearer can comprehend.This might well have beenotherwise. That there is so closeand

14 This pair of examples is due to Martin Kay.
15That is, sentences short enough to utter in a real language-use situation. We also intend to rule out

production errors.
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predictable a relation betweenthe production activity and the comprehensionactivity of
any given speaker of a natural languagemilitates strongly against any theory on which

the production grammar is independert from the comprehensiongrammar, for instance.
This simple obsenation suggestsrather that the di erences between,say, comprehension
and production should be explained by a theory that posits distinct processingregimes
making use of a single language description. And that description should therefore be
a process-neutralgrammar of the language,which can serve ead kind of processthat

plays a role in on-line linguistic activity.*® Since production involvesgoing from a mean-
ing to an utterance and comprehensioninvolvesgoing from an utterance to a meaning,
a grammar that is usedin both processeshould not favor one order over the other.

Grammars whose constructs are truly process-neutral,then, hold the most promise
for the dewvelopmen of processingmodels. Transformational grammars aren't process-
neutral, becausetransformational derivations have a directionality { that is, an ordering
of operations { built into them. To interpret a transformational grammar as a model of
linguistic knowledge,then, it is necessaryto abstract away from its inherent directionality,
obscuringthe relationship betweenthe grammar and its role in processing.This problem
can be avoided by formulating a grammar as a declarative system of constraints. Such
systemsof constraints t well into modelsof processingpreciselybecausehey are process-
neutral.

What theseobsenations add up to is a view of grammar as a set of constraints, each
expressingpartial information about linguistic structures, rather than a systememploying
destructive operations of any kind. Moreover, we have also seenthat these constraints
should exhibit certain further properties, such as order-independence,if performance-
compatibility is to be achieved. The grammar we've beendeveloping hasjust thesedesign
properties { all the constructs of the grammar (lexical entries, grammar rules, even
lexical rules and our generalprinciples) are nothing more than constraints that produce
equivalent results no matter what order they are applied in.

9.5.3 Strong Lexicalism

Our theory partitions grammatical information into a number of componerts whosein-
teraction determinesthe well-formednessof particular examples.By far the richestlocus
of such information, however, is the lexicon. Our grammar rules are simple in their for-
mulation and generalin their application, asare suc aspectsof our formal theory asthe
Head Feature Principle and the ValencePrinciple. Most of the details we needin order
to analyzeindividual sertencesare codi ed in the lexical entries (though much of it need
not be stipulated, thanks to lexical rules and inheritance through the type hierarchy).
However, other divisions of grammatical labor are conceiable. Indeed, a number of
theories with highly articulated rule systemsand relatively impoverished lexicons have
beendeveloped in considerabledetail (e.g. early transformational grammar and Gener-
alized Phrase Structure Grammar, both of which are described briey in Appendix B).

16 The fact that comprehension extends beyond systematic production can be explained in terms of
differences of process — not differences of grammar. Speakers that stray far from the grammar of their
language run a serious risk of not being understood; yet hearers that allow grammatical principles to relax
when necessary will understand more than those that don’t. There is thus a deep functional motivation
for the two kinds of processing to differ as they appear to.
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We have argued for strong lexicalism on the basis of linguistic adequacy (along with
generalconsiderationsof eleganceand parsimony). It turns out that the psycdolinguistic
evidenceon languageprocessingpoints in the samedirection. Investigations of syntactic
ambiguity resolution in general and garden path e ects in particular have showvn that
the choice of words can make a big di erence. That is, the dicult y listeners exhibit in
resolving such ambiguities (including overcoming garden paths) is in uenced by factors
other than the structure of the tree. Processingis critically a ected by semaric com-
patibilit y and pragmatic plausibility, type and valence of the words involved, and the
frequencieswith which individual words occur in particular constructions. Our earlier
discussionof eye-tracking studies describessomeof the evidenceto this e ect, and there
is considerablymore (seeTanenhausand Trueswell 1995for a survey of relevant results).
To give another kind of example,a sertencebeginning with the sequenceNP 1{V{NP
canbe continuedin a number of ways. NP, could be the object of the verb, or it could be
the subject of a complemert sertence. This isillustrated in (56a), which canbe continued
asin (56b) or (56¢):
(56) a. Lou forgot the umbrella :::

b. Lou forgot the umbrella was broken.
c¢. Lou forgot the umbrella in the closet.

Hencea listener or reader encourtering (56a) must either postpone the decision about
whether to attach the NP the umbrella to the VP, or decideprematurely and then poten-
tially haveto reanalyzeit later. Either way, this placesa burden on the parserin at least
somecasesVarious experimental paradigmshave beenusedto verify the existenceof this
parsing di cult vy, including measuringreading times and tracking the eye movemerts of
readers.

However, not all verbs that could appear in place of forgot in (56a) can appear in
both of the contexts in (56b) and (56c¢). This is illustrated in (57):

(57) a. Lou hoped the umbrella was broken.
b.*Lou hoped the umbrella in the closet.
c.*Lou put the umbrella was broken.

d. Lou put the umbrella in the closet.

The increased parsing load in (56a) is reduced greatly when the valence of the verb
allows for no ambiguity, asin (57). This has beendemonstrated via the methods usedto
establish the complexity of the ambiguity in the rst place (seeTrueswell et al. 1993).
This provides strong evidencethat peopleusevalenceinformation assaiated with words
incremertally asthey processsertences.

Similarly, listeners use semaric and pragmatic information about the verb and the
following NP to choosebetweenpossibleattachment sitesfor the NP. For example,though
learn may take either an NP object or a sertential complemen, asillustrated in (58),

(58) a. Dana learnedthe umbrella was broken.
b. Dana learned a new theorem in class.

when the immediately following NP is not the sort of thing one can learn, peopledo not
exhibit the level of complexity e ects in parsing that show up in (56).
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The samesort of e ect of lexical meaning on parsing showvs up with PP attachmert
ambiguities, like thosein (59):

(59) a. The artist drew the child with a pencil.
b. Lynn likesthe hat on the shelf.

In (59a), the pencil could be either the artist's instrument or something in the child's

possessionjn (59b), on the shelf could identify either Lynn's preferred location for the

hat, or which hat it is that Lynn likes.The structural ambiguity of such sertencescauses
parsing complexity, but this is substartially mitigated when the semartics or pragmatics
of the verb and/or noun strongly favors one interpretation, asin (60):

(60) a. The artist drew the child with a bicycle.
b. Lynn bought the hat on the shelf.

In short, lexical choiceshave a substartial in uence on processing.Moreover, the in-
formation that we have beenled to posit in our lexical entries has independertly been
found to play a role in language processing.After reviewing a number of studies on
the factors that in uence syntactic ambiguity resolution, MacDonald et al. (1994) dis-
cuss what information they believe needsto be lexically specied to accourt for the
psydolinguistic results. Their list includes:

valence;

“coarse-grainedsemartic information' (i.e. the sort of information about who did
what to whom that is givenin our SEM feature); and

‘grammatically relevant features' such as ‘tense::, niteness:::, voice (active or
passiw), number:::, person::, and gender.: '

They also mertion grammatical category, which we represert in our lexical ertries by
meansof types(speci cally, the subtypesof pos). In short, the elemerts in the MacDonald
et al. list correspond remarkably well to the information that welist in our lexical ertries.

9.54 Summary

In this section we have seenhow the design features of our grammar are supported by
evidencefrom languageprocessing.A grammar must be surf ace-oriented to accourt
for the incremenrtal and integrative nature of human languageprocessing.The fact that
di erent kinds of linguistic information and even non-linguistic information are accessed
in any order, as conveniert for the processor,suggestsa constraint-based design of
grammar. This is further motivated by the process-neutrality of knowledge of language.
Finally, str ong lexicalism and the particular kinds of information assaiated with
wordsin our lexical ertries are supported by psydolinguistic evidencefrom gardenpaths,
eye-tracking experiments, and tests of parsing complexity.

9.6 Univ ersal Grammar: A Mental Organ?

In the preceding section we have argued that the design features of our grammatical
theory comport well with existing evidenceabout how peopleprocesslanguage.There is
yet another psycdholinguistic considerationthat hasplayed a certral role in much work in
generative grammar, namely, learnability. In this section,we brie y addressthe question
of evaluating our theory by this criterion.
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As noted in Chapter 1, Chomsky has argued that the most remarkable fact about
human language{ and the one he thinks linguists should be primarily concernedwith
explaining { is that virtually all children become uent speakersof a language,with little
apparert e ort or instruction. The puzzle, as Chomsky seesit, is how people can come
to know so much about languageso quickly and easily His solution in a nutshell is that
people'sknowledgeof languageis for the most part innate, not learned. This ertails that
much linguistic structure { namely, those aspectsthat are innate { must be commonto
all languages.Consequetly, a certral goal of much work in modern syntactic theory has
beento develop a conceptionof universalgrammar rich enoughto permit the descriptions
of particular languagesto be as simple as possible.

Chomsky's strong claims about the role of innate knowledgein languageacquisition
are by no means uncortroversial among dewvelopmertal psycdolinguists. In particular,
many sdolars disagreewith his position that the human languagefaculty is highly task-
speci ¢ { that is, that peopleare born with a “'mertal organ' for languagewhich is distinct
in its organization and functioning from other cognitive abilities (see,for example, Bates
and MacWhinney 1989, Tomasello 1992 and Elman et al. 1996 for argumens against
Chomsky's position; but seealso Hauser et al. 2002).

There canbelittle doubt that biology is crucial to the human capacity for language;if
it werenot, family petswould acquirethe samelinguistic competenceasthe children they
are raisedwith. There is no doubt that humansare quite special, biologically, though the
details of just what is special remain to be worked out. It is far lessclear, for example,
that the human capacity for languageis asindependen of other systemsof knowledgeas
has sometimessuggested.A range of views on this issueare possible. At one end of the
spectrum is the idea that the languagefaculty is a fully autonomous module, unrelated
to general cognitive capacity. At the other end is the idea that there are no speci cally
linguistic abilities { that our capacity to learn languagearisesessetially as a side-e ect
of our generalintelligence or of other abilities. Chomsky's view is closeto the former;!’
Tomasello(1992) arguesfor something closeto the latter. Other scholars have defended
views somewherein between.

The participants in this debate often seemto be talking past one another. Opponerts
of task-speci cit y tend to take a simplistic view of linguistic structure, emphasizingbasic
communicativ e functions while ignoring the intricacies of syntax that are the bread and
butter of generative grammar. On the other hand, proponens of task-speci city have
a tendency to leap from the complexity of their analysesto the conclusion that the
knowledgeinvolved must be innate and unique to language.

We nd much of the argumertation on both sidesof this controversy uncorvincing,
and hencewe take no position in this book. Nevertheless,the theory preserted here can
contribute to its resolution. Explicit syntactic and sematrtic analysescan facilitate more
precise formulations of what is at issuein the debate over task-speci cit y. Moreover,
formal represenations of data structures and their interactions makesit possibleto see
more clearly where there could be analoguesin other cognitive domains. Our position
is that the grammatical constructs we have beendeveloping in this text are well suited
to a theory of universal grammar, whether or not that theory turns out to be highly
task-speci ¢, and that the explicitness of our proposalscan be helpful in resolving the

17But see Hauser et al. 2002 for what seems to be a striking switch in Chomsky’s position.
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task-speci cit y question.

To justify this claim, we will considervarious componerts of our theory, namely: the
phrase structure rules, the features and their values,the type hierarchy with its feature
declarations and constraints, the de nition of phrasal licensing (incorporating the Head
Feature Principle, the ValencePrinciple, and the two semartic principles), the Binding
Theory, and the lexical rules. We will nd that most of thesehave elemerts that are very
likely universal, and that our formulations do not prejudge the issueof task-speci cit y.

Phrase Structure Rules Our grammar rules (with the exception of the Imperative
Rule) are su cien tly generalthat, asidefrom their linear ordering of the constituents,
they are natural candidates for universality. It would not be hard to factor out the
ordering, sothat versionsof theserules could be posited as part of universal grammar.

The sort of hierarchical structure induced by the rules, which we represer with trees,
is arguably not unique to language:it also seemsappropriate, for example, to aspects
of mathematical reasoning. On the other hand, the conceptsof "head', ‘complemert,
“speci er', and "‘modi er', which are crucial to our formulation of the rules, appear to
be specialized to language. If it should turn out, however, that they can be shown to
be instancesof somemore generally applicable cognitive relations, this would in no way
undermine our analysis.

Features and Values Most of the featureswe have posited have obvious cross-linguistic
application. It seemsat least plausible that a more fully worked out version of the theory
preseried here could include an invertory of featuresfrom which the feature structures of
all languagesmust be constructed. In later chapters, we will identify the valuesof some
featureswith particular English words, a practice inconsistert with saying that the set
of possiblefeature valuesis part of universalgrammar. It might be possible,however, to
restrict feature valuesto comefrom either the set of morphological forms of the language
or a universally speci able set.

Somefeatures (e.g. PER, GEND, COUNT) clearly re ect properties of the world or
of human thought, whereasothers (e.g. CASE, FORM) seemspeci cally linguistic. Our
treatment is neutral on the question of whether grammatical featureswill ultimately be
reducible to more generalaspects of cognition, though the generaldata type of features
with valuescertainly has applications beyond linguistics.

Types and the Type Hierarc hy The types we have proposed could arguably be
drawn aswell from a xed universalinventory. The feature declarations assaiated with
the typesare likewiseprobably quite similar acrosslanguages.The constraints intro duced
by sometypes (such as SHAC), on the other hand, appear to be more specic to the
particular language.Someof the (subtype and supertype) relations in the type hierarchy
(e.g. that siv-Ixm is a subtype of verb-Ixm) are surely universal, whereasothers (e.g. the
hierarchy of subtypesof agr-cat) may vary acrosslanguages.

Our typesare arranged in a default inheritance hierarchy, a kind of structure that
very likely plays an important role in how people organize many kinds of information.
Indeed, the useof such hierarchiesin linguistics wasinspired by earlier work in arti cial
intelligence, which suggestedthis sort of structure for taxonomies of concepts.The par-
ticular typeswe have posited appear task-speci cally linguistic, though we leave open
the possibility that someof them may be more general.
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Phrasal Licensing Our de nition of phrasal licensing involves both universal and
English-speci ¢ elements. As noted earlier, the Argument Realization Principle may well
di er acrosslanguages.And clearly, the CaseConstraint aswe have formulated it applies
only to English. On the other hand, the Head Feature Principle and the two semartic
principles are intended to apply to all languages.

Someparts of the phrasal licensing de nition make referenceto speci cally linguistic
constructs (such asgrammar rules, heads,and particular features), but the idea of unify-
ing information from diversesourcesinto a single structure hasnonlinguistic applications
aswell.

Binding Theory All languagesevidertly have somebinding principles, and they are
quite similar. Characteristically, there is onetype of elemen that must be bound within a
local domain and another type that cannot be locally bound. But there is cross-language
variation in just what counts as “local' and in what can serwe as the anteceders for
particular elemers. Our particular Binding Theory isthusnot part of universalgrammar.
Ideally, a grammatical theory would delineate the range of possiblebinding principles,
of which the onespresened in Chapter 7 would be instances.

While theseprinciples appearto be quite language-sgeci c, it is conceiable that they
might be explained in terms of more general cognitive principles governing identity of
reference.

Lexical Rules The lexical rules presered in the previous chapter are clearly parochial
to English. Howewver, our characterizations of derivational, inectional, and post-
in ectional lexical rules seemlike plausible candidates for universality. More generally,
our formulation of lexical rules as feature structures lays the groundwork for developing
a more articulated inheritance hierarchy of types of lexical rules. Although formulating
a general theory of what kinds of lexical rules are possibleis beyond the scope of this
book, our grammatical framework has a way of expressinggeneralizationsabout lexical
rules that are not language-particular.

The contents of these rules are quite specic to language,but their general form is
onethat one might expectto nd in many domains:if a databasecontains an object of
form X, then it also contains one of form Y.

To sum up this super cial survey of the componerts of our theory: it contains many
elemens (the grammar rules, the de nition of Well-Formed Tree Structure, the features
and types)that are plausible candidatesfor playing a role in a theory of universal gram-
mar. Moreover, someelemerts (the binding principles, somelexical rules) probably have
closeanaloguesin many other languages.Although our certral purposein this book is to
presert a preciseframework for the developmert of descriptively adequategrammars for
human languages,rather than to accourt for the puzzle of languagelearnability through
the developmen of a theory of universalgrammar, the framework we have preseried here
is neverthelessquite compatible with the latter goal.

Further, our grammatical theory suggestsa number of parallels betweenthe kinds of
information structures neededto accourt for linguistic competenceand those employed
in other cognitive domains. However, we need not commit ourselveson the question of
task-speci cit y; rather, we o er the hope that increasingly preciselinguistic descriptions
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like thosethat are possiblewithin the framework developed here will help to clarify the
nature of this controversy and its resolution.

9.7 Summary

Chomsky's famous distinction betweenknowledgeof language("competence') and use of
language("performance’) has allowed syntacticians to concerirate on relatively tractable
problems, by abstracting away from many featuresof the way peopleactually speak. But
most generative grammarians agreethat an optimal theory of competencewill play a
role in explaining many features of linguistic performance.To the extent that a theory
of grammar attains this ideal, we call it “realistic'.

We have arguedin this chapter that the theory we are developing in this book does
well by this criterion. Our theory, by virtue of being surface-orierted, constraint-based,
and strongly lexicalist, has propertiesthat t well with what we know about how people
procesautterancesand extract meaningfrom them. Our understanding of the mechanisms
that underlie linguistic performance is incomplete at preser, and many of the points
discussedin this chapter remain corntroversial. Nevertheless,a preliminary examination
of what is known about processingprovides groundsfor optimism about our approach to
syntactic theory. Considerationsof learnability also support such a favorable assessmemn

9.8 Further Reading

Many of the issuesraised in this chapter are discussedat a relatively elemenary level
in the essgs in Gleitman and Liberman 1995. Important discussionsof issuesraised in
this chapter can be found in the following works: Chomsky 1965, Bever 1970, Bates and
MacWhinney 1989, Tomasello1992,MacDonald et al. 1994, Pinker 1994, Tanenhausand
Trueswell 1995,Elman et al. 1996,Marcus 2001,Jackendo 2002,Hauseret al. 2002,and
Marcus 2004.

9.9 Problems

Problem 1: Inectional Lexical Rules With No Morphological E ect

The Singular Noun Lexical Rule, the Non-3rd-Singular Verb Lexical Rule, and the Base
Form Lexical Rule are all in ectional lexical rules (that is, rules of type i-rule) which
have no e ect on the shape (i.e. the phonology) of the word.

A. Explain why we needtheserules anyway.

B. Each of these rules have lexical exceptions, in the sensethat there are lexemes
that idiosyncratically don't undergo them. Thus, there are some nouns without
singular forms, verbs without non-third-p erson singular presen tense forms, and
verbs without baseforms. List any you can think of. [Hint: The nouns without
singular forms are onesthat must always be plural; thesearen't too hard to think
of. The exceptional verbs are much harder to come up with; we only know of two
(fairly obscure)exceptionsto the Non-3rd-Singular Verb Lexical Rule and a small
(though frequertly used) class of exceptionsto the Base Form Lexical Rule. In
short, parts of this problem are hard.]




