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1 Introduction

A prominent class of syntactic ambiguities in Gemmare subject-object ambiguities. A

simple example of such an ambiguity is given in e wh-phras&elches Madchem (1)

is ambiguous between nominative and accusative. ¢dassonsequence, the two sentences
under (1) are locally ambiguous until the secondi®NEncountered which is unambiguously
marked for accusative case in (1a) and for nonuaatase in (1b). From the unambiguous
case-marking on the second NP it can be inferratigéntence (1a) exhibits the word-order
subject-before-object whereas sentence (1b) esttitdt word-order object-before-subject.

(1) a. [Welches Madchen}wacchat [den Lehreg]. besucht?
which  girl has the teachervisited
“Which girl has visited the teacher?”

b. [Welches Madcheg}wacchat [der Lehrerln besucht?
which  girl has the teachervisited
“Which girl has the teacher visited”

Subject-object ambiguities have received a greal ag attention in the recent
psycholinguistic literature (cf. Hemforth, 1993; d&a&, 1994a,b and the references cited
below). This work has shown that in most types wfjsct-object ambiguities the subject-
before-object (SO) order is the preferred one. #hfer result has been that the garden-path
effects which arise when sentences are disambiguatdavor of the unpreferred object-
before-subject (OS) structure vary widely in stténganging from barely detectable effects
to effects that are easily perceived consciousiythé first part of this paper, we will present
the Case Preference Principles as an approachstepéiss parsing preferences that takes
seriously the fact that subject-object ambiguitiegays involve some kind of morphological
ambiguity, namely morphologically case-ambiguousNFhe Case Preference Principles are
motivated by experimental evidence on first-passsipg preferences in subject-object
ambiguities which cannot be explained with refeeete phrase structural information alone
but make it necessary to take morphological infdromaabout case into account.

We will then turn to the finding that garden-patfieets observed in subject-object
ambiguities vary in strength. We will propose a néhwory of the strength of garden-path
effects that stems from a generalization that wendoin experiments on subject-object
ambiguities using the method of speeded-grammagigatigments. Assuming a serial model
of the human sentence processing mechanism (HS&fMrazier, 1978; Frazier & Rayner,
1982), the notion of ungrammaticality is intimateilated to the notion of a garden-path
sentence. During the processing of every gardemgeitence, a temporary ungrammaticality
will arise at the point where the initial structusecontradicted by further input material. In
several speeded grammaticality-judgment experiments found a correlation between
garden-path strength and the processing of trulrammatical sentences: Sentences that
cause strong garden-path effects contain a temparggrammaticality that is easily detected

' This paper is the written version of the talk vawve at the Conference on Architectures and Mechenis

for Language Processing, Torino, September 1996.
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in corresponding ungrammatical sentences whereaters®s causing weak garden-path
effects contain a temporary ungrammaticality thatdifficult to detect in corresponding
ungrammatical sentences. We have termed this oplétween ungrammaticality detection
and garden-path strength the Mismatch Effect, wiadiven in (2).

(2) The Mismatch Effect
The more salient a temporary ungrammaticalityhis,dtronger the resulting garden-
path effect will be.

This correlation finds a simple explanation if & assumed that the HSPM has two
options after it has detected a temporary ungraimoalay. It can either try to reanalyze the
sentence or it can judge it as ungrammatical imatel}i, without an attempt at reanalysis.
Under this account, which ties garden-path strengthingrammaticality detection, the most
important question becomes why some ungrammatesbire easier to detect than others. At
this point, morphology will come into play againeWill show that a coherent explanation of
garden-path effects in subject-object ambiguitisspossible if the Mismatch Effect is
combined with the assumptions about the interpldy syntactic and morphological
information that were developed to account fortfpass parsing preferences. In particular,
we will show that the ease of detecting an ungranaaldy is a function of the way syntactic
features are expressed morphologically. In a manteerbe made precise below,
ungrammaticalities involving features that are llguancoded in an unambiguous way are
easier to detect than ungrammaticalities that wevdkatures that are ambiguously coded. As
we will show, this holds across different kinds syintactic features (case and agreement
features) and across different kinds of subjececbambiguities (subject-object ambiguities
in main and embedded clauses, subject-object amtibginvolving a filler-gap ambiguity or
not).

The organization of this paper is as follows. letga 2 we introduce the grammatical
background that is needed to discuss subject-objabiguities in German. In section 3 we
will discuss first-pass parsing-preferences inedéht kinds of subject-object ambiguities and
motivate the Case Preference Principles. Our apprda garden-path strength will be
introduced in section 4 and applied to a rangeubijext-object ambiguities in section 5.
Section 6 will contain a summary of the main result

2 The Syntactic and Morphological Sources of Subjeé®©bject Ambiguities

Subject-object ambiguities are the joint effecttwb properties of the German language:
First, the ordering of subject and object(s) ishhigvariable in German. This means that in
many sentences the mapping from NPs to grammatted can only be determined by the
case-markings on the NPs involved. Secondly, desfstimportance in signaling syntactic
functions, the case system of German contains nmaoyphological ambiguities (case
syncretisms). Hence, NPs are often ambiguous wgpact to their case. In this section we
will explain first how the variability in the ordieig of subject and objects comes about and
then discuss the German case system.

2.1 Derived Versus Basic Word Orders

In contrast to the SVO-language English, GermaransSOV-language (for surveys of
German syntax, cf. Grewendorf, 1988; Stechow & ri&fsid, 1988; Haider, 1993). This can
be seen in the embedded clause of (3a), whererbath verb and auxiliary are located in
clause-final position. Furthermore, German, ao#iler Germanic languages except English,
exhibits the verb-second property, which means ttaffinite verb in main clauses is raised
from its underlying clause-final position to thecerd position of the sentence and exactly
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one constituent is raised in front of it. This @wn by the sentence in (3b), where the object-
PP has been fronted to first position and the dimitixiliary to the immediately following
position. Note that (3b) also illustrates the SCQAteme of German because the infinitive (the
main verb) is still located in clause-final positio

(3) a. (Ichweil3,) dal3 Fritzimmer auf Man@arten muf3.
| know that Fritz always on Maria waiimust.

“I know that Fritz must always wait for Maria.”

b. Auf Maria muf3 Fritz immerwarten.
On Maria must Fritz always wait

“For Maria, Fritz must always wait”

In addition to being a SOV and a verb-second laggu&erman is a language with a
relatively free word-order. The relative orderinfgsabject and object(s), in particular, is not
as strictly regulated in German as it is, for ins® in English. While the order subject-
before-object is the most common one in Germairit asin English, there are also various
ways how a sentence can come to exhibit the redrevsed-order object-before-subject. If a
particular sentence exhibits OS-order, this careh@awe of three sources. The first and the
second one involve moving the object in front & Hubject, either to the specifier position of
CP or to a position that is below the specifieCéf but above the subject. The third option is
to base-generate the object in front of the subj#et will illustrate these three possibilities in
turn.

The first option is to move the object to the sfiecof CP (SpecCP). This option is used
in fronting objects to the clause-initial positionmain clauses, as illustrated in the examples
(1b) and (3b), and in question formation, as ilatgd in (4b), together with the
corresponding SO-sentence in (4a). The syntactictsires of (4a) and (4b) are shown in (5a)
and (5b). Note that these structures do not comtaitP. Instead, both subject and object are
contained within VP (cf. Haider, 1993; Reuland & dfweijer, 1993). A reason for this
particular assumption will be given belGw.

(4) a. Wer wird Fritz besuchen. SO
Who will Fritz visit?
“Who will visit Fritz"?

b. Wen wird Fritz besuchen oS
Who will Fritz visit?

“Who will Fritz visit"?

(5) a. cP b. CcP

1 /\1

l|\anom C |NBcc c

Wer Ié/\ VP Wen |“{\VP
/\ /\

wird NPhom \A wird NRm Vv’
t IN,BC V ritz lgu% \Y
Fritz besuchi t bekan {

_

There is no single syntactic assumption about Gerolause structure that is uncontroversial. Sioae
main points are not affected by particular syntaasumptions, we will not consider alternativetagtic
accounts in this paper except pointing out whemptidg different syntactic representations willde@
different conclusions about parsing.
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Movement to SpecCP is not only found in main clausa also in embedded clauses, as
shown in (6). The syntactic structures of the erdeéddclauses of (6a) and (6b) are identical
to those in (5a) and (5b) except that the finiteileary stays in clause-final position in
embedded clauses whereas it moves’tm@ain clauses.

(6) a. Ichwill wissen, wet; Fritz besuchen wird. SO
| want know who Fritz visit liwvi

“l want to know who will visit Fritz.”

b. Ich will wissen, werFritz t besuchen wird. 0OS
| want know who Fritz visit  will

“I want to know who Fritz will visit.”

OS-sentences where the object has moved to Sper€iBf acourse not peculiar to
German. As can be seen from the translations tdG#@nan examples in (4) and (6), the
same kind of OS-clauses also exist in English. M@euliar to German, and the main reason
for calling German a language with a relativelyefrgord-order, are the next two options of
producing sentences with OS-word order. The seatent(7) are similar to the ones in (4)
and (6) insofar as the OS-sentence in (7b) invalresnovement of the object in front of the
subject. However, in this case movement is not pecEP but more local, namely to a
position in the phrase-structure tree that is ledabelow CP and above the subject. In
adherence with the assumption that in German ckauBeis the sister tothe sentences in
(7a) and (7b) will receive the phrase-structurgesentations in (8a) and (8b), respectively.
In (8b), the object, which has moved to a positidjoined to VP, is coindexed with a trace in
the underlying object position.

(7) a. Ichweil3, dald der Lehrer Fritz besackid. SO
| know thatthe teacher Fritz visit will
“I know that the teacher will visit Fritz.”
b. Ich wei3, daf’ den Lehrefritz { besuchen wird. oS
|  know, thatthe teacher Fritz visit  will
“I know that Fritz will visit the teacher.”

8) a. CP b CP
c o
Ic"/\ VP & J VP
T~
dall  NRom V' al  NRc VP
der Lehrer NRc \ ﬁer NBn A4
Flritz besuchen wird Flritz NR: \Y

t besuchen wird

According to (8), the SO-sentence (7a) receivesea that is base-generated by the
grammar whereas the OS-sentence in (7b) is defieed an underlying structure by an
application of Movea. One justification for ascribing such a syntaciiterence to SO- and
OS-sentences derives from the fact that the SOrandeentences like (7a) is a “normal” or
“unmarked” order whereas the OS-order in (7b) isnarked” one. In this connection, the
markedness of a given word order derives from dotsu$ structure (cf. Hohle, 1982; von
Stechow & Uhmann, 1986). A word-order of a clausaummarked if it allows the whole
clause to be in focus, i.e. if the clause can el s an answer to a question like “What
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happened?” and thus as an out-of-the-blue-utterdrs is possible for (7a) but not for (7b).

If a word-order, in contrast, only allows narrove@ on one of its constituents, it is a marked
word-order. A sentence with such a word-order caimeoused as out-of-the-blue utterance.
Moving the object in front of the subject, as i),7has the consequence that the subject is
narrowly focused. Therefore, such a sentence camwter a question like “What happened”
but only the more specific question “Who visited teacher?”.

The base-order of a sentence is dependent on thieutar verb that the sentence
contains. Whereas for the majority of verbs the®@er is basic, certain subclasses of verbs
have an OS-base-order. The order of arguments timeitfore be specified in the argument-
structure of a verb. For the vebesuchena simplified argument-structure might look as in
(9), where the order of arguments within the vedrgument structure determines the base-
order of a clause containing the verb. From thement structure in (9), it can be determined
that the base-order is subject before accusatijgcbliNote that this base-order is found both
in (8a) and (8b). In (8a), the subject precedesadihject; in (8b), the object precedes the
subject but the subject still precedes the trade@bbject

(9) /besuchen/: [AgeRém Goahc]

As just said, not all verbs have an argument siredhat specifies the subject to precede
the object. For certain verbs, the reversed wodkrnis determined within their argument
structures. Under the assumption that the base-ofde sentence directly reflects the order
of arguments within the verb’s argument structtine, third and final way how an OS-word-
order might arise is therefore by base-generatiegabject in front of the subject. To the
class of verbs with an underlying OS-word ordeiohglmainly ergative verbs and possibly
certain psych-verbs (cf. Grewendorf, 1989). Furtiee, if a ditransitive verb is passivized,
the resulting argument structure will exhibit OSler. Since a large part of the experimental
evidence to be considered later comes from an antpignvolving active and passive
clauses, we will illustrate the possibility of bagenerating the object in front of the subject
with passive sentences.

The argument structures of the ditransitive vedhicken(to send and its passive
participle geschickt(sen) are shown in (10a) and (10b), respectively. Segs illustrating
the active and passive usesshickerare given in (115.

(10) a. /schicken/: [AgeRém Recipienta, Themecd
b. /geschickt/: [Recipiep), Them@on]

(11) a. (Fritz hat behauptet,) dal3 \kllidempar Detektiv einep.c Brief geschickt hat.
Fritz has claimed that Uli  the detective a letter sent has

“Fritz claimed that Uli sent the detective a lette

b. (Fritz hat behauptet,) daR dgpDetektiv eiRoy Brief geschickt wurde.
Fritz has claimed that the detective letter sent was

“Fritz claimed that a letter was sent to the deieet’

% For reasons of simplicity, we have collapsed imfation about thematic roles and information abasec

into a single argument structure. In a more detalecount of argument structures, these two aspegts
well be separated (cf. e.g. Grimshaw, 1990; Jaak€énti990).

4 We have replaced the perfect auxilibgt with the past tense form of the passive auxilianyde instead
of the perfect formworden ist The reason for this is that we will later presantambiguity involving
active and passive sentences where it is cruu#ldentences are disambiguated by an equal nushber
words. Note that the distinction between past temskperfect is not as clearcut in German as inigmg|
and in most contexts the two forms are interchallgea
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The passive argument structure (10b) differs frbendctive one in (10a) in two respects.
First, the agent argument is suppressed. Secorlty,theme argument, which is the
accusative object of the active verb in (10a), bez® the subject of the passive verb (10b).
These two changes are the usual ones found invpagsin. Since we assume that there is no
separate IP-projection in German, the two sentemtgd.1a) and (11b) will receive the
phrase-markers given in (12a) and (12b).

(12) a. cP b. CP
/\ /\
C VP | C VP
daf3 NRominative vV’ daf NEative Vv’
Uli NRative % em Detektiv__ NRusaive V'
dem Detektiv ~ BDRusative V ein Brief  geschickt

wurde
einen Brief geschickt
hat

These phrase-structure trees directly reflect tguraent order specified in (10). In
particular, the object is generated in front of gubject in the passive clause. Since these
phrase-structure trees do not contain an IP, tisesdso no specifier of IP where a subject
might move into by NP-movement. Hence, the treed ) are not only the D-structures of
the sentences in (11) but also the S-structures. @rhe reasons to assume that a passive
sentence like (11b) exhibits a base-generated 8tgte stems from the fact that this is the
unmarked word-order for passive clauses: in contmathe OS-sentence (7b), a passive OS-
sentence like (11b) can be used as an out-of-thediterance.

To summarize, we have seen that there are thres Wway an object might become
located in front of the subject. First, the objéctbase-generated behind the subject and
moved from this position to SpecCP (cf. (1), (49 #8)). Second, the object is base-generated
behind the subject and adjoined to VP in front lué subject (cf. (7)). The third way to
generate a sentence with OS-order is by base-gengethe object in front of the subject (cf.
(11)). This is only possible with certain verbs, &xample with certain psych-verbs and with
passivized ditransitive verbs. Common to the furstl the second option is that the OS-order
is a derived one, in the sense that the underlgidgr is SO and the OS-order is obtained by
an application of Mover, which creates a chain consisting of the moveeaitgnd its trace.
OS-sentences where the object is base-generatedninof the subject, in contrast, do not
contain a chain since the object is not moved. 8asethe distinction between derived and
base-generated OS-sentences, we can define twd blasses of subject-object ambiguities:
FILLER-GAP AMBIGUITIES which involve an ambiguous filler-gap dependencyd &ASE-
GENERATED AMBIGUITIES which do not. Before providing examples for thés® kind of
ambiguities in section 3 we will first introducense basic features of the German case
system.

2.2 The Case System of German

Certain properties of the German case system vgliré prominently in our account of
subject-object ambiguities, with respect to bottstfi and second-pass parsing. We will
discuss the German case system therefore in soraié de begin, let us first draw the usual
distinction between abstract, syntactic case andrete, morphological case. Abstract case is
what is assigned to NPs within phrase-markers. Kaggical case refers to the spelling-out
of abstract case by morphological means, for exarbplinflection. In German, dative case
differs from nominative and accusative case bothhm syntactic and the morphological
dimension.
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With respect to abstract case, nominative and atiwescase are so-called structural
cases, whereas dative case is a lexical case.t8alicases are assigned in particular
syntactic configurations whereas lexical case ssgagd by certain lexical items, foremost by
verbs. To illustrate this with an example, consitlexr sentences in (13). (13a) is a simple
sentence with a subject and an accusative objadt,(B3a’) is the passive counterpart of
(13a). The result of passivizing (13a) is that #veusative object is promoted to subject,
thereby receiving nominative case, and the origisabject is converted to sonPP
(corresponding to an English by-phrase). (13b)ser@ence that contains a verb with a dative
object. If such a sentence is passivized, the eatbject is not promoted to subject. Instead,
as shown in (13b’), the corresponding passive elatfl contains a dative NP. This means
that the assignment of dative case is not deperateat particular syntactic context but on a
particular lexical licenser. This lexical licensetl assign dative case irrespective of context.

(13) a. Sigomunterstitzt ihge a'. EfomWird von ihr unterstitzt.
She supports him He is by hepsued
“He is supported by her.”
b. Sigoem hilft ihmya b Ihmya: wird von ihr geholfen.
She helps him Him is by her helped.

“He is helped by her.”

Nominalizations provide a further context for ohseg the distinction between structural
and lexical case. An NP complement of a noun gdélgaraist carry genitive case. As shown
in (14), both nominative marked NPs (cf. (14apd accusative marked NPs (cf. (14b)) may
end up as genitive NPs under nominalization. Datiaeked NPs, in contrast, are not licit in
this kind of alternation. This is due to the lexioature of dative case. The objecthaifen
must carry dative case independently of the pddicsyntactic configuration, and therefore
the object ofhelfencannot show up if this verb is nominalized, beeailie NP complement
of a noun cannot bear dative case but only geniase.

(14) a. [Die Blatter],nfallen das Fallen [der Blattgs]

the leaves fall the falling the leav
“The leaves are fallirig “the falling of the leavés

b. Fritz schreibt [einen Brief]. das Schreiben [des Briefgs]
Fritz writes a letter the writing the letter
“Fritz is writing a lettet “the writing of the lettér

c. Fritz hilft [dem Patientegy, *das Helfen [des Patientgg]
Fritz helps the patient the help tlaignt

“Fritz is helping the patieit

A final piece of evidence for the fact that lexic@se is dependent on specific lexical
licensers whereas structural case is not, is peavigy the behavior of cognate objects (cf.
(15)). If an intransitive verb likechlafen(to sleep or rennen(to run) is used together with a
cognate object, this object must bear accusatiwge.cBative case is excluded for such
objects. This indicates that accusative case isi¢fi@ult case for objects whereas dative case
is only possible if licensed by a particular verb.

(15) a. Peter schlief [einen tiefen Schiaf) *[einem tiefen Schlaf};
“Peterslept a deep sléep

b. Peter rannte [das Rennen seines Lgheh[dem Rennen seines Lebens]
“Peter ran the race  of his life
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With respect to morphological case, we see the gatiern as the one found for abstract
case: nominative and accusative case share cprtgerties whereas dative case is different.
In particular, dative case is almost always unaodugly signaled whereas nominative and
accusative case often coincide. Consider Table Hichwshows the complete inflection
paradigm for the definite article. Besides the adye discussed cases, German has also
genitive case. Genitive is mainly used for NPs tmaidify nouns (cf. (14) above). Since
genitive case is almost extinct for arguments obseit will not be discussed further.

Table 1
The inflection paradigm for definite articles

Singular Plural
Masculine  Feminine Neuter
Nominative der die das die
Accusative den die das die
Dative dem der dem den
Genitive des der des der

Table 1 shows two things. First, with the exceptmihmasculine singular articles,
nominative forms are not differentiated from activgaforms. Second, in each column, the
dative form is distinct from both the nominativedaaccusative form. In short, nominative and
accusative case often share forms with each otltendver with dative case. What holds for
definite articles also holds for most other kindsdeterminers, like indefinite determiners
(except that there are no plural indefinite deteers) and determiner-like elements (e.g.,
demonstrative pronouns and quantifiers), pronowmasveh-words. Together with the fact that
case in German is mainly signaled on determinerd,ta a lesser degree on adjectives and
nouns, this means that there are many NPs thatvarevay case ambiguous, namely between
nominative and accusative case, whereas NPs thahage-way ambiguous are confined to
determinerless NPs like proper names and bare NPs.

Following earlier proposals (cf. Bader, Bayer, HoffMeng, 1996), we will represent
the facts about case that we have just reviewetianfollowing way. First, the distinction
between abstract and lexical case will be represeby using small letters for abstract case
and capitals for morphological case. Second, wamnasghat a lexical item bearing abstract
dative case always bears a morphological featugeabng morphological dative case. A
lexical item bearing abstract structural case (mamive or accusative), in contrast, may be
left unspecified for morphological case as longtas compatible with both nominative and
accusative case. This captures the fact that datge is most of the time unambiguously
signaled by morphological means, whereas nominaivé accusative case are often not
distinguished morphologically. Although these asgtioms were originally proposed for
psycholinguistic reasons, they meet with certagaglfound in current morphological theory
(cf. e.g. Halle & Marantz, 1993; Wunderlich & Fabii995). In particular, the systematic
morphological ambiguity (syncretism) between nortivea and accusative is captured by
underspecification, and the marked status of dasiveflected in a marked feature structure.
Sample representations illustrating our assumptasit abstract and morphological case are
given in (16). (16a) shows an NP morphologicallgenrspecified for case; (16b) shows an
NP morphologically specified for dative case an@cjlan NP morphologically specified for
accusative case.
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(16) a. VP b. VP c. VP
NP/\V NP m
acc I /dat\ | C

\Y
/T~
I?et i\l sehen helfen Det N Lehen
|
das Kind dem Kih deln/ (Lpa

As a final question with respect to the represénadf case, we have to ask how three-
way case-ambiguous words are to be representedexamnple, what will be the lexical
representation of a proper name likdi? According to our assumptions about the
morphological representation of case, the lexicgstesn must deliver the following
information to the parser. Firdtlli can bear both abstract nominative and accusasise.c
This means thatli might be unspecified for morphological case, aswrdKind in (16a).
Secondly,Uli might bear abstract dative case. This must beakgnby a morphological
dative feature as in (16b). We therefore assume tttea lexical entry for a proper name
provides two forms that can be inserted into theagé-marker: a morphologically
unspecified one for structural case (cf.(17a)) arskcond one specified for dative case (cf.
(17b)). By this assumption, proper names are taidre exceptional in that their dative form
has no overt morphological reflex.

(17) a. VP b. VP
T
'l\lpacc IV NPya IV
Uli sehen helfen

3 Parsing Preferences in Subject-Object Ambiguities

In this section we will review some experimentaldings on parsing preferences in subject-
object ambiguities. Our discussion will center amduhe question of which kind of parsing
strategy is needed to derive the first-pass pansiaterences found in German subject-object
ambiguities. As we will argue, the grammatical aggtions outlined in the preceding section
together with certain assumptions about the huneateace processing mechanism (HSPM)
can explain these preferences if it is taken imiwoant that the parser bases its decisions not
only on phrase structural information but also onsiderations concerning the syntactic and
morphological status of case.

3.1 Preferences in Filler-Gap Ambiguities

The basic classification of subject-object ambigsitin German is between filler-gap
ambiguities and base-generated ambiguities. A &yggample of a filler-gap subject-object-
ambiguity is provided by the sentence pair in (18)h (18a) exhibiting the SO-word order
and (18b) exhibiting the reversed OS-order. SiheeNPs in the embedded clauses of (18a)
and (18b) are case-ambiguous, the question whicks NBbject and which is object can only
be determined by looking at the finite auxiliaryertte, these sentences are locally ambiguous
up to the clause final word where the ambiguityeisolved. Due to subject-verb agreement,
the singular pronousie must be the subject in (18a) whereas the pluradlidFElternmust be

the subject in (18b).

(18) a. Maria hat gesagt, dal3sigs die Elterncc». angeruferhatsg
Maria has said that she the parentphoned has
“Maria said that she has phoned the parents”

b. Maria hat gesagt, dal3 giesc;die Elterpovrs.  (t) angerufemabens,
Maria has said , that her the parents phoned have
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“Maria said that the parents have phoned her”

According to the assumptions outlined above, seete(l8b) is derived from an
underlying SO-order by an application of maveThereby, the object is moved to a position
in front of the subject, leaving a trace behindisTik a doubtful trace (cf. Fodor, 1978) since
the SO-order of sentence (18a) is directly gendrhatethe grammar and does therefore not
involve any trace. In short, SO-order and OS-oritkeisentences like those in (18) are
distinguished in terms of the absence or existehegfiller-gap dependency.

The MINIMAL CHAIN PrRINCIPLE proposed by deVincenci (1991) (cf. (19)) predtbist the
SO-order should be the preferred one in sentemkeg18). This follows from the fact that
the OS-order contains an additional chain memlenety the trace, that is absent in the SO-
order.

(19) Minimal Chain Principle (MCP)
Avoid postulating unnecessary chain members atugistre, but do not delay required
chain members.

The predictions of the MCP for sentences like (i&)e been experimentally confirmed
both with the method of self-paced reading (cf. &adl994a) and with the method of
speeded-grammaticality judgments (cf. Bader, 1996a)an experiment using the latter
method, ambiguous sentences like those in (18) werapared to their unambiguous
counterparts. Unambiguous sentences were deriseddmbiguous sentences by substituting
masculine proper names and pronouns for feminiapgsrnames and pronouns. In contrast to
the ambiguous feminine pronousie masculine pronouns are differentiated between
nominative ér/he and accusative il(n/him). The experiment also contained matched
ungrammatical sentences that will be discussedwbelo the particular version of the
speeded-grammaticality judgments task used in xjperaments, words were presented in the
middle of the screen for 224ms plus an additiodahd for each character. At the end of each
sentence, three red question-marks appeared, isigrialsubjects that they now had to judge
the sentence as either grammatical or ungrammaliced response occurred within 2000 ms,
the words “Zu langsam” (too slow) appeared, and ttied was stopped. Results for this
experiment are shown in Figure 1.
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©
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Figure 1. Percentages of correct responses (t&f) sind reaction times for correct responses (digie)
for sentences like (18) and their unambiguous eparts

A clear garden-path effect can be seen both irpéneentages of sentences judged to be
grammatical and in the reaction times. For unandugusentences, no difference emerged
between sentences with SO- and sentences with @3-0Ambiguous SO-sentences
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patterned with unambiguous sentences. Ambiguouséd&nces, in contrast, showed a sharp
drop in the percentages of “grammatical” judgmesmsl a corresponding increase in the
reaction time data. This pattern of results, wheonfirms the predictions derived from the
Minimal Chain Principle, has also been found foriamas other types of filler-gap ambiguities
in German (cf. Friederici, Mecklinger, Steinhau&, Meyer, 1996; Hemforth, 1993;
Mecklinger, Schriefers, Steinhauer, & FriedericR9%; Meng, in prep.; Schlesewsky,
Fanselow, Kliegl, & Krems, 1996; Schriefers, Friede & Kihn, 1995)

3.2 Preferences in Base-Generated Ambiguities

In contrast to filler-gap ambiguities, base-geretaambiguities involve an SO- and an OS-
structure both of which are base-generated, i®.QB-order is not derived from the SO-
order. An example of such an ambiguity is given(20). As before, the ambiguity is
contained within the embedded clause. The embecldede of (20a) is an active clause with
Uli as subject andin Packcheras direct or accusative object. (20b) containgmbedded
passive clause. Hetdli is an indirect or dative object amih Packchens the subject. As
with the sentences in (18), the sentences in (Bf@r anly in the clause final auxiliary. The
SO-clause in (20a) ends in a perfect auxiliary, e the OS-clause ends in a passive
auxiliary.

(20) a. Fritz hat behauptet, dal3Jlliein Packchegnc geschickhat
Fritz has claimed thatUli a parcel sent has

“Fritz claimed that Uli has sent a parcel.”

b. Fritz hat behauptet, daf3 Adliein Packchany geschickivurde
Fritz has claimed thatUli a parcel sent was

“Fritz claimed that a parcel was sent to Uli.”

According to the syntactic assumptions outlinedvabdhe two sentences in (20) are
phrase-structurally non-distinct. Nevertheless,spassentences like (20b) with the word-
order object-before subject are consistently assegiwith garden-path effects. In contrast to
sentences like (18b), these are rather weak gaddn-effects. In a selfpaced-reading
experiment (cf. Bader, 1994a), ambiguous sentehikes(20b) took longer to read than
unambiguous control sentences but the different@al reach significance. In an experiment
using the same method of speeded-grammaticalitymeats as described above (cf. Bader,
1996b), ambiguous active and passive sentenceghidge in (20) were compared to their
unambiguous counterparts. Unambiguous sentences degived from ambiguous sentences
by replacing the ambiguous proper name with unaothig pronouns.Results for this
experiment are shown in Figure 2.

®  The experiment also included ungrammatical corsteoitences which will be discussed in detail irtisec

4.1 and 4.2.



Syntax and Morphology in Parsing 12

O Ambiguous O Ambiguous
100 - Unambiguous 1000 Unambiguous
-'C)‘ (2]
£ 80- £ 800-
S ©
o 60 - £ 600
c) -
2 S 400
c 40 - = b
g g
& 20+ & 200
0 | 0 |
Active Passive Active Passive

Figure 2: Percentages of correct responses (t&) sind reaction times for correct responses (gigle)
for sentences like (20) and their unambiguous parts

A comparison of ambiguous sentences with unambigs®ntences shows two main
things. First, there is only a slight and non-digant drop in percentages of sentences judged
to be grammatical from ambiguous to unambiguousipasentences. Second, there is a clear
ambiguity effect in the reaction time data. Ambigsa@assive clauses needed a significant
230ms more to be judged as grammatical than unambgy passive clauses. From these
results we can conclude that ambiguous passiveersezd cause garden-path effects, albeit
slight ones. This experimental finding, which hasem replicated several times, closely
matches intuitive judgments: Ambiguous passive sdgauare almost never intuitively
perceived as causing garden-path effects.

According to our syntactic assumptions, active gadsive sentences do not differ
phrase-structurally. Hence, a phrase-structureebpsaciple like the MCP does not apply to
this type of subject-object ambiguity, and the erehce for the SO-structure must be
explained with reference to some other kind of agtit knowledge. The distribution of case
provides the principal distinction between actived gpassive clauses in German and we
therefore assume that the SO-preference is dueeferpnces for certain case assignments. A
preference for certain case-assignments has altsaely found for another type of syntactic
ambiguity by Bader et al. (1996), who have propdbedCase Preference Principles in (21).

(21) Case Preference Principles
a. Prefer structural Case to lexical Case.
b. Prefer nominative Case to accusative Case.

The Case Preference Principles can be seen tdldireflect the basic properties of the
German case system as they were presented indbeding section. Clause (a) follows from
the fact that structural cases are default caseseab dative case is dependent on a lexical
licenser. Clause (b) reflects the fact that thesgmee of an accusative object implies the
presence of a subject but not vice versa. Thaeistences with a subject do not need to have
an accusative object but sentences with an acevesabiject do need a subjédhue to these
properties of the German case system, the Caser@mnet Principles are to be expected of a
cautious parser, that is, a parser that prefersthgges that make minimal assumptions about
the input.

®  There is a handful of verbs that violate this gefigation, i.e. verbs that take an accusative ahjéthout
having a subject. Besides the small number of sechs, there is also a tendency to use these vaths
an expletive subject.
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3.3 Inducing Object-Subject preferences

For simple pairs of active and passive sentende$l(t)), the SO-order is the preferred one.
Conversely, the OS-order leads to a garden-patdittefalbeit a rather weak one. We have
explained this pattern in terms of preferencesp@articular case assignments. As we will
show now, it is possible to reverse this patterrcéntain morphological means. Consider the
sentences in (22) and (23). These sentences améicaleto the sentences in (11) besides
containing a relative clause appositively relatedhie ambiguous proper name. In (22), the
relative clause is headed by a relative pronoumitgaccusative case. The relative clause in
(23) is headed by a relative pronoun bearing datase. Otherwise, the sentences in (22) and
(23) are completely parallel.

(22) Relative pronoun: structural case

a. Active
Ich glaube, daRR Maridgie ich vorhin getroffen habelas Buch gelieferthat.
| believe that M. who!l just met have the book delivered has
“I believe that Maria, who | have just met, hadidered the book.”

b. Passive
Ich glaube, daR Maridje ich vorhin getroffen habelas Buch geliefertwurde.
| believe that M. who!| just met have the book delivered was

“I believe that the book was delivered to Manho | have just met.”
(23) Relative pronoun: dative case

a. Active
Ich glaube, dafd Mariaer ich vorhin begegnet bindas Buch gelieferthat.
| believe that M. who | just met am the book delivered has

“I believe that Maria, who | have just met, hadidered the book.”

b. Passive
Ich glaube, dalR Mariaer ich vorhin begegnet bindas Buch geliefertwurde.
| believe that M. who | just met am the book delivered was

“I believe that the book was delivered to Marho | have just met.”

Ambiguous active and passive sentences contairiingreno relative clause (cf. (20)), a
relative clause headed by a relative pronoun withcgiral case (nominative or accusative)
(cf. (22)), or a relative clause headed by relapv@noun bearing dative case (cf. (23)) were
tested with the same speeded grammaticality judgmpesctedure as described above (cf.
Bader (1996b) for details). The results are shawrigure 3.
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Figure 3. Percentages of correct responses (ld&) dior sentences like (22) and (23) and correspgnd
sentences without relative clause.

Figure 3 shows a surprising result. The SO-prefaxdaund in pairs of simple active and
passive clauses (cf. (20)) reverses to an OS-mmder in sentences where an ambiguous
proper name is followed by a dative relative prandlhis reversal of the usual preference is
reflected in the sharp drop of correct judgments dotive sentences containing a dative
relative pronoun. In contrast to relative clauseaded by a dative marked relative pronoun,
the introduction of a relative clause with struetucase had almost no effect on the
processing of the sentences under consideraticaddition to the reversal of the normal SO-
preference to an OS-preference under the influeheedative relative pronoun, Figure 3 also
reveals that active sentences containing a dagélative pronoun produce a much stronger
garden-path effect than passive sentences withreikh or a structural relative clause. As can
be seen in Figure 2 and Figure 3, the percentafjesrmect responses are much lower for
active clauses containing a dative relative clatlem for passive clauses (whether they
contain a relative clause or not). We will postpdhe question why this should be so to
section 4, where the question of garden-path stinendl be discussed at length, and confine
the discussion at this point to the reversal of 8t@-preference to an OS-preferences in
sentences containing a dative relative clause. fegnisrsal can be explained in analogy to
certain results found in experiments on speechymtoah.

Consider the sentence in (24). This sentence isaomgatical due to a lack of subject-
verb agreement. In a certain sense, one mighthsdythte verb in (24) does not agree with the
singular nourvisit, as it should, but illicitly with the plural nowisters Errors of the kind in
(24) are calledhTTRACTION ERRORSbecause the subject NP erroneously “attracts’pthial
feature of an embedded noun.

(24) *The visit of my sisters were great fun.

In experiments that elicited attraction errorstw sort given in (24), an asymmetry has
been found between singular and plural nouns Bdck & Cutting, 1992; Bock & Miller,
1991). Whereas NPs of the forthe owner of the houseslicited a certain amount of
attraction errors, NPs of the fortime owners of the housery seldom did. This means that a
plural but not a singular feature might be errorsbpuattracted. This asymmetry between
plural and singular in attraction errors has beeaced back to an accompanying
morphological asymmetry between singular and plgcal Eberhard 1993): singular is not
morphological marked but is simply the default n@mwhereas plural needs a morphological
exponent. If only features that are morphologicalhcoded can be attracted then it follows
thatthe owner of the housesight lead to attraction errors but rtbé owners of the house

The relation between structural and dative cagearman parallels the relation between
singular and plural in English. Dative case is nhatpgically marked whereas structural case
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is not. The relevant parts of the syntactic andphological representations of (22) and (23)
are shown in (25a) and (25b), respectively. In edmoce with the distribution of
morphological case features on the relative proapoase attraction might occur for a proper
name followed by a dative relative pronoun. ThergBgb) will be converted to (25c) and a
preference for the OS-structure will arise. A riefpronoun with structural case (cf. (25a)),
in contrast, will have no influence on the precgdinoper name.

@) N b M e M
NFRom cpP IWBm CpP N

v N I
Maria |die Maria | der Maria |der

If it is possible to turn the preference for asabng the first NP with the subject role into
a preference to analyze this NP as a dative objethhe mere presence of an unambiguously
dative-marked relative pronoun, it follows that easust play an independent role during
parsing. This finding supports the more generalmagtion that the parser’s decisions, at least
those concerning the on-line assignment of symaftinctions, are not only sensitive to
phrase-structural configurations but also to carsitions about case.

CP

3.4 Preferences for Case versus Preferences for Niimal Chains

Before we can leave the topic of parsing preferemeeubject-object ambiguities, we have to
discuss the relation between the Minimal Chain ¢yie (MCP) and the Case Preference
Principles (CPP). Under the syntactic assumptitias we have adopted in this paper, the
MCP and the CPP are coextensional with regardley-fiap ambiguities but not with regard
to base-generated ambiguities. For filler-gap awoib&s, a SO-preference is predicted by
both the MCP and the second clause of the CPPb&se-generated ambiguities, the MCP
predicts no preference whereas the first claugeeoCPP correctly predicts a SO-preference.
There are at least three ways how the redundaneyeba the MCP and the CPP might be
eliminated. First, the MCP is given up in favortbé CPP. Second, the CPP is reduced to a
principle favoring structural to lexical case. Thithe syntactic assumptions are altered in
such a way that the MCP makes the CPP superflWasbelieve that the last option is the
least probable one. First of all, a preferencestarctural case to dative case is not only found
for base-generated subject-object ambiguities et &r object-object ambiguities. An
example for a local ambiguity between accusatijeailand dative object is provided in (26).
In (26a), the clause-final verbnterstitzen(to suppor} subcategorizes for an accusative
object. The clause-final vetielfen(to help in (26b), in contrast, subcategorizes for a dativ
object. Under the usual assumption that dative aswlisative objects in sentences with a
single object occupy the same phrase-structuratipesthe ambiguity in (26) is a further
instance of a base-generated syntactic ambiguity.

(26) a. Personen, die in Not sind, solltean unterstitzen.
persons who in distress are should one stppo
“One should support persons who are in distress.”

b. Personen, die in Not sind, sollte nnteelfen.
persons who in distress are should one help
“One should help persons who are in distress.”

It has been shown by Bader et al. (1996) that seetelike (26b), where the initial case-
ambiguous nourPersonen(person$ receives dative case, elicit a garden-path efi¢dhe
case-assigning verb. This finding, which indicatest accusative case is preferred to dative
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case in sentences like (26), was the initial reasompropose the CPP. This means, in
particular, that the second clause of the CPP pated by evidence that is independent
from particular assumptions about the syntacticesgntation of base-generated subject-
object ambiguities. We therefore think that at ieéhs part of the CPP will be required even
if it should turn out that our syntactic assumpsi@bout base-generated subject-object are in
need of revision.

This leaves us with the redundancy between MCP GRB with respect to filler-gap
ambiguities. At the moment, we do not know of amdence which might decide between
the MCP and the CPP as a better explanation forStepreference found in filler-gap
ambiguities. Furthermore, it is not even clear thath a decision is necessary. It is at least a
possibility that the human parsing mechanism caostaicertain amount of redundancy. With
regard to subject-object ambiguities, this mightdy be a consequence of the fact that UG
provides two ways to encode syntactic functiongemrms of phrase-structure positions and in
terms of case. These two devices do not exclude etner, but one or the other might be
dominant in a given language. For example, in Bhghnd Italian, subject and object are
defined positionally whereas in German case is momgortant than particular positions.
Therefore, it may be possible that subject-objesbiguities in a language like English or
Italian are resolved on the basis of syntactic ipgrstrategies like the MCP, whereas in
German, more prominence is given to preferenc€asé assignment.

3.5 Summary

To conclude our discussion of parsing preferencesubject-object ambiguities, let us

summarize the main points that emerge from thegglieg sections: First, we have reviewed
experimental evidence that subject-object ambigsiishow a SO-preference which holds
both for filler-gap and base-generated ambiguiti®®-preferences in the latter kind of

ambiguity do not follow from structure-based prples like the MCP, at least not under the
syntactic assumptions we have adopted here. Theyihatead to be explained with recourse
to preferences for particular case assignmentshwhare captured in the Case Preference
Principles in (21).

Secondly, the SO-preference can be overridden umsgecific circumstances. In
particular, if a proper name is followed by a refatclause headed by a dative-marked
relative-pronoun, it “attracts” the dative featdrem the relative pronoun and thus turns into
a dative object. In the active-passive ambiguiscdssed above, this case-attraction results in
an OS-preference instead of the usual SO-prefereftoe phenomenon of case-attraction
provides further evidence for the claim that fipsiss parsing is influenced by case-features -
evidence that is independent from any particulatagtic assumptions.

4 Deriving the Strength of Garden-Path Effects in 8bject-Object Ambiguities

As the discussion in the preceding sections haadyr shown, the garden-path effects that are
observed in subject-object-ambiguities when a prefestructure turns out to be inconsistent
with further material vary widely in strength. Rirsf all, disambiguation in favor of the
unprefered OS-structure causes a much more seaedergpath effect in the case of filler-
gap ambiguities than in the case of base-genematduiguities (cf. section 3.1 and 3.2).
Second, there are not only differences betweegr{fgap and base-generated ambiguities but
also differences within the class of base generateliguities (cf. section 3.3). Ambiguous
passive clauses, either simple ones or those camgea structural relative clause, only lead to
weak garden-path effects whereas active clausetsinog a dative relative clause cause
strong garden-path effects.
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In this section, we will consider the questionshofv garden-path effects come about in
different types of subject-object ambiguities arfuyhey may vary in strength both between
and within construction types. Since current apghea to reanalysis do not offer a
satisfactory solution, we will introduce a new theof reanalysis that captures the empirical
facts more adequately. For ease of exposition, Wlecancentrate in this section solely on
garden-path effects in base-generated subjectiolgeibiguities and turn to filler-gap
ambiguities afterwards.

4.1 What Happens in Garden-Path-Sentences?

Within a serial model of the human parsing mechanigrocessing a garden-path sentence
will proceed in the following steps. First, the gar encounters a local ambiguity in the input
string. According to some preference principle (e8P, MA etc.), it selects one of the
possible structures and pursues only this one durtAt some later point, an input item is
encountered that cannot be integrated into the inggeyntactic representation in a
grammatically licit way: the syntactic structurdested at the point of ambiguity has led to a
temporary ungrammaticality. The crucial questiorwns what happens after such a
temporary ungrammaticality has been detected. Balianswer within serial models of the
HSPM is that a process of reanalysis is triggehad Wwill convert the initial, ungrammatical
structure to a new, grammatical one. This basitupgchas recently been refined by Fodor
and Inoue (1994) (F&l for short). According to tthi@gnosis model of F&I, two steps have to
be taken after the detection of a temporary ungraticality. First, the parser must diagnose
both the error that led to the mismatch and themstthat are needed to correct the initial
structure. Second, the parser must carry out thsioas that will transform the incorrect to
the correct structure. (27) summarizes the basicgssing steps of the diagnosis model.

(27) detection of temporary ungrammaticaifri‘ty' error diagnosis—| revisjon

F&I hypothesize that diagnosis is the only sounetiie processing difficulties exhibited
by garden-path sentences. When it is difficulttfoe parser to deduce what error it made on
first-pass analysis and how this error can be ctetk a strong garden-path effect will be
observed. Otherwise, the garden-path effect will dmdy weak. Revision processes, in
contrast, are held to be associated with the sarsis ¢hat they are associated with in first-
pass parsing. Can the contrasts in garden-pathgsitréound in subject-object ambiguities be
explained with reference to diagnosis? Confiningselves to base-generated ambiguities, the
basic difference to explain is the one betweenesmes like (22b) and (23a), which are here
repeated from above.

(22) b. Ich glaube, daR Mariaie ich vorhin gesehen hapelas Buch geliefertwurde.
| believe that M. who!| just Bee have the book delivered was

“I believe that the book was delivered to Mafjavho | have just seen).”

(23) a. Ich glaube, dalR Marider ich vorhin begegnet bindas Buch gelieferthat.
| believe that M. who | just met am the book delivered has
“I believe that Maria, who | have just met, hasideted the book.”

(22b) is an ambiguous passive clause that givestoisa slight garden-path effect. The
relative clause in (22b) is enclosed in bracketsesi garden-path effect is observed whether
this relative clause is present or not. (23a) isuabiguous active clause that causes a strong
garden-path effect. The relative clause in (23&s&ential since only under the influence of a
dative relative pronoun does the normal SO-prefareaverse to an OS-preference.



Syntax and Morphology in Parsing 18

Diagnosis cannot be the decisive factor for exphairthe difference between (22b) and
(23a), because diagnosis is completely symmetfizathese two sentences. What has to be
diagnosed is the source of the case mismatch.Z2m),(the parser must recognize that the
initial proper name has erroneously been assigonednative case instead of dative case and
the second NP accusative case instead of nominatge. For (23a), the parser must
recognize that the initial proper name has erroskgobeen assigned dative case instead of
nominative case and the second NP nominative ocageaid of accusative case. These seem to
be very easy deductions, and therefore neithereseatshould elicit a strong garden-path
effect.

The same conclusion emerges if one considers fleriarthat F&I have identified to
distinguish informative from uninformative symptoni$e first criterion is whether an error -
that is, the selection of the false structure atghint of ambiguity - is signaled by an overt or
by a covert symptom. On first-pass parsing, theedimed PP in the sentences (28) and (29)
is erroneously attached to the relative clauseatsbf being attached as the second object of
the matrix verbput In (28), this error is not overtly signaled byrso element but must be
figured out from the fact that the sentence comeant end without providing a directional
object for the verlput In (29), in contrast, there is an overt symptaamely the directional
prepositioninto which overtly signals that the PPs conjoineddnycannot belong into the
relative clause but must be an objectpat According to F&l, reanalysis is easier in (28)
than in (29) because the symptom is covert in (@8)vert in (29).

(28) Did Susan put the book that she’d been reaalirgfternoon in the libraf¥

(29) Did Susan put the book that she’d been reaalirgfternoon in the librargr INTO her
bag?

According to the second criterion, an overt symptomy leads to an easy revision in
case it creates a productive mismatch, as in (8980), in contrast, the veiotheredis an
overt symptom but it does not create an overt mismaNhen encounteringotheredthe
parser will realize that the veputis illicitly missing a PP-object, bigtothereddoes not give
any cue as to where to find this object. The sympbotheredis thus no more helpful than
the complete lack of an overt symptom as in (28).

(30) The fact that Susan put the book that sheahlveading all afternoon in the library
BOTHERED her parents.

A final criterion is whether the error is signalleg a formal, syntactic mismatch or by a
semantic/pragmatic symptom. In both (31) and (82) ¢clause starting witthat is initially
analyzed as object of the main veold. The fact that this clause is not a complemenisda
but rather a relative clause is signaled in (31jH®ysemantic implausibility that arises when
the NPthe storyis attached as object afet In (32), in contrast, the error is signaled in a
formal way, namely by the fact thit cannot start the object afet The garden-path effect
caused by (31) is claimed to be stronger than tigecaused by (32), which according to F&I
shows that formal symptoms are more helpful thamesgic symptoms.

(31) They told the boy that the girl met the STORY.
(32) They told the boy that the girl met not TOlgome.

In our two sentences (22b) and (23a), the sympticen,the respective clause final
auxiliary, is overt, formal, and it creates a protiite mismatch. Hence, a garden-path effect
of the mildest sort is predicted by the diagnosisdet. This prediction is borne out for
sentence (22b) but not for (23a). We therefore lemigcthat diagnosis cannot explain the
difference between (22b) and (23a).
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If diagnosis is not the decisive factor, what abitna inherent revision costs associated
with computing the correct structure? According=&l, correcting the initial phrase-marker
IS no more costly than the corresponding first-gaeasing operations. However, this is not
necessarily so. There are many proposals to tleetefiat certain revision operations are
more difficult than others (cf. Ferreira & Hendarsd991; Gorrell, 1995). Therefore, let us
ask whether the difference between (22b) and (23aa) be explained with reference to
inherent revision costs. In both (23a) and (22bg, $ame syntactic revision operations are
called for. For both sentences, an initial incarease assignment must be replaced by a new,
corrected one. There seems to be no reason fomasgsguhat the ease with which a case
feature can be replaced by another one is dependdht particular case features involved.

If the desired explanation does neither resideriaraliagnosis nor in revision, we must
take a step back and consider again what might drma@gter the parser has detected a
temporary ungrammaticality in the input string. Aoding to current models of garden-path
effects, the parser will start a process of reaialyafter detecting a temporary
ungrammaticality. This reanalysis may be easy or iHowever, there is a further option the
parser may take. Instead of searching for an altemn structure that is grammatically licit,
the parser may simply classify the current inpuingt as ungrammatical, without even
considering the possibility that there might beadternative, wellformed structure. That is,
the parser might treat the input string on a pah whambiguously ungrammatical sentences,
and assume that the temporary ungrammaticalitygerenanent one. This proposal leads to
an expansion of the model in (27) which is shows).(3

classify sentence as ungrammatical

(33) | detection of temporary ungrammaticglity

error diagnos|s—> BON

According to (33), there are two principal actidthe parser may take after it has detected
a temporary ungrammaticality. It may classify teatence as ungrammatical, or it may start a
process of reanalysis. This latter process, whigh e broken down into diagnosis and
revision, may be easy or difficult. If an ambiguaentence is judged as ungrammatical, this
can have two sources in a model like (33). It dged as ungrammatical immediately by
taking the upper path, or it is judged as ungrarmabbecause reanalysis failed to find a
correct solution. This latter possibility corresgerto the lower path in (33). Since we have
already concluded that sentences like (22b) and)(88 not differ with respect to either
diagnosis or revision, the difference between these sentences must reside in the prior
branching that leads either to perceived ungranualdtyy without any intervening reanalysis
or to reanalysis (which will consist in both diagiand revision processes).

Which of these two branches is taken must be a tiumcof the temporary
ungrammaticality that lies at the beginning of grecesses leading to a garden-path effect.
This leads directly to a further hypothesis besttiesintroduction of a path leading directly to
the judgment of ungrammaticality. According to thigothesis, the more salient a temporary
ungrammaticality is the higher is the probabilihatt an ambiguous sentence is judged as
ungrammatical without an attempt at reanalysishSusentence will therefore lead to a large
decrease in the percentages of correct judgmerasspeeded grammaticality judgment task,
indicating strong garden-path effect. We have telriee hypothesis that the salience of a
particular temporary ungrammaticality is positivetprrelated with the strength of the
resulting garden-path effect the Mismatch Effectolhs given in (34).
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(34) The Mismatch Effect

The more salient a temporary ungrammaticalityhis,dtronger the resulting garden-
path effect will be.

In a nutshell, the Mismatch Effect says that if taeporary ungrammaticality springs to
mind, the parser will not bother looking for altative structures but will give up
immediately. Applied to the difference between (Rahd (23a), this amounts to the claim
that (23a) elicits a stronger garden-path effecanth(22b) because the temporary
ungrammaticality that is produced when the clausa fuxiliary is processed is more salient
in (23a) than in (22b).

Empirical evidence for this claim comes from resuthat we found for truly
ungrammatical sentences in experiments that useddtsion of the speeded grammaticality
judgment task described above. Ungrammatical seegsior the active-passive ambiguity are
shown in (35). (35a) and (35b) have been deriveth fthe unambiguous (11a) and (11b),
respectively, by switching around the unambiguowshpuns. The active verb in (35a) needs
an animate subject and an accusative object, leubtily animate NP, the pronoufr, is
unambiguously marked for dative case. (35b), intremh, is ungrammatical because the
passivized verlgeschickt wurdealls for an inanimate subject and an animaterseaibject,
but the only animate NP, the pronosie is incompatible with dative case. In short,
nominative case is assigned to a pronoun markeddtwe case in (35a), and dative case is
assigned to a pronoun bearing structural casesin) (3

(35) Pronoun Sentences

a. *...dal ihyxletzte Woche ein Packchen geschickt hat. no -
Nd%%at her last week a parcel ntse has
b. *... daR sigmaccletzte Woche ein Packchen geschickt wurde. dat\Ve
Nnom/acc
that she last week a parcekent was

The same pattern of ungrammaticality is found B)(®ut with a definite NP in place of
the pronoun. In (36a), the unambigously dative-redrkIP der Frau receives nominative
case whereas in (36a) dative case is assigneeé tdRdie Frau which is ambiguous between
nominative and accusative case but incompatiblie dative case.

(36) Definite NP Sentences

a. *...dal3 der Frau letzte Woche ein Packchen geschickt hat. no -
Nd?rtlat the woman last week a parcesent has
b. *... daR die Fradmaccletzte Woche ein Packchen geschickt wurde. gaf\V
Nnom/acc
that the woman last week a parcesent was

Sentences like (35) were part of the experimenthenpassive-active ambiguity already
described in section 3.2; sentences like (36) stem an unpublished experiment. Figure 4
shows the percentages of correct responses fourklefee sentences.

" For (35b), an alternative description exists.c8igeschickt hahas an optional dative object, one might

perceive (35b) as missing a subject instead ohtpkine dative marked pronouimr as bearing an illicit
case. We are currently investigating this possyhili
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Figure 4. Percentages of correct responses t@aomgatical sentences like (35a) and (35b) (pronoun
sentences) and (36a) and (36b) (definite NP seas¢nc

While pronoun and definite NP-sentences differ wigéspect to overall error rate, the
same pattern emerges in both cases: Sentences aiNfPeonly compatible with structural
case is assigned dative case elicit significamtbg Icorrect responses than sentences where an
unambiguous dative NP is assigned structural ddse.asymmetry between the two types of
case mismatch seems to be a very general phenoméhas not only been found in the two
experiments cited, but also in several unpublistgueriments. How this asymmetry can be
explained within a serial model of the HSPM will §lgown in the next section. At this point,
it is important to note the empirical relationshigetween processing ambiguous and
ungrammatical sentences. This relationship is degin Table 2.

Table 2
Relation between ungrammaticality detection anehgfth of garden-path effect

Syntactic configuration Ungrammatigali Garden-Path effect
dative case (35a) & (36a) (11b) & (22b)
a. NRtryctural case - v _
less salient weak
structural case (35b) & (36b) (23a)
b.  NRjative case v _
very salient strong

The empirical generalization that emerges from @dblis the Mismatch Effect: A less
salient ungrammaticality corresponds to a weak eaguhth effect and a salient
ungrammaticality to a strong garden-path effecis this pattern of experimental results that
supports the assumption that garden-path strengsentences like (20b), (22b) and (23a) is
to a large extent determined by the particular nay ungrammaticality that arises at the
point of disambiguation. However, our account i yet complete. First of all, we have not
yet given a grammatical definition of the salieméean ungrammaticality but have used this
term in an operational way. An ungrammaticality salient if it is detected with high
reliability; it is less salient if it is detectedtiv only low reliability. Furthermore, we have not
yet specified the mechanisms that tie together tthe phenomena of ungrammaticality
detection and garden-path strength. In the nextexttlon we will sketch a partial model of
the HSPM that explicates the notion of salienceimjrammaticality and at the same time
relates this notion to garden-path effects.
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4.2 How the Salience of an Ungrammaticality Can A#ct Processing after the
Breakdown

According to the mismatch effect, there is an iseerelationship between the salience of a
temporary ungrammaticality and the strength of tkeulting garden-path effect. The
empirical basis for the mismatch effect so far Wesplayed in Table 2. Next we have to ask
what mechanisms within the HSPM may be responsdsi¢he mismatch effect seen in the
active-passive ambiguity. The answer we will give this question derives from the
explanation proposed in Bader et al. (1996) fordgarpath effects in object-object
ambiguities (cf. (26)). Object-object ambiguitiesase with base-generated subject-object
ambiguities the property that the two alternatiyatactic structures do not differ phrase-
structurally but only with respect to the assigntnaincase features to the NPs involved. In
Bader et al. (1996), we have therefore proposet gdheden-path effects in object-object
ambiguities are caused by the need to reaccesadhtal lexicon in order to retrieve certain
information about morphologically ambiguous nouwe will now show that this account
gives a straightforward explanation for the relasioip between garden-path strength and
ungrammaticality detection presented in the prewgdiscussion.

We will first consider ambiguous and ungrammatipabksive sentences. The syntactic
structures that the parser will have computed lpegbre encountering the passive auxiliary
wurde are shown in (37a) and (37b). (37a) is the strecti an ambiguous passive clause.
The bracketeddie following the ambiguous proper name shall indictitat the basic
processing steps are the same for passive claugesutwelative clause and passive clauses
where the proper name is followed by a relativenptm with structural case. The syntactic
structure of the corresponding ungrammatical clasiggven in (37b). The only difference is
that the proper nameéli has been replaced by the pronaimwhich is also ambiguous, but
only between nominative and accusative case.

(37) a. CP b. CP
/\ /\
C VP | C VP
dafy NRominative Vv’ dafy INPominative Vv’
T
Uli (, die) NEBccusative \ sie MRusative V
ein Packchen geuskihlT ein PéMt )
wurde wurde

If the parser now receivesurde and attaches it to the structures in (37a) or X3@b
mismatch occurs because the passivized \ggbchickt wurdeneeds a dative and a
nominative NP but finds a nominative and an accusaiP. In (37a), this mismatch can be
cured since the case-ambiguous proper ndlines also compatible with dative case; in (37b),
the mismatch cannot be cured sisaeis only compatible with nominative or accusatiase
but not with dative case. However, the informatibat is needed to determine whether the
mismatch can be cured is not contained in a phras&er. The phrase-marker in (37a) only
says that the N®JIli bears nominative case but not théit might also bear dative case. The
same holds for (37b) and the MR In order to obtain the lacking information, themtal
lexicon has to be reaccessed in order to checkh&heli/sie is compatible with dative case
or not. In (37a), lexical reaccess will lead toasifive result because the proper nadie
indeed can bear a dative feature, and a subsequogaweiction of the case-features in (37a)
becomes possible. Therefore, ambiguous passiveersm# will ultimately be judged as
grammatical, but due to the additional lexical dueg process judgments will be delayed in
comparison to unambiguous passive sentences. I, ([Bi7contrast, lexical reaccess will lead
to a negative result. The pronosie is definitely not compatible with dative case. den
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sentences of this kind will be judged as ungraneaatHowever, these judgments are slowed
by the additional reaccess process. Due to thepmagsure induced by the experimental task,
this can have the consequence that subjects willeBmes respond before reaccess is
finished and instead simply guess. Since guessilid& incorrect to a certain amount, the
error rate increases for ungrammatical passiveselau

Now consider what will happen during the processih@mbiguous and ungrammatical
active sentences. The phrase-structure trees avensh (38).

(38) a. cP b. CcP

/\ /\

C VP | C VP

| T~

dal3 NBative )% dal3 NRtive Vv’
/\
uli, der NFbminative \ ihr MBhinative \

ein Packchen geschlc?t eln Packchen gescm?(

hat hat

In (38a) and (38b), the active vegbschickt hateeks a nominative NP but finds a dative
NP @li in (38a) ir in (38b)). Hence, a case mismatch arises. For guobs and
ungrammatical passive clauses, we have proposedittbadetection of a case mismatch
triggers a process of lexical reaccess. Might itHeecase that lexical reaccess also occurs for
(38a) and (38b) and that lexical reaccess is dwulif for these sentences that it can explain
the strong garden-path effect observed for (38d)the salient ungrammaticality in (38b)?
The answer has to be clearly no. It is rather inngilale that retrieving information about
structural case is more difficult than retrievingformation about dative case. Indeed, if
anything, the opposite should hold because progeres are more often used with structural
case then with dative case which should make straictase more accessible than dative
case. We therefore propose that no lexical reagsdsggered for active clauses. As we will
show immediately, this proposal does not need tetipeilated since it follows directly from
the asymmetry between structural and dative cagenahe case system of German Due to
this asymmetry, the conclusions that the parsedcaw from a NP marked for structural case
differ strongly from the conclusions that can bavadn from a dative-marked NP.

A nominative feature on an NP can have two sour€est, it might be due to a lexical
item that is unambiguously marked for nominativeseca Second, the NP can be
morphologically ambiguous and the nominative feathas been assigned via the Case
Preference Principles in (21). Due to the secomdcgy a nominative feature on an NP always
leaves open the possibility that this NP might als® compatible with another case
assignment, and in particular with dative caseiMeatase, in contrast, can only be assigned
to a case ambiguous NP by the Case Preferencagfesmm the special circumstance where
both nominative and accusative case have alreagly &ssigned, i.e. in sentences with three
case ambiguous NPs. Otherwise, dative case can amhe about by an unambiguous
morphological specification. Therefore, dative casean NP signals with high probability
that this NP is morphologically unambiguous. Ndtattfor the parsetJli in (23a)/(38a) is
unambiguously dative marked. This is of course tmae in the grammar of German.
However, as soon adli has attracted the dative feature from the adjaedative pronoun, it
will act like the truly unambiguously dative markegbnounihr.

The upshot of the preceding discussion is thap#rser will reaccess the lexicon only for
nominative marked NPs but not for dative marked.Ni®gonsequence, both (38a) and (38b)
will be classified as ungrammatical immediatelyeafietecting the case mismatch without the
additional step of lexical reaccess. For the amiigu38a) this means that a high proportion
of sentences will be judged as ungrammatical. Rerttuly ungrammatical (38b) this means
that response times will be shorter than respansestto ungrammatical passive sentences,
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and furthermore that less errors will occur, beeahe information that an ungrammaticality

has occurred will be delivered to higher-level dem processes quickly enough to make an
informed decision within the time span set up bg 8peeded grammaticality judgment

procedure.

The explanation of the experimental findings on thetive-passive ambiguity is
summarized by the flowchart model shown in Figure This model is a particular
instantiation of the general model in (33). Sincesiintended to apply to the processing of
ambiguous, (unambiguous) grammatical and (unambguangrammatical sentences, the
output of the model is indicated by the two labgiammatical” and “ungrammatical’. The
status of ambiguous sentences depends on whetyeletd to the response “grammatical” or
“ungrammatical” and how either of these responsases about.

“grammatical” “ungrammatical”
X *... <A
N N S
\ ~,
Y S
\ N
Y N
\ ~
\ ~
AY SN
\ N
\ ~,
AY SN
\ N
\ N
\\ \\\
\ N
AY ~,
\ ~
\\
\ Lexical reaccess |
\ H
N\ AN
\ ~, H
\ S H
\\ S .:
AY ~
‘\ = . .
\ ungrammaticality
\ determination
\ e 4
N e
N e
N e
N et
Ve
grammaticality check
T
ingertion of auxiliary into phrase marker

Figure 5. A flowchart of the actions taken by ffagser after encountering the clause final auxiliar
ambiguous active and passive clauses like (20),42@ (23

In order to summarize this section, we will deserim turn how grammatical,
ungrammatical and ambiguous sentences are procassenling to the flowchart in Figure 5.
Common to all three kinds of sentences is thatfitise step consists in the insertion of the
clause final auxiliary into the phrase-marker thas been computed before (cf. (37) and
(38)). After the auxiliary has been inserted, tlhangmaticality of the resulting syntactic-
representation is checked. What happens next depmnavhether the grammaticality check
leads to a positive or negative outcome.

(i) GRAMMATICAL SENTENCES. For grammatical sentences, the grammaticalitglchell lead

to a positive result. Therefore, grammatical secgsrcan be judged as grammatical without
delay.

(i) UNGRAMMATICAL SENTENCES For ungrammatical sentences, the grammaticahgck
delivers a negative result. Since at this earlynpoif processing the parser cannot know
whether it is dealing with a permanent or a tempgotengrammaticality, the sentence is not
judged as ungrammatical immediately. Instead, the step consists in determining the type
of ungrammaticality. For ungrammatical active seoés of the type shown in (35a), the
parser will conclude that there is no way in whibk structure might be improved. This is
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due to the fact that the initial pronoilm is morphology marked for dative case and the parse
has no reason to assume that this pronoun migboimpatible with nominative case (cf. the
above discussion). Therefore, the sentence willudged as ungrammatical as soon as the
type of the ungrammaticality has been determined.urgrammatical passive sentences like
(35b), determining the type of the ungrammaticakityl show that a morphologically
unspecified pronoun is bearing nominative caseeatsbf dative case. Since this leaves open
the possibility that the pronoun might also be catifgpe with dative case, the sentence is not
yet judged as ungrammatical. Instead, the lexigstlesn is entered again in order to check the
case possibilities for the pronowie This lexical reaccess will lead to a negativeultes
becausesie cannot bear dative case. Therefore, the senteitideeudged as ungrammatical
after lexical reaccess is completed.

In sum, ungrammatical passive sentences will trigge extra step of lexical reaccess
whereas ungrammatical active sentences will nois €ktra step will take some additional
time. Since subjects are under time-pressure insfieeded grammaticality judgment task,
they will therefore make more errors for ungramoatipassive clauses because the extra
time needed for lexical reaccess will not always/é&enough time for an informed response
but will lead to a certain amount of guessing.

(iif) A MBIGUOUS SENTENCES If an ambiguous sentence is disambiguated acuptadi its
preferred structure, it will be processed exackg bn unambiguous grammatical sentence. If
the preferred structure is contradicted by thesdafinal auxiliary, the grammaticality check
will lead to a negative result. As with ungrammatisentences, the further course of
processing is determined by the type of ungrammilitiicwhich will be determined at the
stage called ungrammaticality determination in Fegh. Ambiguous active clauses will be
processed in the same way as corresponding ungracamsentences. No lexical reaccess
will be triggered and the sentences will be judgsdungrammatical without further delay.
Since ambiguous active clauses are in fact judgedgm@mmatical more often than
ungrammatical active clauses, we must assumehbaddtive feature of the relative pronoun
is attracted only in a certain percentage of caHe#.is attracted, the sentence will be
processed like an unambiguous ungrammatical sesténmt, the sentence will be processed
like an unambiguous grammatical sentence. Ambigumassive clauses will trigger lexical
reaccess. They share this property with their ungratical counterparts. However, for a
proper name lexical reaccess will succeed becayseper name is indeed compatible with
dative case. Therefore, ambiguous passive claugiebenultimately judged as grammatical.
Compared to unambiguous and grammatical passiwesesa the processing of ambiguous
passive clauses will take more time because okt step of lexical reaccess that is not
needed in unambiguous passive clauses.

5 Garden-Path-Strength in Filler-Gap-Ambiguities

In the following sections, we will demonstrate thia¢ model of reanalysis we have outlined
above helps to shed light on a variety of reanalghienomena within the domain of filler-gap
ambiguities. Section 5.1 discusses differencesarden-path strength within the class of
filler-gap ambiguities which are shown to be demsmdon two possible types of
disambiguating information: case and number agreenmf&gain, variation in garden-path
strength within one and the same type of ambigpdges problems for current models of
reanalysis, but as we will show, the facts folloaturally from our model without additional
assumptions. In Section 5.2, we will come backhdomparison of garden-path phenomena

8 This interpretation is strengthened by the faat tieaction times for ungrammatical passive see(cf.

(35b) and (36b)) have been found to be slower tkantion times to ungrammatical active sentences (c
(35a) and (36a)).
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between base-generated and filler-gap ambiguiBestion 5.3 takes up the issue of why the
so-called filled-gap effect is absent at the subpesition in English. Finally, section 5.4 puts
our theory of reanalysis into a broader perspecspecifically addressing the scope of this
theory.

5.1 Filler-Gap-Ambiguities and Mode of Disambiguaton

Local filler-gap ambiguities remarkably differ witkspect to the strength of the garden-path
effects that they elicit. In particular, gardenpatrength seems to depend on the means by
which the filler-gap ambiguity is disambiguated. nSaler first the globally ambiguous
sentence (39). This sentence has either a SO- OSareading, depending on the position of
the trace of the wh-phrasesiche Studentin

(39) Welche Studentimat (t;) die Frau () besucht?
Which student has the women visited

“Which student has visited the woman?” or “Whitchdent has the woman visited?”.

If the trace precedes the second HNiE Fray the wh-phrase is the subject and the
sentence exhibits the word-order subject beforeatb|f the trace follows the second NP, the
wh-phrase is the object and the sentence exhi@tsvord-order object before subject. This is
completely parallel to the filler-gap ambiguity faliin sentence pairs like (18) above.

There are two possibilities to derive sentences @na only locally ambiguous from a
globally ambiguous sentence like (39). The firssgbility is shown in (40). Here, the
feminine nounFrau has been replaced by the masculine ndann In contrast to feminine
NPs, masculine NPs are not ambiguous between nowarend accusative case (cf. Table 1).
Therefore, the sentences in (40) are disambiguattéde second NP. The Nf&n Mannin
(40a) is unambiguously an accusative NP and thdendentence exhibits SO-order. The NP
der Mannin (40b) is a nominative NP, and consequently, wiwle sentence must exhibit
OS-order.

(40) a. Welche Studentin haé&n Mann besucht?
Which student hasthe man visited

“Which student has visited the man?”
b. Welche Studentin hder Mann besucht?
Which student has the man visited

“Which student has the man visited?”

The second possibility to turn a globally ambiguaentence like (39) into locally
ambiguous sentences is provided in (41). The seetein (41) contain a singular NP
followed by a plural NP. Due to subject-verb agreamthese sentences are disambiguated at
the position of the clause-final auxiliary. (41a@ntains a singular auxiliary and therefore the

first NP must be the subject. In (41b), the auwyliss a plural auxiliary and the second NP
must be the subject.

(41) a. Welche Studentihat die Manner besucht?
Which student has the men visited
“Which student has visited the men?”
b. Welche Studentimabendie Manner besucht?
Which student have themen  visited
“Which student have the men visited?”
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In the following, we will accordingly distinguishivo different modes of disambiguation:
disambiguation by case, i.e. via the morphologicate marking of a second NP, and
disambiguation by agreement, i.e. via the numbeiufes of the finite verb.

As was already noted in section 3.1, there is emdefrom several sources which
demonstrates that the SO-order is preferred ingeging ambiguous wh-questions (cf. e.g.
Meng, in prep.; Schlesewsky et al., 1996). Conseifjyea garden-path effect arises in case
sentences are disambiguated towards the OS-realfingt we are primarily concerned with
is the fact that the strength of the garden-patbcefin the unpreferred OS-order differs,
depending on which of the two ways of disambiguatidroduced above is used. In a series
of experiments, we found that locally ambiguous questions which are disambiguated by
number features of the finite verb as in (41) léach fairly strong garden-path effect. In
contrast, garden-path effects in sentences likg, (#Owhich the overt case marking of a
second NP provides the disambiguating informatawa,rather weak. Important in the present
context is the additional observation that thifedénce in garden-path strength is again
accompanied by a marked difference with respegietdormance on truly ungrammatical
sentences: the ungrammatical counterparts of ggyddén sentences disambiguated by
number agreement are detected much more relialaly tingrammatical counterparts of
garden-path sentences which are disambiguated doyntirphological case features of the
second NP.

To illustrate this point, we will present resultstewo speeded-grammaticality judgment
experiments which independently investigated Igcathbiguous wh-questions differing with
respect to the mode of disambiguation. The firgtegxnent used sentences as in (42), which
all contain an embedded question. Due to the mdoghzal ambiguity of the initial wh-
phrase, the embedded question in (42a) remainsgamus until the auxiliary in sentence
final position is reached. The number featuresheffinite verb resolve the local ambiguity
towards the OS-reading. Assuming that the ambigeousedded question will be preferably
assigned an SO-structure, a garden-path effecipiscéed to arise. In contrast, the wh-phrase
in the grammatical counterpart (42b) is unambigiyoosarked for accusative. Therefore, no
ambiguity arises, and the wh-phrase will be assignea gap in object position immediately.
Finally, (42c) serves as the ungrammatical couaremf (42a). Since its initial wh-phrase is
overtly marked as nominative, the embedded questiost be assigned a SO-structure.
However, the finite verb does not agree with thenimative NP, rendering the sentence
ungrammatical. Notice that the ambiguous sentem¢dda) and the ungrammatical sentence
in (42c) will be assigned the same phrase strulctapsesentation and consequently the same
type of ungrammaticality will arise as soon asfthiée verb is received. The only difference
is that the ungrammaticality is permanent in (42¢)ereas it is only temporary in (42a).

(42) a. Jemand fragte, welche Studentin die MAbesuchhaben (ambiguous)
Someone askedhich student the men  visited have
“Someone asked which student the men visited.”
b. Jemand fragte, welchen Studenten die Mamesuchhaben

(unambiguous)
Someone askedhich student the men visited have

“Someone asked which student the men visited.”
c.*Jemand fragte, welcher Student die Matmesuchthaben (ungrammatical)
Someone askedhich student the men visited have

A second experiment used sentences as in (43) ichvehwh-phrase has been extracted
out of a sentential complement. (43a) is again I[lpcambiguous. The wh-phrase could
function as the subject or the object of the embdddause but according to the strategies for



Syntax and Morphology in Parsing 28

parsing filler-gap dependencies, the wh-phrase al initially assigned to the subject
position. This time, however, it is not a finite rkethat provides the disambiguating
information, but rather the morphological case nmgylon the NP in sentence final position.
Since this NRder Mannis overtly marked as nominative in (43a), the viingse cannot be
associated with the subject position. Insteadca@sect gap site turns out to be the direct
object position of the embedded clause. (43b)asutambiguous grammatical counterpart of
(43a). Being marked for accusative, the wh-phrase loe recognized as a direct object
immediately, and so it will not be erroneously gesid to the subject position first. Finally,
(43c) is the corresponding ungrammatical sentedece.in (43a), its wh-phrase will be
analyzed as a subject, an assignment that leas éoror when the nominative Mier Mann

Is received, since this NP must fill the subjecsipon. Contrary to (43a), there is no way to
correct this error in (43c), thus leading to a pmmemt ungrammaticality.

(43) a. Welche Studentin glaubst du, besudbteMlann? (ambiguous)
Which student believe you visited thenma
“Which student do you believe the man visited?”

b. Welchen Studenten glaubst du, besudatéMann? (unambiguous)
Which student believe you visited ihan

“Which student do you believe the man visited?”
c.*Welcher Student glaubst du, besud@eMann? (ungrammatical)
Which student believe you visited the man

In two end-of-sentence speeded grammaticality jueignexperiments, the processing of
sentences with agreement disambiguation as ingd@)sentences with case-disambiguation
as in (43) was independently investigated. Thelt®swe summarized in Figure 6 (cf. Meng,
in prep. for a detailed description).

100 +

@ ambiguous
unambiguous
B ungrammatical

percentage correct

Case Agreement

Figure 6: Percentages of correct answers for seasetisambiguated by Case (cf. (43)) or by agree(oén
(42)

Comparing the experimental results for the senterafetype (42) and (43), there are
striking differences in the performance patternssivbbviously, the two sentence types differ
with respect to the strength of the garden-patbctgfwhich their ambiguous versions elicit.
Ambiguous sentences which are disambiguated byuh#er features of the finite verb lead
to a garden-path effect of considerable size. Tdwracy of grammaticality judgments for
ambiguous sentences with OS-order drops to 64%apwhich is significantly lower than
for unambiguous grammatical OS-structures. Thaupcis quite different for the sentences in
(43) which are disambiguated by case. Concerningpiguous sentences, there was no
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indication for a garden-path effect in the accuratyjudgments. The difference between
ambiguous and unambiguous grammatical sentences omhs a non-significant 3%.
However, there was evidence for a garden-patharmrgiaction time data (not depicted here):
Judgments for OS-sentences were considerably sloWedefore, the first generalization that
we can derive seems to be as follows: Ambiguousstgures that are disambiguated by
number agreement elicit a stronger garden-pathcteffempared to ambiguous questions
disambiguated by case.

For current theories of reanalysis, such a diffeeein garden-path strength appears to be
problematic. Consider again the relevant gardeh-pahtences in (42b) and (43b), repeated
below.

(42) b. Jemand fragte, welche Studentin die Méabesuchhaben (64% correct, strong
GP)
Someone asked which student the mensitedii have

“Someone asked which student the men visited”

(43) b. Welche Studentin glaubst du, besudkteMann? (90% correct, weak
GP)
Which student believe you visited thema

“Which student do you believe the man visited?”

As we have outlined in section 3, both the Minir@hlain Principle in (19) and the Case
Preference Principles in (21) would predict thatlaphrase which is ambiguous between a
subject and a direct object interpretation willgreferably associated with a subject position.
This preferred analysis is contradicted by the rdisguating itemhabenin (42b) andder
Mann in (43b), indicating that the wh-phrase must beoemted with the direct object
position instead. Obviously, the revision operadiotihat become necessary when the
disambiguating element is received are identicadependency between the filler and the
subject position must be replaced by a dependeatwden the filler and the direct object
position. Therefore, the revision process itselfimdikely to be responsible for the observed
differences in garden-path strength. However, iedsially unlikely that diagnosis, i.e. the
ease with which the necessary revision can be espots the relevant factor. Both the
disagreeing finite verb in (42b) and the nominatN#@ der Mannin (43b) unambiguously
signal that the wh-phrase cannot be the subjedtirBooth cases, the only alternative left is
to relate the wh-phrase to the direct object pasitirhus, the reasoning which is initiated by
the temporary ungrammaticality to determine whitdps the parser should take cannot be
very complex. There is only one way out, which dtdawt be difficult to find, even for a
short-sighted parser. Moreover, the temporary ungraticalities that arise in (42b) and
(43b) are both due to overt and formal errors @ sbnse of Fodor and Inoue (1994). Taken
together, this does not only suggests that theegapath effects in (42b) and (43b) should be
of identical strength but also that they shouldugak in both cases. This leaves us with the
question why disambiguation by a case-conflict @&syewhereas disambiguation by the
number features of the finite verb is difficallt.

Let us therefore turn back to the experimentalltesn Figure 6. Evidently, performance
on ungrammatical sentences also shows a strikifigreince. For ungrammatical sentences

®  The particular constructions discussed here diffararious respects, e.g clause-internal wh-moverire

(42) but long wh-movement crossing a clause boyndar(43). Such construction specific differences
could in principle be held responsible for the abed differences in garden-path strength, and our
generalization concerning the mode of disambiguatimy thus appear somewhat premature. However,
more recent experimental evidence on filler-gap igmites clearly shows that the same differenceasho
up if the two modes of disambiguation are directiynpared (cf. Bader & Meng, in prep. as well as §jen

in prep).
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with agreement disambiguation (cf. (42c)), subjelcésl no difficulty in detecting truly
ungrammatical sentences. The accuracy of judgnvesssfairly high (84%), and no different
from the level of accuracy for unambiguous gramaoadtsentences. For sentences with case
disambiguation (cf. (43c)), performance on the egponding ungrammatical structures was
considerably worse. The accuracy of judgments dedp 56% which is much below the
level of accuracy that unambiguous grammatical eser@s reached. Recall that the
ungrammatical sentences in (42c) and (43c) givetaghe same local error that indicates the
temporary ungrammaticality in the corresponding ignbus sentences. In (42a) and (42c),
an agreement mismatch arises when the finite veneached. Similarly, a case mismatch
arises both in (43a) and (43c) because the pargmrcts an accusative NP but receives a
nominative NP. The only difference between ambiguand ungrammatical sentences is that
the ungrammatical sentences do not allow for aection of the error, because they do not
allow for an alternative structural assignment.

Consequently, a further conclusion that we can dram the two experiments seems to
be that ungrammaticalities due to an agreement aidmare easier to detect than
ungrammaticalities due to a case mismatch. In shenpverall pattern of results obviously
parallels the pattern that we found for the baseegsed ambiguities discussed in the
preceding sections. The data behave as predictéuebylismatch Effect: strong garden-path
effects correlate with good performance on ungrativaasentences, weak garden-path
effects correlate with poor performance on ungratiwabsentences. Therefore, we propose
that the difference in garden-path strength betwgeestions disambiguated by case and
sentences disambiguated by agreement must be iefigahie to a difference in the salience
of the temporary ungrammaticality which the disaguliting elements give rise to. The
crucial question then becomes why an agreement amiémis more salient than a case
mismatch.

As with the difference between ungrammatical actiad passive sentences discussed in
connection with base-generated subject-object amti®g, we will propose that the particular
syntactic features involved in agreement and casenaiches are the main determinants of
the salience of these two types of mismatches. Westart with the sentences in (42a) and
(42c) which elicit an agreement mismatch. To seg ah agreement mismatch leads to a
salient error, a few preliminary remarks are inesrdoncerning the syntactic status and the
morphological representation of number informatidiorphologically, number information is
expressed on the finite verb as well as on the myuase. On the verb, number is encoded
together with person information within a singldixafttached to the stem (which may be
zero). Table 1 illustrates the regular inflecticargaligm for German strong and weak third-
person verbs in the present tense.

Table 3
strong verbs weak verbs + haben
singular plural singular plural
third-person komm-+ kommen lacht/hat lach-en/haben

Within the noun phrase, number information is sigdaon the noun, on the determiner
and on prenominal modifiers. Morphological markomgthe noun or on the determiner alone
may sometimes not uniquely specify singular or gdlu€ombined, however, the marking on
the noun and on the determiner leads to an unambsgexpression of number for the whole
noun phrase.
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Table 4
Singular Plural
Type 1: article only das Muster die Muster
Type 2: suffix only die Frau die Fraen
Type 3: article + suffix das Auto die Autos
Type 4: article + Umlaut der Apfel die Apfel
Type 5: article + Umlaut + suffix der Wald die Walder

In sum, we see that number information is unamhiglyosignaled on both the noun
phrase and the finite verb which participate in dlgeeement relation. Singular and plural are
distinctly marked, and never coincide. The onlyeptons to this generalization can be found
in the pronominal system. The 3rd person proneigncan be either singular or plural.
Furthermore, the personal pronatin can function as a 3rd person singular with datase,
or as a 2nd person plural with nominative casehis respect, number information is unlike
structural case, where we find a considerable amo@iroverlap among nominative and
accusative forms. It rather parallels the morphicligexpression of dative case which, as
described above, is also most of the time unamiiguo

The parallelism between dative case and numberingai& further strengthened by the
fact that both directly affect the semantic intetption of a sentence. As far as number is
concerned, it is obvious that specification forgsilar or plural has distinct semantic effects.
Concerning case, NPs that are assigned structasakaan be associated with a broad range
of semantic roles, whereas the set of semantis tokt a dative NP can be associated with is
much more restricted (cf. Wegener, 1985). Datives l[dfe usually confined to the expression
of the goal or the beneficent/ maleficent of aricecor event’ Having semantic content,
number features (as well as the dative featurehareonfined to specific syntactic positions
and are therefore never changed in the course ®fnéactic transformation, unlike e.g.
nominative or accusative case features.

We are now in a position to explain how sentendes (42a) and (42c) that contain a
temporary or a permanent number agreement misnaaécprocessed. The phrase structural
representations of the embedded clause that tisemlaas computed immediately prior to the
attachment of the finite auxiliary are depictedovel

(44) a. cP b. CP
Npsing C NI3ing c
welche € VP welcher °C VP
Studentin " T~ Student 7 T~
N G 7
0 /\ 0 /\
t Njrir Vv t DR Vv
die Manner  besuchgn die Manner  besuchdn
haben haben

In both cases, the finite verb will first be attadhto the \-position, the only legitimate
attachment site. The parser then has to check ehtta finite verb and the subject NP agree,
i.e., share the same features for number and pegsoce the finite verb is marked for plural,
but the wh-phrase, which is associated with thgestilposition via the trace, is marked for
singular, a number mismatch arises. This erroraigyf salient and will therefore block

% In recent syntactic theory, dative case and nunimfermation therefore both belong to the class of

“interpretable” features, whereas structural casg¢ures are “uninterpretable” (cf. Chomsky, 1995).
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attempts at reanalysis. Why is it salient? As weehseen, the syntactic specification of
number always has a distinct morphological coreglate. there is always unambiguous
morphological evidence that forces the specificatad a number feature in the syntax.
Consequently, the parser must conclude that theerses is ungrammatical, and it tends to
stop further processing without starting reanaly3ikis explains why an ungrammatical
sentence involving a number mismatch as (42c) tectied easily. This also explains why a
locally ambiguous sentence involving a temporarynber mismatch as in (42a) elicits a
strong garden-path effect. Since the agreement seems to obviously render the sentence
ungrammatical, no attempt is made to find alteweasitructural assignments that would lead
to a successful parse. Consequently, locally anabigisentences of this type are judged as
ungrammatical in a large number of cases.

The final question in our explanation of gardenapeatfects in filler-gap ambiguities is
how a temporary or a permanent case mismatch isepsed. What happens if the parser
receives an NP that is overtly marked as nominatisen (43a) and (43c)? The first question
is where this nominative NP is attached. Since minative NP must function as a subject,
the only legitimate attachment site will be the jeabposition of the embedded clause. This
attachment leaves the wh-phrase without a gapHiie.only alternative gap site for the wh-
phrase is the direct object position of the embdddause. If the wh-phrase is coindexed with
a gap in direct object position, however, it cantanty abstract nominative case anymore, but
has to be assigned abstract accusative case.dbase mismatch arises. The resulting phrase
structural configuration - somewhat simplified - skown in (45a) for the garden-path
sentence (43a), and in (45b) for the corresponditggammatical sentence (43c).

(45) a. cP b. CP
NPnom (glaubst du) mbtd)
nom (glaubst du m (glaubst du
welche welcher i
Studentin CP Student CP
/T
@ VP (\VP
besuchte ﬁe\\/ be| hte m
suc m Suc m
/T
er Mann NE: V erMann NR V

] Now @ N

The crucial question we have to answer concernsdhence of the error that arises in
(45). As shown by the data in Figure 6, this kirfdegor is not salient, leading to many
incorrect responses. Why should this be so? At gi@nce, the high proportion of incorrect
responses that truly ungrammatical structures(lid) elicit may seem surprising. After all,
the initial wh-phrase is morphologically specified nominative case and therefore, it should
become clear immediately that assignment of acmgsaase is impossible. However, if the
distinction between abstract and morphological ¢agaeken into account, a solution to this
puzzle might take the following form.

In terms of abstract case, the two wh-NPs in (4bndt differ. Both carry an abstract
nominative feature. The only difference betweeraj4nd (45b) pertains to the strategies that
were used to assign abstract nominative. Accordiingur syntactic assumptions, abstract
nominative may have two sources: It may be assidpyedefault rules or, as in the case of
dative, on the basis of morphological features thatNP carries. Default assignment is seen
in (45a) whereas assignment on the basis of maogiual information takes place in (45b).
If the parser encounters the secondd¢P Mann,it will only look at the abstract nominative
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feature on the first NP node, but the abstract teatire on NP1 doesn't signal whether its
assignment was due to a default rule or due to snorphological feature. Therefore, neither
in (45a) nor in (45b) can the parser immediatelyohade that the structure it has computed is
ungrammatical, since the assignment of abstractmaiime case could have been triggered
by default. Given this possibility, the parser nsayply conclude that the nominative feature
on NP1 must be withdrawn, and accusative casedigresl to the wh-phrase instead.

To be sure, the parser would have to check whélledexical items that make up the wh-
phrase are compatible with the assignment of atwesaase. In the case of ambiguous
sentences (45a), no problems arise. The derivabomerges and the sentences will therefore
be correctly judged as grammatical. In (45b), om dther hand, problems do arise, because
the interrogative pronourwelcher is explicity marked as nominative and definitely
incompatible with accusative case. However, giventime pressure of the experimental task,
responses may often be initiated before the pdrasrcompleted the checking procedure.
Consequently, ungrammatical sentences are judgamrectly in a large number of cases.
Note, that lexical reaccess is not necessary toy caurt this checking procedure since the
relevant information is already in the lexical i®rthat the parser has. According to our
morphological assumptions, the NMelche Studentiris underspecified with respect to
morphological case and therefore compatible witiicstiral case in general, that is, with both
nominative and accusative case. The WPIcher Studentjnstead, is morphologically
specified for nominative cage.

5.2 Filler-Gap Ambiguities and Base-Generated Ambigities Reconsidered

In this section, we come back to a contrast in gauwplath strength that was already pointed
out when we introduced the two types of subjecedbambiguities in section 3 (cf. (46a) and

(46b), repeated from above). Whereas base-gene@ffesentences like (46a) only elicit a

weak garden-path effect, filler-gap OS-sentencg€d6i) cause a rather strong one.

(46) a. Fritz hat behauptet, dalJliein Packchep, geschickivurde weak
GP
Fritz has claimed thatUli a parcel sent was

“Fritz claimed that a parcel was sent to Uli.”

b. Maria hat gesagt, dal3 giess; die Elternowrs. () angerufernabens,
strong GP
Maria has said , that her the parents phoned have

“Maria said that the parents have phoned her.”

The various subject-object ambiguities that wereaaly surveyed have made clear that
there are severe differences with respect to gapdéim strength both within base-generated
ambiguities and within filler-gap ambiguities. Arghities of either type may elicit strong or
weak garden-path effects alike, depending on variagtors that we have discussed. The
difference between (46a) and (46b) does therefoteapresent a general difference between
base-generated and filler-gap ambiguities but oalydifference between particular
instantiation of these two types of subject-obprobiguities. It is thus rather unprobable that
the difference in garden-path strength between)(d6d (46b) can be reduced to (46a) being
a base-generated ambiguity and (46b) a filler-gabiguity, as claimed in Bader (1994a,b).

11 A further factor contributing to the low perforn@mnon sentences liR&elcher Student besucht der Mann?

might have to do with the nature of the NPs invd|vespecially the complex make-up of the wh-phrase.
For example, replacing this wh-phrase by the notivi@gpronouner (he) results in an ungrammaticality
that is intuitively detected easily. Since inveatigg the possible influence of the structure af thPs
involved has only recently started, we will notfgather into this topic.
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The main reason for comparing (46a) and (46b) ieshe fact that that these two
sentences are closely matched instances of baseaged and filler-gap ambiguities,
respectively. In both sentences, the ambiguity ostained within an embedded clause
composed out of the same constituents (complenenfiitlowed by two NPs followed by
main and auxiliary verb) and the disambiguatiopr@vided by the clause-final auxiliary. It is
therefore of some interest to see how well our thed garden-path strength fares with this
type of contrast.

According to the theory presented in this papex sinength of a garden-path effect is to a
large degree dependent on how salient the respeativigrammaticalitiy is. Truly
ungrammatical counterparts to (46a) and (46b) arengn (47a) (repeated from above) and
(47b). These ungrammatical sentences lead to the $ge of mismatch as the garden-path
sentences in (46a) and (46b), respectively. In)(4ha proper name has been replaced with
the definite NRlie Tante which is compatible with structural case but wiah dative case. In
(47b), the ambiguous feminine pronosie has been replaced with the masculine prorerun
which is unambiguously marked for nominative case.

(47) a.*Fritz hat behauptet, daf die Tante Réiokchen geschickt wurde
Fritz has claimed thatthe aunt a pdrc sent was

b.*Fritz hat gesagt, dal3 er die Eltern  anfgertaben
Fritz has said , that he the parents phonecveh

Results for ambiguous, unambiguous and ungramnhafiasentences, for both base-
generated and filler-gap ambiguities, are summdrizd-igure 7.

96,7
100 -
80
60 - EAmblgu_ous
0O Unambiguous
40 - B Ungrammatical
20 -
0 |

Base-generated Filler-gap
Figure 7: Performance on object-subject structtoebase-generated and filler-gap ambiguities

The experimental data in Figure 7 pattern preciaslypredicted by the Mismatch Effect.
The weak garden-path effect for base generated ganties correlates with rather poor
performance on truly ungrammatical sentences, vasetbe strong garden-path effect for
filler-gap ambiguities correlates with good accyrac the judgments on ungrammatical
sentences. From this we conclude that the modedasfalysis that we have developed in the
previous sections successfully covers contrastgarden-path strength not only within
construction types but also across constructioagyp

5.3 Filler-Gap Ambiguities in English

In this section we will show how our theory of gamdpath strength might account for a
recalcitrant garden-path phenomenon from the doroéifiller-gap processing in English.

This phenomenon is the surprising absence of Heelfgap effect at the subject position. The
filled-gap effect was an early demonstration tligrfgap ambiguities are not only processed
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on-line but may also give rise to true garden-peftects (cf. Crain & Fodor, 1985 for the
original observation). Consider the examples in) @8ich are taken from Stowe (1986).

(48) a. My brother wanted to know if Ruth will bgius home to Mom at Christmas
b. My brother wanted to know who Ruth will bring home to (e) at Christmas

The sentence in (48b) contains an embedded quesittated by the wh-phraseho.
The syntactic function of this wh-phrase remaimagerarily ambiguous. Since English has
lost its case morphology almost entirelyho may function as subject, direct or oblique
object. As has been shown in Stowe (1986) and dinee replicated in numerous other
experiments, processing difficulties can be obskifehe position of the direct object of a
verb likebring is occupied by a lexical NP in (48b), relative(4@a) (cf. Boland, Tanenhaus,
Garnsey, & Carlson, 1995; Kurtzman, Crawford, & NigeFlorence, 1991; Stowe,
Tanenhaus, & Carlson, 1991; Traxler & Pickering9@P The standard interpretation of this
phenomenon starts from the assumption that thepéokbows an on-line first-resort strategy
in filler-gap assignment. Therefore, the parsertuylates a gap for the filler in direct object
position without first checking whether the upcoginput string contains a NP that would
have to fill this position. If such a constituestindeed encountered, as the d3in (48b),
and the putative gap site turns out to be fillbe, provisional filler-gap assignment has to be
reanalyzed, thus giving rise to the observed pringsffects.

As has also been observed by Stowe (1986), no aaleafilled-gap effect can be
observed at the subject position. No processiniicdify arises if the subject position turns
out to be filled by a lexical NP, e.Buthin (48b). If the standard filled-gap effect at thieect
object position is taken to indicate a first-ressirategy in filler-gap assignment, the absence
of a likewise difficulty at the subject positionirsneed of an explanation.

In the literature, two different strategies haverbemployed to explain the filled-gap
effect asymmetry. According to the first stratetfjgere is a general preference for the SO-
order in English, but additional factors disguike teanalysis effect that we would expect at
the subject position and that we in fact see aectlirobject positions. Stowe herself
hypothesized that postulating a gap in object mrsitas more semantic consequences since
it completes a proposition. The need to revisengasically interpreted structure gives rise to
the ‘standard’ filled-gap effect. Since no propiasitis completed when a filler is assigned to
the subject position, no likewise effect is obsdrifehe subject position turns out to be filled.
A similar line of reasoning underlies theoKPLETENESS CONSTRAINT ON BINDING (cf.
Goodluck & Finney, 1993) which states that fillexpgassignment only takes place if the
putative gap-site marks a potential end-of-sente@tiéon and Frazier (1989) suggest that
the subject NP may simply arrive too early, i.efobe a filler-gap assignment to the subject
position has even been formed. More recently, Gipblickok, & Schiitze (1994) formulate a
theory within the framework of parallel parsing ating to which subject-object preferences
do not develop until the theta-role assigning Veals been processed. Since in English, the
subject position always precedes the verb, a gapnsay or may not be postulated there.
Accordingly, there is no preference for postulatangap or attaching a lexical NP when the
subject position is reached.

One common thread of all these theories is that ttmmstruct a principled difference
between associating a filler to the subject positemd associating a filler to the object
position: revising a gap in subject-position is @& easy and does not lead to difficulties
whereas revising a gap in object-position is alwdiffscult and therefore leads to difficulties.
But there is ample processing evidence from GeramahDutch which shows that postulating
a gap at the subject position can also lead togssing difficulties very early in the sentence,
as in examples like (49).
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(49) Welche Frau haben die Manner besucht? strong GP
Which woman have the men visited

“Which woman have the men visited”

In (49), the finite verthabendisambiguates the structure towards an OS-ordea.delf-
paced reading study, processing difficulties wenantl right at the finite verb, showing that
filler assignment to the subject position had alyeaaken place (Meng, 1995, see
Schlesewsky et al., 1996, for similar results, &@hn, 1994, for on-line evidence from
Dutch).

The second strategy to explain the absence ofilled-§ap effect at subject positions
does not focus on processes of reanalysis butrrathéhe direction of the preference itself.
According to Phillips (1995), different preferendasld in German and Dutch on the one
hand and English on the other hand. For Germanutdh, Phillips postulates an SO-
preference, but for English an OS-preference. Thass-linguistic difference directly follows
from Phillips’ principle of GNERALIZED RIGHT ASSOCIATION which predicts that object-gap
assignment will be preferred in SVO languages Ekglish, while subject-gap assignment is
preferred in SOV languages like German and Duttils Mot only explains the absence of the
subject filled-gap effect in English but also hawdthe processing facts in (49).

Nevertheless, there are conceptual as well as saparguments which raise serious
problems for Phillips’ theory. Conceptually, theoblem simply is that there is so far no
positive evidence for the claim that English follovan object-first strategy. The only
evidence is indirect, drawn from the observatioat tan effect was absent that would be
predicted to occur under standard assumptions. iiicrally, already the data in Stowe (1986)
are problematic to handle for Phillips’ theory. Asown in Stowe (1986), processing
difficulties at the object position do not occur éase the wh-phrase must function as the
subject, as e.g. in (50). This is quite unexpedteatie filler is preferably assigned to the
object position and we again would have to expdasurprising absence of a filled-gap effect.

(50) My brother wanted to know who brought us ham®om at Christmas

There is even more direct evidence that speakavarfof a subject preference in filler-
gap processing in English. Consider the locally igontus sentences in (51) and (52) which
were brought to our attention by Paul Gorrell (p.c.

(51) a. Which doctor are the patients angry about?
b. Which doctor is angry about the patients?

(52) a. Which doctors is the patient angry about?
b. Which doctors are angry about the patient?

As in the German examples above, sentences ammllpaated by the number features
of the finite auxiliary. The versions in (a) aresainbiguated towards the OS-reading, the
versions in (b) towards the SO-reading. Accordimgdtive speaker intuitions, there is a clear
asymmetry between the (a) and (b) versions. Disgmalbion towards the OS-structure seems
to lead to slight processing difficulties, with therceived garden-path effect being somewhat
stronger in (52a). This suggests that what is #gtypaeferred is a filler assignment to the
subject position. If such intuitions can be confadrexperimentally, these sentences not only
provide clear counterevidence to Phillips’ theory fdler-gap processing, they also
demonstrate that even in English, revision of larfiassignment to the subject position is not
always easy”

12 Note that Phillips' theory also wrongly prediatpreference for object gaps in ambiguous wh-qoestin

Italian, an SVO language.
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Given the theory developed in this paper, a uniégplanation becomes possible for the
early processing effects in German and Dutch antienEnglish examples (51) and (52) on
the one hand, and the absence of the filled-gaeietfiat we started with in this section. What
again seems to matter here is the mode of disamtguthat is used in these sentences and
with it, the nature of the temporary ungrammatigathat arises during processing. Let us
first turn to the question of why no processingeffwas observed in sentences like (48). Due
to the strict SVO order of English, the NRuth which immediately follows the wh-phrase,
unambiguously signals that the wh-phrase is notstiigect. To integrate the NRuth the
provisional filler-gap assignment to the subjecsipon has to be withdrawn and the parser
must look for an alternative gap site. The alteweathat the parser appears to choose is the
position of the direct object. However, if the whrase is to function as the direct object, the
abstract case feature it is associated with musthbaeged. The wh-phrase can no longer be
associated with abstract nominative case but masl @bstract accusative case instead.
Since in English, there are hardly any morpholdgicastraints on the case that a given noun
can bear, the case feature can be altered immbdi@e@nsequently, no processing difficulty
is expected to occur.

In contrast, the sentences e.g. in (51) and (52)aambiguated by number features of
the finite auxiliary: the finite verb and the puvat subject, the wh-phrase, do not agree with
respect to number. Unlike case, number featuresarantically interpretable. Furthermore,
number features find a distinct morphological egpren even in a language like English,
although to a lesser extent. On the noun, numheaiged using the affixs, apart from some
irregular forms, to distinguish the plural from teagular. On the finite verb, number is
distinctly marked in present tense 3rd person foansd in the 1st person for the auxilidogy
Since number information is always drawn from thexidon and tied to specific
morphological information, the mismatch in numbbkatt arises when receiving the finite
auxiliary will lead to a salient error. TherefopFpcessing difficulties are predicted to occur,
since the salient ungrammaticality will block atpm at finding an alternative structural
assignment, and reanalysis cannot be performectietdy.

5.4 On the Scope of the Mismatch Effect

The final question we want to discuss concernstiope of the theory of garden-path effects
that we have proposed in this paper. Does all ttanan garden-path strength that we find in
the domain of subject-object ambiguities reduceh® Mismatch Effect? Are there other
factors beyond the salience of an ungrammaticaligt contribute to the strength of the
garden-path? To begin with, let us point out ahfertfinding about subject-object ambiguities
which strongly suggests that the Mismatch Effeanly part of a more comprehensive theory
of garden-path effects. In an experiment compadifigrent kinds of filler-gap ambiguities
(cf. Bader & Meng, 1996), we have found that ambiggi OS-sentences like (53a) cause
stronger garden-path effects than ambiguous O®iseed like (54a) (the b-sentences are the
corresponding ungrammatical sentences).

(53) a. Maria hat gesagt, dal3 die Lehi&fiyacc, sinddi€ Elterfom/ace, purar §  angerufen
haben)lural
Maria has said , that the teacher the parents phoned have

“Maria said that the parents have phoned the teathe

b.*Maria hat gesagt, dafd der Lehggrsingdie Elternomace, plura @angeruferhaben .
Maria has said , that the teacher thequas phoned have

“*Maria said that the teacher have phoned the pas&n

(54) a. Maria hat gesagt, daf3 sigvacc, sinddi€ Elterfomjace, pural §  @angerufemaben, .
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Maria has said , that her the parents phoned have
“Maria said that the parents have phoned her”

b.* Peter hat gesagt, dalRel singdie Elterfomsace, pura@ngerufernaben;y
Peter has said, that he the parents  phoned have

“*Peter said that he have phoned the parents.”

Grammatically, there are two differences betweéa)and (54a). The first and obvious
one is that the first NP in the embedded claug®®4d) is a definite NP whereas the first NP
in the embedded clause of (54a) is a pronoun. &bergl and not so obvious difference is an
effect of the first one. Moving a definite NP-oljj@t front of the subject as in (53a) leads to a
marked focus-structure whereas moving an objeatqaro in front of the subject as in (54a)
does not (cf. the discussion in section 2.1). Tioeee (53a) has a marked focus structure
whereas (54a) has an unmarked one. With respdabietprocessing of sentences like (53a)
and (54a) we have found that sentences like (5Baj stronger garden-path effects than
sentences like (54a) (cf. Bader & Meng, 1996). Wavehinterpreted this difference as
reflecting the distinction between marked and uk@arfocus structure. However, given the
Mismatch Effect, there might be an alternative arption for (53a) eliciting a stronger
garden-path effect than (54a), namely an explanatio terms of the temporary
ungrammaticalities ensuing during the processinfp@$e sentences.

There is both an empirical and a theoretical reagtmy the difference between (54a) and
(53a) can probably not be explained with referetacéhe Mismatch Effect. The empirical
reason is evident from a look at Figure 7: Pergggaf correct judgments for ungrammatical
sentences like (54b) are already at such a highl 1636.7%) that we cannot expect an
improvement for ungrammatical sentences like (58b)t least not an improvement that is
great enough to explain the difference in gardah-paength. A theoretical reason to expect
that ungrammatical sentences like (53b) are judgitd the same degree of reliability as
ungrammatical sentences like (54b) derives from faw that, due to the unambiguous
nominative marking on the first NP, these are umgnatical sentences with SO-order. As
already pointed out, SO-sentences containing aestulgronoun do not differ from SO-
sentences containing a definite NP as subject et the lexical content of the subject. In
particular, they do not differ with respect to th@cus structures. Such a difference only
shows up for OS-sentences, but this should not hayanfluence on the processing of SO-
sentences. Therefore, there should be no differémt@een judging ungrammatical SO-
sentences like (54b) and (53b) as ungrammatical.

Although this has not yet been tested experimgntale tentatively conclude that the
Mismatch Effect can explain why both (54b) and (b68hcit relatively strong garden-path
effects - both contain the same salient ungramiaétic-, but that it cannot explain why the
garden-path effect elicited by (53a) is even steoripan the one elicited by (54a). Given the
model shown in (33), the difference between (54a) @3a) can only reside in differences in
the ease of reanalysis, because reanalysis imthidusther source of garden-path strength in
this model apart from detecting a temporary ungratroality. We will therefore upheld our
earlier proposal (cf. Bader & Meng, 1996) that (bi8amore difficult to reanalyze than (54a)
because (54a) only involves a revision of the sytidastructure whereas (53a), in addition to
the same syntactic revision, also involves a remigf the associated focus structure. This
clearly shows that the salience of an ungrammatiycesl only one factor contributing to the
strength of a garden-path effect.

6 Summary

In this paper we have proposed that syntactic anmgigesolution is not only sensitive to
phrase-structure information but also to informatiabout syntactic features and their
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morphological spell-out. Evidence for this claimnees from experiments that have
investigated the processing of subject-object amtiés in German. With respect to first-pass
parsing, we have shown that there is a generaémmete for assigning an SO-structure to
locally ambiguous sentences. We have explained gregerence with resort to the Case
Preference Principles proposed by Bader et al. §198hese principles capture the SO-
preference found for base-generated subject-olgjeiiguities which are problematic for

purely phrase-structural accounts. Independenta@tpgpr the assumption that the parser’'s
decisions are sensitive to information about caeves from the finding of case-attraction

phenomena: under the influence of an adjacent elatiarked relative pronoun, a case-
ambiguous proper name is preferentially understsod dative object.

With respect to second-pass parsing, our claim tmarphological information
contributes to the strength of garden-path effectsased on a new account of garden-path
strength in subject-object ambiguities. This actoderives from the observation that the
strength of garden-path effects in ambiguous seeteis directly related to performance on
corresponding ungrammatical sentences: ungramrhagcéences corresponding to difficult
garden-path sentences are correctly judged as mngatical with higher reliability than
ungrammatical sentences corresponding to easy matld sentences. This empirical
generalization is easily explained by three assiomgt First, the human parsing mechanism
Is a serial device. This assumption provides arahtink between garden-path phenomena
and ungrammaticality detection because it is onthefbasic tenets of serial models that an
ungrammaticality occurs during the processing gaalen-path sentences, albeit a temporary
one.

Our second assumption is an extension of the stdrgkxial model. According to the
standard view, the parser will try to reanalyze ¢herent structure in order to find a correct
one after it has detected a temporary ungrammayicAls we have argued above, this view
cannot explain the complicated pattern of garddh-peirength seen in subject-object
ambiguities, even if we acknowledge the divisionre@dnalysis into diagnosis and revision
processes as suggested by Fodor and Inoue (19@4havé therefore proposed that a second
option apart from reanalysis has to be taken istmant: instead of trying to reanalyze the
incorrect structure, the parser might simply tdkie structure at face value and conclude that
the sentence is ungrammatical. A sentence for wihishoption is taken often will result in a
strong garden-path effect.

The third assumption has been that the choice lestweanalysis and ungrammaticality
judgment is a function of the salience of the ungraticality that signals that the initial
structure is no longer compatible with the inpuir Balient ungrammaticalities, the option of
judging a garden-path sentence as ungrammatical eviar the option of reanalysis whereas
it is the reverse for less salient ungrammatieditiSalient ungrammaticalities will therefore
lead to strong garden-path effects whereas lessnsalngrammaticalities will only lead to
weak garden-path effects, as stated in the Mismiatfgdct. This brings us back to the initial
finding of a relation between the processing ofdgarpath sentences and ungrammatical
sentences. If the salience of an ungrammaticaitgilected in how good it is detected, then
it follows that strong garden-path effects corregpdo ungrammatical sentences that are
easily perceived whereas weak garden-path sentencespond to ungrammatical sentences
that are difficult to classify as ungrammatical.

Under this account of garden-strength, an importpmstion becomes what determines
the salience of an ungrammaticality. For the sukpbgect ambiguities discussed in this
paper, this answer cannot be answered in synti&etits alone. Instead, a crucial factor seems
to be how syntactic features are spelled out imtbephology: ungrammaticalities involving
syntactic features that are usually unambiguougiyated by morphological means are more
salient than ungrammaticalities involving featurésat often have an ambiguous
morphological realization. A further factor contitimg to the salience of an
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ungrammaticality is possibly whether the featuragehsemantic content or not. Features with
semantic content (e.g. dative case, number fegtunesrease the salience of an
ungrammaticality whereas features without semanttitent don't.

The evidence for the Mismatch Effect presentedhis paper stems from a survey of
experiments that investigated subject-object amtigu with the method of speeded-
grammaticality judgments. This raises two questidfisst, since the experiments were not
designed as a direct test of the claim embodigtienMismatch Effect, some of the crucial
comparisons with respect to ungrammaticality desacand garden-path strength had to be
made across different experiments. Given that pmdoce may vary from experiment to
experiment - in particular with respect to the magite of effects -, comparing percentages of
correct answers across different experiments niegd to false conclusions. To remedy this
situation, we are currently conducting a new selésexperiments where ambiguous
sentences exhibiting weak and strong garden-pdtcttefare directly compared to their
corresponding ungrammatical sentences (cf. Bad&efag, in prep). The second question
with regard to our empirical evidence concerns fiaet that our theory of garden-path
strength is based on experiments using the metificgberded grammaticality judgments.
Since our theory is not intended to be a theorgpdeded-grammaticality judgments but a
general theory of garden-path strength, we havmdke sure that garden-path strength as
measured by the speeded grammaticality judgmektisasot an artifact of this particular
method. For ambiguities that have been investigdteth with the method of speeded
grammaticality judgments and with reading times hrods, the same pattern of weak and
strong garden-path effects has emerged. For exampieo self-paced reading experiments
that investigated the base-generated subject-o@jebiguity in (20) and the filler-gap subject
ambiguity in (18), respectively, filler-gap OS-semtes elicited stronger garden-path effects
than base-generated OS-sentences as measured bgathieg times differences between
ambiguous and unambiguous OS-sentences (cf. BHal#4). Similar results have been found
for differences within filler-gap ambiguities (d¥leng, in prep). We therefore conclude that
speeded grammaticality judgments and reading tneidsct basically the same phenomenon,
namely the strength of garden-path effects, andttieaMismatch Effect is a general theory of
garden-path strengffi.

Let us finally point out that the particular retati between garden-path strength and
ungrammaticality detection found for subject-objantbiguities favors serial models of the
human parsing mechanism over competing modelspikallel models (cf. Gibson, 1991) or
minimal commitment models (cf. Weinberg, 1993). Tieason for this is the natural link
between ungrammaticality detection and garden-phena provided by serial models. Since
serial models assume that a single fully spec#iedlysis is pursued in case of an ambiguity,
the processes that lead to a garden-path effeetaes's triggered by a mismatch between the
current syntactic structure and some input itermdde the notion of detecting a mismatch -
or temporary ungrammaticality - is one of the defincharacteristics of serial models of the
human parsing mechanism. This is not so for minicoahmitment or parallel parsing models.
In minimal commitment models, for example, temppnangrammaticalities only arise during
the processing of difficult garden-path sentendesthe same way as in serial mod¥ls.

13 This does not necessarily mean that there areiffevethces between speeded grammaticality judgment

experiments and experiments using reading time unegssFor example, it has been our experiencddahat
subject-object ambiguities disambiguated at thasgéinal verb, finer-grained distinctions in ganeath
strength are obtained with speeded-grammaticaidgients than with self-paced reading.

Note that minimal commitment and parallel mod#ten make the assumption that garden-path effaltts
into two categories, namely weak and strong gapih-effects, with strong but not weak garden-path
effects leading to conscious difficulties. We dot mhare this assumption but will discuss minimal
commitment and parallel models in terms of the hyinaassification into weak and strong garden-path
effects for reasons of simplicity (cf. Bader & Meri@96, for discussion).

14
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During the processing of easy garden-path sentendes contrast, temporary
ungrammaticalities do not play any role becausestspcified syntactic representations are
computed for such sentences. Therefore, at theé pbadisambiguation no mismatch can arise
between the already computed structure but onlyrntbed to convert an underspecified
representation into a fully specified one. A catiein between easy garden-path sentences
and less salient ungrammaticalities is therefotedmbe expected.

A parallel model like the one of Gibson (1991) gieh more complicated picture because
temporary ungrammaticalities occur both in easy aliicult garden-path sentences.
Nevertheless, a correlation between garden-patlengiin and the salience of
ungrammaticalities is not to be expected. In Gitsoamodel, the basic mechanism to explain
differences in garden-path strength is providedH® assumption that alternative syntactic
structures are pursued in parallel in the caseasy garden-path sentences but only a single
preferred structure is pursued in the case ofddiffigarden-path sentences. Since both the
preferred and the unpreferred structure are cordpine parallel for easy garden-path
sentences, with the preferred structure rankedehnitifan the unpreferred one, the unpreferred
structure will be available should the preferrea dead to a mismatch with further input
material, independent from the particular mismdtet causes the preferred structure to be
pruned. For difficult garden-path sentences, ohly preferred structure is pursued. If this
structure is contradicted, the unpreferred strectmust be computed from scratch. Again, the
type of mismatch should not matter since the umpredl structure will be unavailable for any
kind of mismatch. This does not mean that therexasway to make a parallel model
compatible with the results reported in this paptswever, this would lead to a model of
considerable complexity, and it would underminesat@al claim of a parallel model like the
one in Gibson (1991), namely that the strength ghalen-path effect directly depends on
whether alternative structures are computed inligha not.
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