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Abstract

In three experiments using a speeded grammatigatifement task the question was
investigated of what role morphological ambiguitstys for syntactic ambiguity
resolution. The stimuli were German verb-final glasiwhich are locally ambiguous
between a subject-object and an object-subjecinmgashd where the ambiguity is not
caused by phrase-structural differences but byuwliffy case-assignments. The first and
the second experiment show that sentences ofitiisakhibit a subject-object preference
which must be explained by preferences for cexase-assignments to morphologically
ambiguous NPs. The third experiment shows thatsiliigect-before-object preferences
turns into an object-before-subject preferencescse-ambiguous noun is followed by a
relative pronoun that is unambiguously marked ftive case. This reversal of the
subject-before-object preference is explained Bym@ng that a case-ambiguous noun can
attract a case-feature of an adjacent relativequnona phenomenon similar to attraction-

errors found in speech production (Bock & Millegal).
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Syntactic and Morphological Contributions

to Processing Subject-Object Ambiguities

Introduction

In order to understand a sentence, the listeneramter must quickly compute
representations on different levels, ranging frmoustic or visual representations of the
input to models of the situation described by #etence. On most, or perhaps all, levels
of representation hearers or readers are facedhathroblem of ambiguity: At the point
where a piece of input is received, the informatiwnailable does not suffice to determine
a unique analysis. Despite lack of sufficient infation, the human sentence
comprehension system often seems to select ome iassible analyses immediately. If
this analysis is not confirmed by later input, @esing difficulties are encountered.

An area of research where ambiguity has playedt&pkarly important role is the
area of parsing, that is, the process of assigsyn¢actic structures to sentences. Models
of the human parsing mechanism are typically defingh respect to the way they handle
syntactic ambiguity resolution (for a recent review Mitchell, 1994). According to
SERIAL MODELS of the human parsing mechanism (cf. Frazier & Foti®78; Frazier,
1987), the input to the parser is structured instingle ongoing syntactic representation
on a word-by-word basis. This initial assignmenadalyntactic structure is called first-
pass-parsing. In case of a syntactic ambiguity reveevord can be integrated into the
ongoing representation in more than one way, ortkeopossible continuations is selected
immediately. If this initial analysis is contradick by later input material, it has to be
reanalysed. Such a reanalysis, which is calledrgkpass parsing, often leads to garden-

path effects, that is, increases in processing &vale point of disambiguation. A well-



5
Subject-Object-Ambiguities
known illustration of the garden-path phenomenahéssentence pair in (1). The
reduced-relative reading in (1a) leads to a gaph-effect at the disambiguating main

verb (fell) whereas the main-verb reading in (1b) is proakssaoothly.

(1) a. The horse raced past the barn fell down.

b. The horse raced past the barn and fell down.

However, not all local syntactic ambiguities leagtocessing difficulties as severe as
those in (1a). An example of such an ambiguityravjged in (2). Although there seems
to be an initial preference for analysing the ambigs NP_thensweras an object of
knew, the reanalysis that becomes necessary if thialianalysis cannot be upheld is

guite easy (cf. Frazier & Rayner, 1982; Fodor &uUep1994; Gorrell, 1995).

(2) a. Peter knew the answer was false.

b. Peter knew the answer immediately.

A central aim of research into syntactic ambiguoégolution has been to identify the
particular contributions that various kinds of lingfic information make to first-pass
parsing preferences and to reanalysis. In particillaas been asked what types of
information determine which structure is preferagdhe point of ambiguity, and what
types of information determine whether a reanalgéibe structure initially computed is
difficult or not. Information sources proposed tmtrol first-pass parsing decisions
include phrase-structure rules (e.g. Frazier, 198@matic roles (e.g. Carlson &
Tanenhaus, 1988; MacDonald, Pearlmutter, & Seidgnli®94), lexical-semantic
knowledge (Stowe, 1989; Lipka, 1993) and semantigcymatic knowledge (e.g. Altmann,
1988). With respect to the fact that garden-pafbces vary in strength, a range of theories

has been proposed, both within the framework aébkparsing (cf. Frazier, 1987; Fodor
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& Inoue, 1994) and within the competing framewookparallel (cf. Gibson, 1991) and
minimal commitment parsing (cf. Weinberg, 1993).dazount for differences in garden-
path strength, most theories rely on syntactic kedge, but alternatives have also been
proposed (cf. Ferreira & Henderson, 1991; Bade94)19

This paper will investigate a further piece of limgfic information, namely case, and
its role in first- and second-pass parsing. Casetayed only a minor role in theories of
human parsing, mainly because of its impoverisiézlin English. Case might provide
insights into the nature of the human parsing meishadue to its double-sided nature.
On the one hand, case is a syntactic notion: NBsrgeparticular syntactic functions are
assigned particular cases (e.g. nominative cassufject, accusative case for direct
object). On the other hand, case is also a morgleaibnotion: NPs bearing different
cases might have different morphological shapeEniglish, only pronouns are
morphologically differentiated with respect to césey. Iversus mgheversus himetc.),
whereas all other kinds of NPs are undifferentialéte language investigated in this
paper, German, has a much more elaborated morpbalagse system than English but
at the same time a great deal of case ambiguigsdlase ambiguities often lead to
syntactic ambiguities. A particular kind of synta@mbiguity caused by case ambiguity
are subject-object ambiguities, as exemplified3in Since proper names are not inflected
for case and since German is a language with avellafree word order, (3) is globally

ambiguous between the reading “Maria loves Frital the reading “Fritz loves Maria”.

(3) Maria liebt Fritz.

Maria loves Fritz

Either “MarialoveskFritz” or “Fritz lovesMaria”
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Research on subject-object ambiguities in GermarH@mforth, 1993, Bader, 1994,
and the references given in the next section) bapaid attention to the question as to
what role case might play in processing such anifégu Instead, subject-object
ambiguities have been treated on a par with sisfplectural ambiguities, in particular
filler-gap ambiguities of the kind known from resg@on English (cf. Fodor, 1989). The
aim of this paper is to show that in order to actdar the full range of subject-object
ambiguities, the processing of case has to beattplintegrated into models of the
human sentence processing mechanism. Due to theitled nature of case, this
integration has not only consequences for the parsper, but also for the relation
between parsing and lexical-morphological procegsiine main aim of this paper is to
show that certain garden-path phenomena foundufgest-object ambiguities follow
naturally from some simple and independently jiesdiissumptions about how case is
morphologically and syntactically represented aoa these representations are put to
use in comprehending sentences.

The main evidence for these claims on the procgssicase comes from a series of
three speeded grammaticality judgement experintbatanvestigated a particular
subject-object ambiguity that is not amenable ti@atment in terms of filler-gap-
processing. Before presenting these experimeras)dkt section will introduce this
ambiguity together with relevant background infotim@ on German and the processing

of subject-object ambiguities.

Case and the Processing of Subject-Object Ambeguiiti

In contrast to the SVO-language English, whereasstitt functions like subject or
object are determined positionally, German is &+ed-language where syntactic

functions are mainly signalled by morphological meeConsider the sentences in'(4).
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(4) a. Peter hat gesagt, daBomer] [np-akk den Onkel] getroffen hat.

Peterhas said that _he _theu et has

“Petersaidthathe mettheuncle”

b. Peter hat gesagt, daf A ihn] [np-nomder Onkel] getroffen hat.

Peterhas said that him theun et _has

“Petersaidthatthe unclemethim”

In the embedded clause of (4a), the subject predbeeobject, whereas in the
embedded clause of (4b) the subject follows theaibjrhis can be determined by looking
at the case morphology of the two NPs involved4kn), the pronoun es marked for
nominative and de@®nkelmarked for accusative case. In (4b), ilnmarked for
accusative and dé@nkelmarked for nominative case. Despite the importaricase
morphology in signalling syntactic functions, casebiguous NPs abound in German. By
replacing the masculine NPs in (4b) with feminimes, the globally ambiguous sentence

(5) results.

(5) Maria hat gesagt, daRe[nom/akk Si€] [np-nom/akk die Tante] getroffen hat.

Maria hassaid that she/her theaunt met has.

“Maria saidthatshemetthe aunt” or “Maria saidthatthe auntmether”

Feminine NPs in German are not differentiated betw&minative and accusative
case. In consequence, the syntactic functionseolNtPs in (5) are not unambiguously
determined and the sentence admits both a readihghe subject preceding the object

(Maria saidthatshemettheaun) and a reading with the object preceding the sibje

(Maria saidthatthe auntmether). The global ambiguity disappears if the two ease

ambiguous NPs differ in number, as in (6).
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(6) a. Maria hat gesagt, dalfomSie] [vr-akk die Tanten] getroffen hat.

Mariahassaid that she/her theaunts met has.

“Maria saidthatshemetthe aunts”

b. Maria hat gesagt, daffelacc Sie] [vp-nomdie Tanten] getroffen haben.

Maria hassaid that she/her theaunts met have.

“Maria saidthatthe auntsmether”

Due to subject-verb-agreement, the sentences er¢6jlobally unambiguous.
Nevertheless, they are still locally ambiguous:pgheser has no secure basis to decide
which of the two NPs is subject and which objediluinhits the clause-final finite
auxiliary. Therefore, these sentences raise thal gaestions for locally ambiguous
sentences: is there a preference for one of thestmiotures, and if so, does
disambiguation in favour of the non-preferred suue lead to a measurable garden-path
effect?

The ambiguity illustrated in (5) is a filler-gap higuity (cf. Fodor, 1978, 1989). In
formal accounts of German syntax (cf. Stechow &r&ifeld, 1988; Haider, 1993), it is

assumed that for simple transitive verbs like &ge{to meej}, the basic word order is

subject in front of object. This is the order found6a). The reversed word order in (6b),
in contrast, is not a basic one, but must be dérbyean application of “Move*: The
object must be moved to a position in front of shibject, leaving a trace behind. This
gives rise to a filler-gap ambiguity as shown ih {ere, the gap ts a doubtful gap
(Fodor, 1978) because it only appears in the rgadith sieas object but not in the

reading with sieas subject.

(7) ... dal sig die Tante (} getroffen hat.
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According to the Minimal Chain Principle proposedde Vincenci (1991) (cf. (8)),
the parser will analyse the ambiguous pronoumns{€) as subject, because with this
analysis it is not necessary to postulate a tnabereas a trace would be necessary ifssie
analysed as object. If the sentence then end®ipltinal auxiliary haberthe initial
structure has to be revised by creating the chemwa in (7). This revision should show

up in processing difficulties for sentences disayjubted by haben

(8) Minimal Chain Principle (MCP)
Avoid postulating unnecessary chain members atustste, but do not delay

required chain members.

This prediction has been confirmed both in a salfqul reading study (Bader, 1994)
and in a study using the method of speeded graroatiafijudgements (Bader, 1996b).
The former study found prolonged reading timeslHierdisambiguating clause-final
auxiliary in sentences like (6b). In the latterdstuambiguous object-subject sentences
like (6b) were judged as grammatical at only 31%ereas unambiguous object-subject
sentences like (4b) were judged as grammatica@%t, 8vhich is not different from either
ambiguous (cf. (6a)) or unambiguous subject-olgeatences (cf. (4a)). This is clear
evidence of a preference for taking the initial &Psubject and the second NP as object.
If this preferred structure is contradicted by skeatence-final auxiliary habem (6b),
reanalysis becomes necessary, resulting in a styartgen-path effect. Similar results
have been found for other kinds of filler-gap anoitigs in German (e.g. Bader & Meng,
1996; Hemforth, 1993; Mecklinger, Schriefers, Staer, & Friederici, 1995; Schriefers,
Friederici, & Kuhn, 1995)

By explaining the subject-before-object prefereaxkibited by sentences like (6) in

terms of a principle like the MCP, one gives neera the fact that a sentence pair like (6)
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exhibits not only a filler-gap ambiguity but at tb@me time a case-ambiguity. While case

ambiguity per se might not be crucial to the precesof filler-gap ambiguities, there is a

further class of subject-object ambiguities for @fhcase might be more important. This

kind of subject-object ambiguity is illustrated(®). In the active clause (9a), the NP Uli

is the subject and the NP_eiRestkarte¢he accusative object. In the corresponding

passive clause (9b), UB the dative object whereas eipestkartas the subject.

(9)

a. Jemand hat behauptet, da Uli eine Rdstgeschickt hat.

Someonéasclaimed thatUli a postcard sent has

“SomeoneclaimedthatUli senta postcard”

. Jemand hat behauptet, dal3 Uli eine Postgagehickt wurde.

Someonéhasclaimed thatUlia  postcardsent was

“Someoneclaimedthata postcardvassentto Uli”

The local ambiguity of the two sentences in (3)adssed by the fact that the two NPs

involved, namely Uliand_eindPostkarteare morphologically ambiguous with respect to

their case. By using unambiguously case-markedihg?sad, unambiguous sentences can

be created. This is shown in (10).

(10) a. Uli hat behauptet, dal® sie einen Bristg&kt hat.

Uli hasclaimed thatshea ettersent ‘has

“Uli claimedthathesenta letter.”

b. Uli hat behauptet, dal3 ihr ein Brief gesktweurde.

Uli hasclaimed thather a lettersent was

“Uli claimedthata letterwassentto him”
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The sentences in (9) and (10) contain the ditramesiterb_schickerfto send. Like its

English counterpart, the German verb schickeincategorises for three arguments: an
agent, a goal, and a theme. A sentence with aetarguments is shown in (11). Here, the

agent (sigshg is realised as subject, the goal (deehrertheteachey as dative object,

and the theme_(eindBrief/a letter) as accusative object.

(11) Uli hat behauptet, dal3 sie dem Lehrer eBrésf geschickt hat.

Uli hasclaimed that shethe teacherm lettersent  has

“Uli claimedthatshesenttheteachem letter”

(12) shows the relation between the use of schiektmall three arguments and the

two ambiguous sentences in (9) both in terms of easl in terms of thematic roles.

(12) a. daB AGENJom RECIPIENFat THEMEgce geschickt HAT

b. dal AGENfom THEMgc geschickt HAT.

c. daR RECIPIEQp)f THEMEpRom 9geschickt WURDE.

(12a) is an abstract representation of (11) witkhate arguments of schicken
spelled-out.The active sentence (9a) correspon@ty). Here, the dative object has been
dropped. This results in a sentence with a sulipdloived by an accusative object. In the
passive sentence (9b), which corresponds to (ffZekubject is automatically suppressed
as an effect of passivization. As a further effiEfgpassivization, the theme or accusative
object is promoted to subject. Similar effects a$givization - suppression of subject,
promotion of object to subject - are found in EslgliHowever, there is a crucial
difference in how the latter effect is achievedamEnglish passive clause, the subject
takes the same position as the subject of an adlwese, i.e. the position directly

preceding the verb. In German passive claused)@ather hand, the subject takes the
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same position as the object of the corresponditigeaclause. This means that active and
passive clauses differ in the serialisation of dagenot in the serialisation of thematic
roles. Whereas the position of the nominative ma&ikE changes in active and passive
clauses, the position of the theme does not chahigethe final argument both in active
and in passive clauses.

The syntactic representations for the two sentemc€ are shown in (13). These
representations, which are taken from Haider (1993)Reuland & Kosmeijer (1993) for
a related proposal), do not contain an Inflectid?ladase (IP) and thereby do not provide a
privileged position for the subject. Instead, tr@mr@lementizer Phrase (CP) directly
dominates the Verb Phrase (VP) which contains thalsubject and the object. One
reason for this kind of representation lies infée just outlined, namely that in passive
sentences the subject normally follows the objadtia not moved to a clause-initial

position as in English, indicating that there issimgle subject-position.

(13) a. cP b. CP
/\ /\
C VP lC VP
daf NRominative Vv daR Ndtive Vv
Uli NEccusative  V Uli N minative )
eine Postkarte geddhiat eine Postkarte geddhivurde

As can be seen by comparing (13a) to (13b), thaauitp of the sentences in (9)
does not involve a filler-gap ambiguity, and, indeeo phrase-structural ambiguity
whatsoever. The only difference between (13a) a88)(lies in the distribution of case
features. From this it follows that a structuredshprinciple like the MCP does not apply
to sentences like (9a) or (9b). That is, if theohason of syntactic ambiguities were
completely determined by phrase-structural diffeesnbetween alternative syntactic
structures, neither of the two readings possibl¢He ambiguous regions of the sentences

in (9) should be preferred to the other. Accordimgkither disambiguation should lead to
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a garden-path effect. However, if syntactic amhigresolution is not only driven by
phrase-structural information but also by inforroatabout case, a parsing difference
between (9a) and (9b) could be expected. The expets reported later address these
predictions.

A theory of syntactic ambiguity resolution thatdgtates the processing of case
information into a serial model of the human pagsimechanism has been proposed by
Bader, Bayer, Hopf and Meng (1996). The empiricgdence for this theory comes from
the fact that not only subject-object ambiguitias ¢ead to garden-path effects in German

but also object-object ambiguities. Consider aessrd pair like that in (14).

(14) a. Menschen, die in Not sind, sollbean unterstitzen.

persons whoin distressare shouldone support

“One shouldsupportpersonsvho arein distress.”

b. Menschen, die in Not sind, sollte rhaitfen.

persons whoin distressare shouldone help

“One shouldhelppersonsvho arein distress.”

(14) displays a local ambiguity between accusative dative object. In (14a), the

initial NP Menschendie in Not sind (personsvho arein distress)s an accusative object,

whereas it is a dative object in (14b). This difere, which cannot be observed directly
in (14), because the noun Mensclemorphologically ambiguous between accusative
and dative case, will show up if a determiner gented in front of Menschefor (14a),
the determiner dievould be appropriate, whereas deould be the correct form for (14b).
It is an idiosyncratic property of verbs that havdy a single object whether they assign
accusative or dative case to their objects. Both wisentence rating study and an

experiment measuring event related brain poten(izZRPs), Bader et al. (1996) could
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show that a garden-path effect is elicited at thase-final verb in (14b), where the initial
case-ambiguous NP receives dative case. This tedithat the human parsing
mechanism prefers to assign accusative case tmbig@aous object, and that it causes
some difficulty to change this decision on encotingga verb assigning dative case to its
object instead of accusative case.

The preference for accusative to dative case ddinsigpass parsing and the
concomitant difficulty of withdrawing the preferredse-assignment can be explained by
certain properties of the German case system. 8gttactically and morphologically,
nominative and accusative case pattern togethde whtive is distinguished.
Syntactically, nominative and accusative case @ealiedSTRUCTURAL cases whereas
dative case is BEXICAL case. The basis for this classification lies m fict that
argument-alternations like the active-passive @étgon affects nominative and accusative
NPs but not dative NPs. This is illustrated in (&pa) shows that an accusative object
becomes a subject and thus nominative-marked yadsivization. In contrast, if a verb
with a dative object is passivized, as in (15b¢, grammatical status of the dative object
does not change. There, the resulting passiveelstilkhas a dative object and no subject

at all, as is clear by the fact that the dativekedM\P does not agree with the passive

verb.
(15) a. Sigomunterstitzt vielg, Viele,omwerden von ihr unterstitzt.
She supports many Many are by hersupported
“She supportananypeople.” “Many peoplearesupportedy her.”
b. Sigom hilft vielenya Vielenya: wird von ihr geholfen.
She helpsmany Many is by herhelped.

“She helpsmanypeople.” “Many peoplearehelpedby her.”
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Morphologically, the two structural cases nominatand accusative often share the
same form, whereas dative is signalled unambigyanshost cases. Table 1 shows the
inflection paradigm for the definite determinerGerman. German has four cases:
nominative, accusative, dative, and genitive c&gee genitive case is mainly used for
modifiers and arguments of nouns and plays onlyegmal role as a case for verbal

arguments, it will not be considered any further.

Insert Table 1 about here

As can be seen from Table 1, nominative and adeeseadse are only distinguished
for masculine singular determiners. For feminind aauter singular and for plural
determiners, the nominative form is identical te #tcusative form. Dative determiners,
on the other hand, are always distinguished froth hominative and accusative
determiners, and indeed have a unique morphologiage with the exception of the
feminine_demwhich is either dative or genitive. What holds definite determiners also
holds for most other kinds of determiners, likedfidite determiners, quantifiers and
interrogative determiners. From this it followsttaabiguities involving dative case can
only arise from determinerless NPs, like proper eaor bare NPs as in (14).

The case pattern of German, as illustrated in Tabieay be summarised as follows:
First, structural case (nominative and accusats/&#)e default case for determiners.
Second, a determiner can express dative casefanly explicitly marked for dative case
by morphological means. This generalisation carepeesented by assuming that there
are distinct features for abstract and morpholdgiaae and that every lexical item
realising abstract dative case must bear a morgloalbdative feature, whereas abstract

structural case can be realised by lexical itermsarked for morphological case. These
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assumptions will give rise to representations thk@se in (16). (Abstract case is indicated
by small letters, morphological case by capitalkisaand additionally by circling.)
Although these representations were first propasepsycholinguistic grounds (cf. Bader
et al., 1996), they meet with certain ideas in@ormorphological theory, namely that
systematic morphological ambiguity (syncretism)udtidoe captured by the notion of

underspecification (e.g. Halle & Marantz, 1993; Warlich & Fabri, 1995).

(16) a. VP b. VP
NPk \ DPyat \

I T~ I
Det N sehen De ! helfen
dlas l(ind Ki
The assumptions that have been made so far alaytitactic and morphological
representation of case must be supplemented bynaisms about the lexical and
syntactic processing of case. The assumptions d@heulgxical processing of case directly
derive from the syntactic-morphological represeatajust introduced. According to this
representation, for a case-ambiguous noun likelé)ical access must make available the
information that this noun can be either underdpetior morphological case, thereby
realising structural case, or morphologically spedifor dative case. | therefore assume
that the lexical entry for a proper name provides morphological forms that can be
inserted into the phrase-marker: a morphologiaatigerspecified one for structural case
and a second one specified for dative case. Aaogiidi this assumption, proper names
are regular insofar as they distinguish a formstouctural case from a form for dative
case but exceptional in that their dative form m@a®vert morphological reflex.
With respect to how the human parsing mechanismsoth case ambiguous NPs,
Bader et al. (1996) propose that the parser iseguiy the case preference principles in

(17).
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(17) Case Preference Principles
a. Prefer structural Case to lexical Case.
b. Prefer nominative Case to accusative Case.

For a serial parser that computes fully specifygttactic structures, these principles
are to be expected under the natural assumptionhiagarser's decisions are guided by
the desire to entertain hypotheses that presugsoB®v as possible. (17a) can be seen as
a consequence of the fact that dative case negascéic lexical licenser whereas the two
structural cases are default cases. (17b) folloars the generalisation that a sentence
containing an accusative object also contains gesylwhich bears nominative case, but
not vice versa. Therefore, it is safer to assigminative case to a case-ambiguous NP
than to assign dative case.

Taking together the grammatical assumptions alt@utépresentation of case and the
assumptions about the processing of case, thegmiogeof locally ambiguous sentences
like those in (9) will proceed as follows. The lexi system will make available to the
parser two lexical entries for the word |An underspecified one for structural case and a
further one for dative case. Since this is thd B of its clause, it will be assigned
nominative case in accordance with the case praferprinciples in (17). This means that
the lexical entry for Ulthat is underspecified for morphological case dlinserted into
the ongoing phrase-marker. After having procesBedé&cond NP and the following
participle, the parser will have computed the stirecin (18a). Since only one NP within
a sentence can bear nominative case, the secoid(i®a) has been assigned abstract

accusative case.
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(18) a. CcP b. CcP
/T ST
lC VP | C VP
/\
daf NRominative Vv dal3 |N%minative /V\
Uli NEtcusative Vv sie MRusative V
eine Postkarte hedd eine Positkargeschickt
wurde wurde

The corresponding sentence with the pronourvdiéch, in contrast to the proper
name_Ulj cannot bear dative case, is shown in (18b). N@te(18a) and (18b) are
identical up to the lexical content of the subjd&t When processing the clause final
auxiliary, this has an important consequence: fkeriion of the passive auxiliary wurde
leads to ill-formed structures both in (18a) andli8b). The fact that this ill-formedness
can be remedied for (18a) but not for (18b) cateodirectly read off of the
corresponding phrase-markers. The phrase-markéi8)ronly contain the information
that the respective subjects are compatible witicgiral case. The information that Uli
but not_siecan also realise dative case is not to be fournldease phrase-markers. Instead,
in order to obtain this piece of information itnecessary to go back to the lexicon and
check whether these words have a lexical entryifspedor dative case. Since a proper
name like Uliis case-ambiguous between structural case anced=se, lexical
rechecking will succeed for Udind retrieve the dative entry for this name. Hettoe
case-features in the phrase-marker (18a) can becegpby the correct ones, namely
dative followed by nominative case, leading to ecessful parse. Since reaccessing the
mental lexicon will be associated with some camtshiguous passive sentences are
predicted to be more difficult to comprehend thaambiguous passive sentences like
(10b). (cf. Duffy, Morris and Rayner (1988) and #ea and Rayner (1990) for evidence

for processing difficulties caused by lexical amliig). In contrast to the proper name

Uli, the pronoun sie (18b) cannot bear dative case. Therefore, xiodéentry for dative
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is available and the completion of the phrase-maik&b) by the auxiliary wurdwill
lead to an ungrammatical sentence.

A precursor to our assumption that what makes [gging of ambiguous passive
clauses hard is the need to reaccess the mentdhesan be found in Ferreira and
Henderson (1991). Their proposal is based on titerfg that for garden-path sentences of
the kind shown in (19) the strength of the gardathr@ffect increases with increasing
distance between the verb of the fronted whiles#aieadinpand the head noun of the

following ambiguous NP_(bogk
(19) While Mary was reading the book (that was lang boring) was stolen.

Ferreira and Henderson explain this finding byiasag first that the lexical system
makes available to the parser all possible thenfi@ioes for a verb. For the verbread
in (19), there would be at least two thematic frapmme with an agent role and a theme
role and a second one with an agent role onlyit@preferred reading of (19), the two-
argument frame is needed. According to a secondrgsson of Ferreira and Henderson,
an argument frame which is not initially selectet decay with time. This concerns the
one-argument frame of read On disambiguation, the one-argument frame wiieht
be reactivated. Since this will be the more expansie longer the decay has lasted, a late
disambiguation will be more difficult to processathan immediate one. This explanation
is basically the same as the one proposed forrtheepsing of ambiguous passive clauses,
with two exceptions. First, the lexical ambiguibat plays a crucial role in the two
explanations concerns the thematic frames of ainefb9) whereas it concerns the case
features of a noun in our passive clauses. Seémickira and Henderson invoke the
concept of lexical reactivation whereas we havekep®f lexical reaccess. However,

these two notions seem to be two related ways plementing the same idea, namely that
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certain features of an ambiguous lexical item atemtegrated within the ongoing
syntactic representation and are therefore notablaicost-free at the point of
disambiguation.

The predictions derived from the theory of Badeale{1996) can be contrasted to the
theory of Babyonyshev and Gibson (1995), whichnis of the rare theories that makes
explicit claims about the processing of case iregainand dative case in particular.
Babyonyshev and Gibson (1995) incorporate the naifacase into the parallel parsing
model proposed by Gibson (1991). According to Gib&®91), the parser computes all
possible analyses when it encounters a syntactiegaity in the input string. These
analyses are pursued in parallel as long as theytdiffer in processing load or do differ
in processing load only by a small amount. Wherptioeessing costs of two parallel
structures exceed a certain amount, the more eixegestsucture is discarded from further
consideration and only the cheaper one is pursurtigefr. The main determinant for
processing load derives from the Theta CriteriothefPrinciples- and Parameters-
Theory, which, simplifying somewhat, says that gwengument in a sentence must carry a
thematic role and that all thematic roles of a varst be assigned to an argument (cf.
Riemsdijk & Williams, 1986). In the theory of Gibs¢1991), an NP that has been created
by the parser but that does not yet have beenreski thematic role increases the
processing load of the structure that containsNifidy one processing load unit (PLU).
The threshold at which one of two parallel struesuis removed from consideration is
assumed to be two PLUs.

Babyonyshev and Gibson (1995) (B&G henceforthneethe theory of Gibson
(1991) by taking case into account for defininggassing load. The empirical motivation
for B&G comes from an investigation of processingroad caused by centre-embedding

in English and Japanese. For processing overloadgrhena, the same definitions for
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processing load units apply as for the processirgnbiguous sentences (cf. Gibson,
1991). The particular proposal B&G make is that I8Baring structural case contribute to
processing load but NPs bearing lexical case doApplying this refinement of the
parallel theory of Gibson (1991) to the ambiguibysidered in this paper gives the

following result. For an ambiguous sentence begmiike daflJli einePostkartgthat

Uli apostcardl, two structures will be computed in parallel, avieh Uli bearing
nominative and einBostkartédbearing accusative case and a second one witheldling
dative and ein®ostkartebearing nominative cagdn the first structure, there will be two
structurally cased NPs without a theta role anca8smciated processing load will
therefore be two PLUs. In the second structureetiaelt also be two NPs without
thematic role but one of these NPs bears dative aad therefore does not contribute to
processing load. The net result is that the acBé-structure will be associated with two
PLUs whereas the passive structure will only hapeoaessing load of one PLU. This
gives an advantage of one PLU in favour of theipassructure. A difference of one PLU
is below the threshold for dropping the more expenstructure but it will have the effect
that the more expensive structure should be raluvweer than the less expensive one. This
ranking should result in an experimentally deteletaibocessing difficulty in case the
sentence is disambiguated in favour of the morersipe structure (cf. Gibson, Hickok,
and Schuitze, 1994). Since the active structuteeisrtore expensive structure of the two
structures considered here, disambiguation by iveagerb should lead to processing
difficulties whereas disambiguation by an passivelary should not.

To summarise the discussion so far, accordingg@fsumptions about the
representation and processing of case taken awarBader et al. (1996), ambiguous

sentences of the kind shown in (9) are predictezktobit a preference in favour of the

subject-before-object structure. This preferencaikhhave two consequences. First,
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there should be no processing differences betwendaigaious and unambiguous active
clauses of type (9a) and (10a), respectively. Scmmbiguous passive clauses of type
(9b) should elicit a garden-path effect becausb@extra costs associated with checking
whether the case-ambiguous proper name can relaise case. This garden-path effect
should manifest itself in a poorer performance mbiguous passive sentences like (9b)
compared to unambiguous passive sentences likg. (LBb theory of Babyonyshev and
Gibson (1995) leads to opposite predictions. Sdatese-marked NPs do not contribute to
processing load in this theory, the object-befareject structure should be preferred to
the subject-before-object structure for ambiguargences like (9). This in turn should
result in a garden-path effect for ambiguous aciemtences like (9a). Experiment 1
tested the competing predictions of Bader et &9¢) and Babyonyshev and Gibson

(1995).

Experiment 1

Experiment 1 used the method of speeded grammigtigadgements in order to test
the predictions derived for locally ambiguous seoés like those in (9) from the theories

proposed in Bader et al. (1996) and BabyonyshevGibsion (1995).

Method

Subjects A group of 30 students of the University of Jpaaticipated in Experiment
1. Subjects received either course credit or 5 DMpfrticipating. All subjects were
native speakers of German and naive with respebtetpurpose of the experiment.

Materials 30 sentences were constructed. Each sentencaragpe six versions,
according to the experimental variables sentenge (gictive versus passive) and

ambiguity (ambiguous versus unambiguous versusanmgiatical). Table 2 shows a



Subject-Object-Ambigu2itAifes
complete sample itefhiThe first two versions of each set were ambigusmmences like
those shown in (9). Each sentence consisted ofia cfause followed by an embedded
verb-final clause. The ambiguity of interest waatamed in the embedded clause. Each
embedded clause contained a proper name followeh NP that was always inanimate
except in one sentence and ended in a ditransiéiske either followed by the perfect
auxiliary hat(active sentences) or the passive auxiliary wipdssive sentences). In
addition, an appropriate adverbial phrase was tiedento each embedded clause, either
between the two NPs or between the last NP anthée verb. This adverbial served two
purposes. First, to make the sentences sound ratueah and second, to lengthen the
region of ambiguity in order to increase the chaofogetecting a slight garden-path
effect. The main clauses that preceded the ambgyemibedded clauses were constructed
to be semantically neutral with respect to thevactir passive variant of each sentence.

This was achieved by mainly using verbs of sayingesieving within the main clauses.

Insert Table 2 about here

The next four versions of each sentence were difreen the two ambiguous
versions in the following way. First, unambiguouargmatical sentences were created by
replacing the proper name in the embedded claubeawpersonal pronoun and by
inserting the proper name into the main clauseh efipropriate changes to the main

clause (e.g. changing Somedo#l thatMaria...to Mariatold thatshe..). Feminine

proper names were replaced_byfsieactive sentences and by fbr passive sentences.
Masculine proper names were replaced bfpeactive sentences and by ilian passive
sentences. Note that the feminine pronounssiet completely unambiguous. It cannot

realise dative case but is compatible with both inative and accusative case. When
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constructing the sentences for Experiment 1 thisareing ambiguity was not eliminated
because of the strong evidence that an initial guarthat is ambiguous between
nominative and accusative case is preferentialyysed as a subject (cf. Bader, 1994,
1996b). Therefore, a sentence starting with glafill be processed in the same way as a
sentence starting with d&® and the ambiguity of sighould not affect the present
experiment. Whether this assumption is justifietl be discussed further after the
presentation of the results for Experiment 1.

The last two versions of each sentence were unarbgyungrammatical sentences
that were derived from unambiguous grammaticalesegs simply by switching the
pronoun. The result of this procedure was thavvadentences contained an illicit dative
pronoun (ihror ihm), and the passive sentences an illicit nomingirnegoun (sieor e.

The experimental sentences were divided into stg Bo that each list contained an
equal number of sentences in each condition bmar@ than one version of any sentence
appeared in a list. Each list of experimental serge was embedded in a list of 92 filler
sentences. These filler sentences were of a varfetgntence types. Some of the filler
sentences came from experiments unrelated to @seprexperiment. The order of

presentation of experimental sentences was randdmmslividually for each subject.

ProcedureThe current experiment as well as the followwnwg £xperiments were run
using the DMASTR software developed at Monash Uity and at the University of
Arizona by K.l.Forster and J.C.Forster. A trial Bagvith the presentation of the words
“Leerzeichentaste fur nachsten Satz” (“Spacebanéat sentence”). After pressing the
space-bar, a fixation point appeared in the cesfttke screen for 1050 ms. Thereafter, the
words of a sentence were presented one after hiee iot the centre of the screen. The

presentation time for each word was 224 ms plusdalitional 14ms for each character of
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the word. There was no interstimulus interval betveords. Immediately after the last
word, three question marks appeared on the sdre#inating to subjects that they now
had to judge the grammaticality of the sentencéjetis had to press the left shift key if
they judged a sentence to be ungrammatical andghieshift key if they judged a
sentence to be grammatical. Decisions and decisi@s were automatically recorded. If
a subject did not make a response within 2000 meswbrds “zu langsam” (“too slow”)
appeared on the screen and the trial was finisSh@ad.served to encourage subjects to
respond quickly. The notion of grammaticality wagplained to subjects by examples.
Each subject received between 10 and 20 practnesibefore the experimental session

started.

Results

Figure 1 shows the percentages of correct respoimstgs and all following
experiments, percentages of correct responsesamaigsed with both subjects (Fdnd

items (F2 as random effects.

Insert Figure 1 about here

The factor sentence type was not significant (lf¢éh< 1), nor was the factor
ambiguity (F12,58) < 1; FP2,58) = 1.61, p> .02). However, the interaction between
sentence type and ambiguity was significant byesttbjand by items (f2,58) = 7.26, p
<.01; FZ2,58) = 5.61, i< .01). Planned comparisénsere conducted to test the
hypothesis that ambiguous OS-sentences but nogamis active sentences elicit a
garden-path effect. The difference between ambigama unambiguous active sentences
(80% vs. 78%) was not significant (both t's < 1, was the difference between

ambiguous and unambiguous OS-sentences (81,3% 8868 (t158) = 1.09, t?58) < 1).
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The percentages of correct responses also shoveednanticipated results that were
tested by post-hoc Scheffé tests. First, unambig@active sentences received less
grammatical responses than unambiguous OS-sentéf8%svs. 87.3%). However, this
differences did not reach significance. Secondramgnatical active sentences received
more correct responses than ungrammatical passitersces (93.3% vs. 78%). This
difference was significant by subjects and by it€th&9) =2.97, p< .05, tZ29) = 2.38, p
<.05).

Before analysis of response times, all responsestimore than 2.5 standard
deviations (SD) away from an individual subjectsam were replaced with the cut-off
value for the subject (the value equal to 2.5 SBvalor below the mean). Less than 5%
of the response times were replaced by this avitefrigure 2 shows the response times
for correct responses. Response times were analyfetoth subjects (Fland items

(F2) as random effects.

Insert Figure 2 about here

The factor sentence type was neither significargubjects (F(1,29) = 1,04, p> .3)
nor by items (F@L,29) < 1). The factor ambiguity was significamtioth analyses
(F1(2,58) = 8.79, px .01; F%2,58) = 9.33, x .01). The same was true for the sentence
type by ambiguity interaction (f2,58) = 8.83, < .01, F22,58) = 5.49, x .01). Planned
comparisons revealed that the difference betwedngarous and unambiguous active
sentences (737 ms vs. 743 ms) was not signifiteth t1and t2< 1) whereas the
difference between ambiguous and unambiguous Ot8+s=ss (851 ms vs. 620 ms) was

highly significant (t58) = 4.06, p< .01; t58) = 4.82, < .01).
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The reaction time data showed the same two unpat&i results as the percentages
of grammatical responses. First, unambiguous asBmences took more time to be
judged as grammatical than unambiguous passiverssag (743 ms vs. 620 ms). A post-
hoc Scheffé test showed this difference to be Baamit (t1(29) = 3.37), < .01; t229) =
2.67, p< .05). Second, ungrammatical passive senteno&smore time to be judged
ungrammatical than ungrammatical active senter@®5s ifis vs. 791 ms). However, this

difference was neither significant by subjects Ipitems.

Discussion

The results that were obtained in Experiment Jafparticular subject-object-
ambiguities not involving a filler-gap ambiguitydorm the predictions of Bader et al.
(1996) and disconfirm the predictions of Babyonysaed Gibson (1995). As expected
under the former theory, which takes both syntaatid morphological information into
account, disambiguation of ambiguous sentencesviouir of the object-subject reading
led to a measurable garden-path effect, indicahiagjthe alternative subject-before-object
reading is preferred on initial-pass parsing. Sagattern of results is not compatible with
the theory of Babyonyshev and Gibson (1995) bectnis¢heory predicts a garden-path
effect for active sentences which is contrary ®résults found in Experiment 1.

The garden-path effect found for ambiguous passdagses had a reliable effect on
reaction time data but not on percentages of seesgndged to be grammatical. This is in
contrast to a typical filler-gap ambiguity like tha (6). Filler-gap sentences like (6b) lead
to a decrement of 52% and an increase of 348 mesaution times in the experiment
reported in Bader (1996b), compared to 9% and 281fomambiguous passive sentences.
This closely matches intuitive judgements aboutesges of these kinds. When asking

people for their intuitions, no conscious gardethipfects are reported for passive
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sentences like (9b), whereas sentences like (@rewvh gap is initially overlooked, often
elicit reports of conscious garden-pathing. Thifedence lends some credence to the
syntactic assumptions outlined above because sti@ction between easy and difficult
reanalysis is reflected in a syntactic distinctioat leads to a simple correlation between
syntactic revisions and ease of reanalysis. Uridesyntactic assumptions outlined above,
switching to an object-before-subject order isidiflt if reanalysis involves the insertion
of a chain but easy if it does not. Furthermonegeiswitching to the object-subject order
in ambiguous passive clauses does not involveadiibers to the phrase-structural
representation, but reaccessing the mental lexiconder to get the required dative entry,
we may conclude that such a reaccess is easieattansion of the phrase-marker by
inserting a chain (for a more thorough discussiothe relation between these two kinds
of subject-object ambiguities, cf. Meng & Bader9T}

Besides evidence for a subject-object preferenggeiment 1 has delivered two
unexpected results. First, regardless of the fatdriguity, active sentences needed more
time to be judged as grammatical and were judgegtaaamatical less often than
unambiguous passive clauses. A first explanatigghtrbe that this difference is caused
by the ambiguity of the pronoun si&s said in the description of the sentence melteri
two thirds of the unambiguous control sentencesatoad the feminine pronoun sie
which cannot bear dative case but is ambiguousd®mimominative and accusative case.
However, this explanation is rather improbable bseahere is strong independent
evidence that sie clause initial position is preferentially undeod as subject. This
evidence comes from experiments testing senterkae&l). For sentences of this kind, a
strong subject-before-object preference has baamdfmn several experiments (cf. Bader,
1994, 1996b). A more probable reason for the digathge of active sentences in

comparison to unambiguous passive sentences lesentain syntactic difference
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between active and passive sentences of the smttimgExperiment 1. All verbs in the
sentences of Experiment 1 contained ditransitive/aith an optional dative object. In
the active sentences, this object was simply othidthough this omission was always
grammatically licit, in some cases it might neveléiss have resulted in reduced
acceptability. In passive sentences, in contrhstfarmer subject was not simply omitted
but suppressed by passivization which leads gdpecaboth grammatical and completely
acceptable sentences. This difference betweereaatigt passive clauses, which also
exists in English, as shown by the examples in, (&) be clarified in Experiment 2 by
using only the masculine subject pronoumesnambiguous active sentences, thus

making these sentences completely unambiguous.
(20) a. Peter transferred some money.
b. Some money was transferred to Peter.

A second unexpected result was that the ungramafifitiof active sentences
containing a dative pronoun instead of a nominative was easier to detect than the
ungrammaticality of passive sentences containingrainative pronoun instead of a
dative one, as shown by the decrease in the pagesndf correct answers for
ungrammatical passive sentences. Although thisteffas not anticipated, it is easily
explained under the grammatical representationsvass for the sentences investigated in
Experiment 1. The syntactic representations oftwteungrammatical sentences,

excluding the auxiliary, are shown in (21) (Struet(21a) is identical to (18b) above).
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(21) a. cP b. cP
/T /T
lC VP lC VP
/\
daR lNRominanve/V’\ da?  NPdative /v\
sie NRcusative Vv iI.W NRminative \Y
eine Postkarte hedd eine Positkargeschickt
wurde hat

When discussing (18b), it was hypothesised thab@mtering the passive auxiliary
wurdeatfter having constructed the tree in (21a) wilder a process of lexical reaccess in
order to check the morphological case of $igis is necessary because the phrase-marker
in (21a) does not encode information about theladity of an alternative dative entry
for sie Such a rechecking does probably not occur in)(aftkr insertion of the perfect
auxiliary hat Although the positive morphological marking on i1 also no guarantee
that there is no alternative structural case esgilable for ihr a clear asymmetry exists
between si@and_ihrwith respect to the probability of finding an attative entry. Since
structural case is preferred in situations of amibyg from the fact that ihis marked for
dative case in (21b) the parser can conclude hiaptonoun is unambiguously marked
so. Otherwise, the case-preference principlesih\{buld not have inserted the dative
form but the one for structural case. From encaurgehe unmarked pronoun sie
contrast, nothing can be concluded about the exdstef an alternative lexical entry
because the unmarked entry will be selected bgdke preference principles independent
from the existence of an alternative dative entry.

The poorer performance on sentences correspondistgucture (21a) than on
sentences corresponding to structure (21b) carlaged to the presence or absence of
lexical reaccess in the following way. For senten@ere no reaccess occurs, the parser
can signal the occurrence of an ungrammaticalityigber-level decision processes

immediately after the detection of a case mismdtoh.sentences that trigger reaccess,
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signalling that an ungrammaticality has occurred @aly happen after reaccess has been
completed. Therefore, it will take more time toaguise the sentences as ungrammatical.
Furthermore, under the time pressure induced Ipeaded-grammaticality-judgements
experiment, it is to be expected that the decigiariassify a sentence as grammatical or
not will sometimes be made ahead of the arrivaudficient information by simply
guessing. Since guessing will be incorrect in &atepercentages of times, more errors

will be made than in sentences were no reaccesessary.

Experiment 2

Experiment 1 has shown that ambiguous passiverssgdhat exhibit an object-
before-subject order lead to a measurable gardémegfi@ct. This garden-path effect was
explained in terms of case: According to the caséepence principles in (17), a sequence
of two case-ambiguous NPs will preferentially belenstood as exhibiting the order
subject before object. If this preferred order nmaestvithdrawn due to a passive participle,
lexical reaccess will be triggered in order to saalative entry for the clause-initial
proper name. Since reaccess is not necessary mhiguaous passive sentences,
ambiguous passive sentences are associated witkhireased processing load. Before this
explanation can be accepted, it is necessary lodxalternative explanations. An
alternative to a case-based explanation might\yengn terms of thematic roles.

Thematic roles have attracted a great deal oftaitemn the recent literature on syntactic
ambiguity resolution. A first question has been thike or not thematic roles influence the
initial analysis of a syntactically ambiguous sewte(cf. e.g. Carlson & Tanenhaus, 1988;
Tanenhaus & Carlson, 1989; Stowe, 1989; Cliftor§5t Lipka, 1993). A second question
concerns the role that thematic roles might plagroctesses of reanalysis (cf. Ferreira &

Henderson, 1991; Clifton, 1995; Inoue & Fodor, 1995
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A third kind of question pertaining to thematicaslmainly concerns verb-final
languages. In a verb-final language like Germaguiments are processed before the verb
is encountered. Therefore, the processing of argtsy@nnot be guided by verb-
particular information. Instead, thematic roles bamassigned before encountering the
clause final verb only on a default basis. Carland Tanenhaus (1988) and MacDonald,
Pearlmutter, and Seidenberg (1994) have proposedhd parser tentatively assigns
default thematic roles to arguments in verb-fiaaguages. This would open the
possibility that the results found in Experimeraduld be explained in an alternative way,
namely by the assumption that it is not the neealtey an initial case assignment but the
need to alter an initial thematic role assignmbat ts responsible for the garden-path
effects found in locally ambiguous passive claubkesvever, neither Carlson and
Tanenhaus (1988) nor MacDonald et. al (1994) apé@ixabout what happens if the
initial thematic role assignment turns out to beng. One reason for this inexplicitness
might be the lack of relevant empirical evidenagctsempirical evidence can be obtained
by investigating the question as to whether theegaupath effect found in Experiment 1 is
caused by withdrawing an initial case assignmemtititrdrawing an initial thematic role
assignment.

In order to answer this question, we can take adganof the fact that an ambiguous
sentence fragment like that in (22) cannot onlytiome with the perfect auxiliary hand
the passive auxiliary wurdeut also with the quasi-auxiliary beka&il three possible

continuations are shown in (23).

(22) ... dal3 Fritz eine Postkarte geschickt ...

... that Fritz a  postcardsent
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(23) a. ... dal Fritz eine Postkarte geschickAT khas.

“that Fritz hassenta postcard”

C. ... dal Fritz eine Postkarte geschickt BEK{@&jd)

lit. “that Fritz gota postcardsent”/ “that Fritz wassenta postcard”

b. ... dal Fritz eine Postkarte geschickt WURD&S

“that a postcardvassentto Fritz”

The distribution of case and thematic roles withi® sentences in (23) is shown in

(24).

(24) a. ...dall nomagc / AGENT HE geschickt HAT.

b. ...dalf nomagc | RECIPIENT THEMEeschickt BEKAM.

c. ...daRR dat nom RECIPIENT THEMEeschickt WURDE.

According to Carlson and Tanenhaus (1988) and Maalcet. al (1994), in a

sentence starting with ddfBitz einePostkartethe initial, animate NP will be assigned the

agent role and the second, inanimate NP the theleeThe same will hold if the proper
name is replaced by an animate nominative-markedagomn like_er Only in case the
sentence starts with a dative marked pronoun fikewill the agent role not be assigned.
Instead, the recipient role will be assigned beealative marked NPs are never agents
but typically recipients. With these assumptionsuttihe assignment of thematic roles
before the verb is encountered, the results foan&xperiment 1 might be explained as
follows. Sentences ending in Haither ambiguous or not) do not need any revision
because the initial assignment of agent and theme but to be correct. Unambiguous
sentences ending in wurde not need any revision either, because theindially

assigned recipient followed by theme due to th&ioti®n on dative marked NPs just
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mentioned. Finally, ambiguous sentences endinguird@need revision because the
initial assignment of the agent role to the firf! Nas to be replaced by the assignment of
the recipient role.

The structure of this explanation in terms of theaales is basically identical to the
structure of the original explanation in terms a$e with the main difference that in the
case explanation nominative has to be replacedcbyedcase and accusative by
nominative case, whereas in the thematic role egpian, agent has to be replaced by
recipient. Since in the sentences of Experimerask @and thematic roles are confounded
(nominative is always agent and dative always rentp, Experiment 1 cannot
differentiate between these two explanations. Hawredifferent predictions emerge for
sentences ending in bekalhreanalysis is determined by the assignmeriasg, the
processing of ambiguous sentences ending in bekamld not be different from the
processing of unambiguous sentences ending in bbkaause the initial case assignment
need not be changed. Hence, sentences endingamisélould not show any signs of a
garden-path effect. In contrast, if reanalysisatednined by the assignment of thematic
roles, a garden-path effect should be expectesdiotences ending in bekaivhis
garden-path effect should be independent from déise-eambiguity of the NPs involved.
The sequence AGENT THEME should be assigned badin timbiguous sentence

beginning like dalkritz einePostkarteand an unambiguous sentence beginning_like dal3

er einePostkarte This follows from the assumption that agent & pheferred role for an
animate NP and theme the preferred role for annmzie NP as long as this assignment is
grammatically licit. Therefore, on encountering &ekthe initial assignment of agent to
the first NP must be changed to recipient. Sinceithexactly the same reanalysis that

would be necessary for ambiguous passive sentenatsambiguous and unambiguous

sentences ending in bekammould pattern like ambiguous passive clausdifittering of
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thematic role assignments is responsible for tmdeyapath effect observed in
Experiment 1.

To summarise, for sentences ending in beké#farent predictions emerge depending
on whether reanalysis is determined by case ohématic roles. An explanation in terms
of case predicts that neither ambiguous nor unamabig) sentences ending_in bekam
should show any signs of a garden-path effect. 4uamation in terms of thematic roles
in contrast predicts that both ambiguous and ungnahis sentences should show garden-
path effects comparable to ambiguous passive seggehe main aim of Experiment 2
was to decide between these two predictions. Asdir pointed out above, neither of the
two theories that have proposed that thematic emesssigned in verb-end clauses
already before the verb has been encountered nolaaspredictions as to how difficult it
will be to withdraw an initial thematic assignmeBy. deciding whether case or thematic
roles are responsible for the garden-path effagtdan Experiment 1, Experiment 2 will
make it possible to assess the potential difficaftwithdrawing thematic roles.

A further aim of Experiment 2 was to remove a cdaogtion exhibited by
unambiguous control sentences in Experiment 1, hyatine use of the feminine pronoun
sie which is ambiguous between nominative and acuesaase. In Experiment 2, only
the completely unambiguous pronouners used. If, as suggested above, the difference
between unambiguous SO- and OS-sentences is inldecd the way these sentences are
derived from corresponding three-arguments sengetice same difference should show
up in Experiment 2. Furthermore, sentences enditgkamshould pattern with
sentences ending in wurdance both types of sentences are derived byiealesyntactic

operation and not by simply omitting an optionajuanent.
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Method

Subjects 36 students of the University of Jena particigateExperiment 2. Subjects
were either paid 5 DM or received course credit.sAbjects were native speakers of
German and naive with respect to the purpose aétperiment. No subject had already
participated in Experiment 1.

Materials 30 sentences were created, with each sentenearapgin six versions

according to the two experimental variables auniligatversus wurdeersus bekajn

and ambiguity (ambiguous versus unambiguous). Aptaitem from Experiment 2 is
shown in Table 3. These 30 sentences were partiaigd on the stimulus material
constructed for Experiment 1. In contrast to theadt unrestricted productivity of
passivization, the use of the quasi-auxiliary bekmmntogether with a ditransitive verb
underlies certain semantic restrictions (cf. Wegeh@85). Due to these restrictions, only

a subset of the sentences used in Experiment @l beulised again in Experiment 2.

Insert Table 3 about here

Ambiguous and unambiguous sentences ending iwéic either taken from the
conditions ambiguous or unambiguous active senteoCExperiment 1, respectively, or
were newly constructed in the same way as descfdyatie corresponding sentences of
Experiment 1. In order to remove the ambiguityhaf pronoun sién the unambiguous
sentences, all ambiguous sentences of Experimemtained masculine proper names.
For unambiguous sentences ending in thegé proper name was replaced by the
unambiguously nominative-marked pronounweth a concomitant change in the main
clause. For sentences ending in wuttie auxiliary hatn the sentences ending_in heds

replaced by wurddn addition, the pronoun @vas replaced by the pronoun itwhich is
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unambiguously marked for dative case, in orderdéate unambiguous sentences. Finally,
by replacing the auxiliary hatith the quasi-auxiliary bekamsentences ending in bekam
were created. As was the case for unambiguousrsm#ending in_ hatinambiguous
sentences ending in bekamontained the pronoun er.

From the experimental sentences, six sentencenests created which contained an
equal number of sentences within each conditionwitiit each sentence appearing in only
one of its six versions. The experimental listsevembedded in a list of 94 filler
sentences which were of a variety of syntactic tangons. Some of the filler sentences
came from experiments unrelated to the presentrempet The experimental sentences
were randomised individually for each subject.

ProcedureThe same procedure as for Experiment 1 was wsdekperiment 2.

Results

Figure 3 shows the percentages of times subjedteflithe sentences to be
grammatical. The factor auxiliary was significamtoioth the subject and the item analysis
(F1(2,70) = 13.36, < .01; FZ2,58) = 8.10, i< .01). The factor ambiguity was not
significant in either analysis (F1,35) = .87, F@1,29) = 1.02). The interaction between
auxiliary and ambiguity was significant in both gdi and item analysis (F24,70) =

11.08, p< .01; F%2,58) = 16.15, < .01).

Insert Figure 3 about here

Planned comparisons showed that ambiguous sentende®) in_ wurdeeceived
significantly less grammatical responses than umgualois sentences ending_in wurde
(75% vs. 92%; t@B5) = 4.39, p< .01; t429) = 4.76, p< .01). In contrast, the difference

between ambiguous and unambiguous sentences endiatwas not reliable (78% vs.
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72%; t1(35) = 1.61, p> .1; t429) = 1.74,_p> .1), nor was the difference between
ambiguous and unambiguous sentences ending in b@a%mvs. 89%; tB5) = 1.17, p>
1; 129) = 1.27, p> .1). Considering only unambiguous sentencesgeseas ending in
wurdedid not differ from sentences ending in bek@9% vs. 89%; both t's < 1), but
these two kinds of sentences received significanttye grammatical responses compared
to sentences ending in (&1% vs. 72%; t68) = 4.81, p< .01; t458) = 3.75, p< .01).

Reaction times for correct responses are showigur& 4. Outliers were treated as in
Experiment 1. This affected less than 5% of tha.dBlhe factor auxiliary was significant
in the subject analysis and the item analysig¢dFD) = 10.46, i .01; FZ2,58) = 10.29,
p < .01). The factor ambiguity was significant byogcts and marginally significant by
items (F11,35) = 8.06, < .01; FZ1,29) = 3.96, < .1). The interaction between auxiliary
and ambiguity was significant in both analyseq2-10) = 15.24, < .01; F%2,58) =

5.92, p< .01).

Insert Figure 4 about here

Planned comparisons showed that ambiguous sentendex) in wurde¢ook
significantly more time than unambiguous sentemrebng in wurdg862 ms vs. 657 ms;
t1(35) = 5.74, < .01; t229) = 4.05, p< .01). In contrast, there was no significant
difference between ambiguous and unambiguous segdar either the hatondition

(793 vs. 810; both t's < 1) or the bekaondition (681 ms vs. 685 ms; both t's < 1).

Considering only unambiguous sentences, sentencisgein wurdeand sentences
ending in_bekanagain did not differ from each other (657 ms \&5 és; both t's < 1) but
differed from sentences ending_in (@7 1ms vs. 810 ms) ({10) = 4.26, p< .01; tZ58) =

4.26, p< .01).
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Discussion

The results of Experiment 2 show that the gardeh-pHect found for ambiguous
passive sentences is caused by the need to wittadramitial case assignment rather than
by the need to withdraw an initial thematic rolsiggment. Sentences ending in bekam
which are crucial for deciding between the tworalative explanations, did not show any
signs of garden-path effects and were indeed jutlybd grammatical more often than
active sentences. This is easily explained withrezfce to case, since these sentences
exhibit the case pattern nominative followed byusetive which is the preferred case
pattern according to the Case Preference Prindipl€s/). In consequence, nothing needs
to be changed when a sentence is disambiguatedkayrpand no difficulties are
encountered.

From Experiment 2 we can conclude that for sentefike those under consideration,
garden-path effects are in no way related to retrgénitial thematic role assignments.
This is in line with prior results reported by Fexz(1990) who found no evidence for an
immediate thematic assignment in English nomin&brns. However, we cannot conclude
that thematic roles do not play any role in procegserb-end sentences. There are two
possibilities why thematic roles should have nduigrice on reanalysis. First, thematic
roles are not assigned before the clause final aeditherefore no reanalysis of thematic
roles is necessary. Second, thematic roles aradylr@ssigned before the clause final verb
as suggested by Carlson and Tanenhaus (1988) aciddviald et al. (1994), but to
withdraw an initial assignment of thematic rolesos easy to detected by the current
experimental method.

While Experiment 2 cannot decide between thesepgsibilities, certain
considerations speak against the second one.ofia#lt as long as no evidence has been

found that indicates that thematic roles are assidgrefore the verb is encountered, the
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assumption that this is not so is more parsimonibughermore, assuming that the
retraction of certain initial decisions might benakt cost-free makes it rather hard to test
empirically whether these decisions are indeed niefd®acDonald et al., 1994, $96).
Secondly, it is unclear why thematic roles showddabsigned already in advance of the
verb in its clause-final position. Even for NPstthee case-unambiguous, there are often
rather weak constraints on thematic role assignn$riijects in particular are almost
completely underspecified with respect to the thteamale they may bear. A final point
speaking against the early assignment of themaliés iconcerns a principal difference
between thematic roles and case. Current thedriesioal-semantic structure (cf.
Jackendoff, 1990; Levin & Rappaport Hovav, 199%uase that notions like agent, theme
etc. are only shorthands for certain semanticicglatthat might hold between a verb and
its arguments. This means that thematic roles asecally relational notions and not
feature-like entities that have an existence af then, independent from the lexical-
conceptual structures of verbs. This contrasts vages like nominative or accusative
which are discrete features and non-relational.l&Vihis completely sensible to speak of
a noun like e.g. has being a nominative pronoun without recourse particular
sentence context, it is obscure to speak adbearing e.g. the agent role without any
sentence context. Therefore, it makes good sertses amdeed necessary to assume that
case information is part of the lexical entry afaun whereas this is much less clear for
thematic roles. It comes therefore as no surphigean ambiguous noun like a proper
name is fixed immediately with respect to its clagenot with respect to its thematic role.

Replicating a finding already obtained in ExperitngnExperiment 2 found that
active sentences were at a disadvantage in coropagsunambiguous passive sentences
both with respect to percentages of sentencesatlyrjedged as grammatical and

response times needed to judge sentences as griaainince only the unambiguously
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nominative-marked pronoun @fas used in unambiguous active sentences endimay, ith
can be excluded that this disadvantage is causadykind of ambiguity effect. Instead,
as already suggested in the discussion of Expetifinehis disadvantage seems to be
related to the way the experimental sentences,hndiigays contained two arguments, are
derived from active sentences with three argumdihiis. interpretation is strengthened by
the fact that with respect to both percentage®otct responses and with respect to
reaction times, sentences ending in bekatterned with unambiguous passive sentences
and not with sentences ending in.Hatsentences ending with h#te dative argument is
simply omitted. This is possible since the datikguanent of many ditransitive verbs is
optional. However, as pointed out above, sometimesesult of omitting the dative
object might nevertheless lead to reduced accdjpyalbior sentences ending in bekam
hat the situation is different. For both types ofteeces, the subject argument of the
ditransitive verb is suppressed by a lexical-syitagperation, and the resulting two-
argument-sentences are fully acceptable, theréfading to high percentages of correct

responses.

Experiment 3

So far, the evidence for the claim that case imites the processing of certain
syntactic ambiguities stems from the fact thatrtbton of case allows a coherent
explanation for the results of Experiment 1 anddgkpent 2 as well as for the results
found by Bader et al. (1996) for object-object aguiies (cf. the examples in (14)). What
is still missing is a direct demonstration thatecean influence first-pass parsing
decisions. In order to gain direct evidence foregalgaying a vital part in syntactic
processing, we have to reconsider what was saigdeadloout the case system of German.

When introducing the German morphological caseesysit was claimed that structural
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case is the default case for arguments of verbsreds dative case is a non-default case
that must be signalled by morphological means. dlggnction between default and non-
default case has been represented by assumingaitmitial elements that can realise
structural case in general are morphologically vsplecified, whereas an element that
realises dative case is always associated withrahmotogical dative feature. This kind of
representation makes a special prediction thatbeillested in experiment 3.

This prediction derives from experimental resuttsrfd for speech production.
Several experiments have investigated the phenamaira TRACTION ERRORS(cf. Bock
& Miller, 1991; Bock & Cutting, 1992). An exampld such an error is given in (25),
where the verb does not agree with the singulgestiboun. Instead, it incorrectly agrees
with the plural noun inside the PP that modifies slibject noun. In a sense, the subject
has “attracted” the plural feature of the modifymgun, thereby leading to erroneous

plural morphology on the verb.
(25) *The visit of my sisters were great fun.

Attraction errors have been studied by giving sciisjsentence beginnings and asking
them to repeat and immediately complete these haga. One of the most stable results
of these experiments has been that there exisisyanmetry between singular and plural
NPs (cf. Bock & Miller, 1991; Bock & Cutting, 1992%ubject NPs like thewnerof the

house<licit a certain amount of agreement errors wheeggeement errors for NPs of
feature of plural nouns much more often than ploalns attract the number feature of
singular nouns. This asymmetry between singularpdumchl with respect to attraction
errors has been explained by a further asymmetwydas singular and plural, namely the

asymmetry in morphological realisation (cf. Ebethdr993). Whereas singular nouns do
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not bear a morphological marker, plural nouns rhesinorphologically marked for
plurality. In short, singular is the default numlisgecification for a noun whereas plural is
the non-default specification that must be expliaarked.

The relation between abstract feature and morpheabgealisation that holds for the
number system of English is paralleled by the iahethat holds for the case system of
German. With respect to the German case systemcfstal case is the unmarked default
case whereas dative case is a marked, non-deéadt Therefore, if a phenomenon
similar to number attraction errors could be fofmdcase, it is predicted that an item
marked for dative case might have an interferirilggmce whereas an unmarked item
should not. This prediction can be tested by ingathg ambiguous sentences like those
in Experiment 1 and Experiment 2 and adding aixgatiause that modifies the case-
ambiguous proper name, as in the examples giv&binand (27). In (26), the name
Mariais modified by a relative clause with a relativermoun that is unambigously
marked for dative case. (This can be figured aunfiTable 1, because nominative,
accusative, and dative singular relative pronouasdentical to definite determiners). In
contrast, the relative clauses in (27) containative pronoun that can realise both
nominative and accusative case (i.e., structurse aageneral) and bears accusative case

in the particular relative clauses in (27).

(26) a. ..., dall Marimerich gestern begegnet bin, eine Postkarte geddimat.

thatMaria whol yesterdaynet ama postcardsent ‘has

“... thatMaria, who| metyesterdaysenta postcard”

b. ..., dald Mariagerich gestern  begegnet bin, eine Postkartehgggavurde.

thatMaria who!l yesterdaymet ma  postcard sent was

“... thata postcardvassentto Maria, who| metyesterday.”
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(27) a. ..., dald Marimie ich gestern gesehen habe, eine Postkartigkshat.

thatMariawho| yesterdayeen have a postcard sent ‘has

“... thatMaria, who| sawyesterdaysenta postcard”

b. ..., dal3 MariapIE ich gestern gesehen habe, eine Postkarte gksahirde.

thatMariawho| yesterdaygeen havea postcardsent was

“... thata postcardvassentto Maria, who | sawyesterday.”

The syntactic structures corresponding to the autaig NPs modified by a relative
clause are shown in (28a) and (28b), respectivel{28), case is represented in the same
way as introduced above (cf. (16)): Abstract casadicated by small letters,

morphological case by capital letters and additigray circling.

(28) a. /% b. /NE{
I\llFﬁom cP MBm CP

|
N @ N
Maria die Maria der

(28) makes clear the asymmetry between structadhbative case with respect to
morphological realisation. Whereas a relative ptonbearing abstract dative case also
bears a morphological marking for dative caselaive pronoun bearing structural case
lacks any specific morphological marking. If someghanalogous to attraction errors
occurs for case in the constellation shown in (283, predicted that the head noun of the
relative clause might attract dative case but radribe structural cases, since only the
former has a morphological manifestation but netlétiter ones. This means that the NP
starting with_Mariamight sometimes attract dative case if followedlyative relative
pronoun. Whenever this happens, sentences like ihq26) should exhibit a preference
for object followed by subject instead of the uupleferred subject-before-object order

found for such sentences without relative clauski in turn should reduce or even
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reverse the garden-path effect found in the preceekperiments, depending on how
often dative case is erroneously attracted.

For sentences like those in (27), a different $@redictions is derived. Ambiguous
sentences of this kind have already been shownrlhibiea preference for the order
subject before object, which results in a gardeth-péect for passive sentences where
this order is reversed. Since this preference atdgthat the case-ambiguous proper name
is initially assigned nominative case, modifyingstproper name with a relative-clause
headed by a relative-pronoun bearing structurad shsuld have no influence on initial-
parsing decisions. A difference in comparison tateseces without a relative clause can
therefore only be expected for processes of reaisallyor active sentences, such
reanalysis processes are not necessary, and ecedifes between sentences like (27a)
and corresponding active sentences without relatameses are expected. For passive
sentences, reanalysis becomes necessary. Sineadedependent evidence that the ease
of reanalysis is dependent on the length of theigualois region (cf. Frazier & Rayner,
1982; Ferreira & Henderson, 1991), we should exgiettreanalysis is more difficult if
the ambiguous proper name is modified by a relatisase compared to when it is not.

The predictions just developed are summariseddn (2“ means “is easier to
process”, where processing difficulty should béeatd in prolonged reaction times or
reduced percentages of sentences judged as grarama@tiese predictions were tested in

experiment 3.

(29) Disambiguation by hat Maria = Maria,die > Maria, der

Disambiguation by wurde Maria, der > Maria > Maria,die
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Method

Subjects 42 students of the University of Jena particidateexperiment 3. All
subjects were native speakers of German. Theyreitleived course credits or were paid
5 DM for participating.

Materials The material for experiment 3 consisted of 3Gemres with each sentence
appearing in one of six versions according to w factors sentence type (active vs.
passive) and relative clause (without relative staws. relative clause with structural
relative pronoun_(dievs. relative clause with dative relative prondgdar)). A sample
sentence is shown in Table 4. The active and passmtences without relative clause
were taken from the ambiguous condition of Expentrie All masculine proper names in
the original sentences were replaced by feminiopgrnames in order to increase the
discriminability of the relative pronouns (dier structural case, déor dative case). For
the two conditions with relative clauses, relatl@uses were created which were either
headed by a relative pronoun marked for structaaé (di¢ or by a dative-marked
relative pronoun_(dérAll relative clauses were non-restrictive ralatclauses. For a
given sentence, the dative relative clause andtthetural relative clause consisted of an

equal number of words.

Insert Table 4 about here

The experimental sentences were divided into stg Bo that each list contained an
equal number of sentences in each condition, bmar@ than one version of any
sentence appeared in a single list. Each list pgéemental sentences was embedded in a
list of 98 filler sentences. These filler sentencessisted of a variety of sentence types.

Some of the filler sentences came from experimagmtslated to the present experiment.
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The order of presentation of experimental sentemassrandomised individually for each

subject.

ProcedureExperiment 3 used the same procedure as Expdritreamd Experiment 2.

Results

Figure 5 shows the percentages of times subjedtgeflithe sentences to be
grammatical. The factor relative clause was sigaiit in the subject and item analysis
(F1(2,82) = 7.77,p< .01; FZ2,58) = 12.85, < .01). The factor sentence type was also
significant in both analyses (F141) = 8.97, < .01; FZ1,29) = 5.25, < .05), as was the
interaction between relative clause and sentermee (fy{2,82) = 15.16, x .01; FZ2,58)

= 10.79, p< .01).

Insert Figure 5 about here

The specific predictions derived above were tebtedlanned comparisons.
Comparisons between active and passive clauseseshanly one significant difference.
Active sentences containing a dative relative @daeseived significantly less correct
responses than passive sentences with a dativeesttause (56% versus 81%(41 =
4.83, p< .01; 1229) = 3.69, p< .01). Within active and passive clauses, thiewohg
differences were significant. Active sentences \aitlative relative clause were judged as
grammatical less often than active sentences wittitbout a structural relative clause
(56% versus 79%:; {82) = 5.74, p< .01, tZ58) = 7.38, p< .01). Passive sentences
containing a structural relative clause receivaed lsorrect responses than passive

sentences containing no relative clause (77% vé&3us. This difference was not
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significant by subjects and marginal significantiteyns (t182) = 1.36, p> .1; t482) =
1.74, p< .1).

Figure 6 shows reaction times for correct respar@atiers were treated as in the
preceding experiments. This affected less than b#fteodata. The factor relative clause
was not significant (H2,82) = 2.09, p> .1; F42,58) = 1.05, p> .1). The factor sentence
type was marginally significant in the item anadyand not significant in the subject
analysis (F{1,41) = 3.39, < .1; F41,29) = 2.43, p> .1). The interaction between relative
clause and word order was significant in both asedy(F{2,82) = 4.00, < .05; FZ2,58)

= 5.08, p< .01).

Insert Figure 6 about here

Planned comparisons were conducted to test thettgpes summarised in (29).
Active-sentences without a relative clause needssltime to be judged as grammatical
than passive-sentences without a relative claud® s vs. 857 ms), replicating a finding
already found in Experiment 1 and Experiment 2sTdifference was marginally
significant by subjects and not significant by ite(i(41) = 2.00, p< .1; t441) = 1.6, p>
.1). Active sentences with a structural relativeuske also needed less time to be judged as
grammatical than passive sentences with a structledive clause (790 ms vs. 924 ms).
This difference was significant both by subject Ggdtems (t141) = 2.77, p< .01; t241)
= 2.35, p< .05). A reverse effect was found for sentenciis dative relative clause.
Active sentences needed more time than passiversm# (861 ms vs. 790 ms), but this
difference was not significant (d1) = 1.32, p> .1; t441) = 1.33_p> .1).

Considering reaction time differences within actarel passive sentences,

respectively, the following results were obtain€dr active sentences, sentences with a
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structural relative clause did not differ from samtes without a relative clause (790 ms
vs. 765 ms; both t's < 1). The difference betwéesé two types of sentences and
sentences with a dative relative clause was mdtgisignificant by subjects and
significant by items (778ms vs. 861mg(82) = 1.97, < .05;.t482) = 2.45, p< .01). For
passive sentences, sentences with a dative refativeun needed less time than
sentences without a relative clause (790 ms vsn&57a difference that was not
significant in the subject analysis and marginalfnificant in the item analysis (82) =
1.65, p> 1;1482) = 1.67,p< .1). Sentences without a relative clause, in,tneeded less
time than sentences with a structural relativesga@57 ms vs. 924 ms). This difference
was significant by subjects and marginally sigmifitby items (1(82) = 2.06, p< .05;

t2(82) = 1.70, p< .1).

Discussion

The results of experiment 3 confirm the predictidasved above. The most
important finding is the strong drop in the peregyets of correct responses for active
sentences containing a dative relative clause. Sitosvs that the preference for subject
before object that was found in Experiment 1 angefiment 2 can be overwritten by a
preference for object before subject. This waseasdd by modifying a case-ambiguous
proper name with a relative clause in which thatre¢ pronoun bore dative case. As in
attraction errors found in speech production fdyject-verb agreement, the ambiguous
head noun of the relative clause seems to attraatdse feature of the relative pronoun.
Thereby, it becomes marked for dative case ancesahe whole sentence to exhibit the
order dative object in front of subject. This imrtlleads to a rather strong garden-path
effect if the sentence is disambiguated by thegoeduxiliary_hatwhich requires the

word order subject before object. In contrast, pssing the passive auxiliary wurdas
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somewhat facilitated by the introduction of a datrelative clause as shown by the
decrease in reaction times. This is further evidahat these relative clauses lead to an
object-before-subject preference.

For sentences with a relative clause headed bretagve pronoun diea rather
different picture emerges. Since for sentencesowith relative clause it has already been
shown that a clause-initial ambiguous proper napeferentially assigned nominative
case, a relative pronoun marked for a structurse cauld not reverse the usual subject-
object preference. Instead, it could only makerdamnalysis harder that is necessary on
encountering the passive auxiliary wurdée results of experiment 3 provide some
evidence that the garden-path effect found in siHgbject sentences without a relative
clause was indeed strengthened albeit only slightly

The finding of an object-subject preference forterces containing a dative relative
clause provides direct evidence for the involventdértase morphology in the processing
of ambiguous subject-object sentences. Since tlyerelevant grammatical difference
between sentences containing a dative relativeseland sentences containing a structural
relative clause consists in the case of the regironoun, the reversal of the usual
subject-object preference to an object-subjectepeeice must be attributed to the
difference in the case specification on the reéaprvonoun. The claim that case plays an
active role in the processing of subject-object igkies is strengthened further by the
fact that the garden-path effect found for ambigupassive clauses and the one for
ambiguous active clauses under the influence atti@alrelative clause differ strongly in
their magnitude. Whereas the garden-path effecitesdi by passive clauses was reflected
mainly in reaction time data, the garden-path ¢fédicited by active sentences containing
a dative relative clause resulted in a sharp dndpe percentages of sentences judged to

be grammatical. This can be taken as an indicdtiahactive sentences containing a
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dative relative clause elicit a stronger garderngditect than passive sentences,
independently of whether the passive clause can@structural relative clause or not.
This difference in garden-path strength can bestidmack to the same source that was
made responsible for a difference obtained in Brpamt 1. There it was found that
ungrammatical sentences containing a pronoun shatambiguously marked for
structural case (sieleelicited more errors than sentences containingreambiguously
marked dative pronoun (ihr/ihm)yhe case assignment relations obtaining in these

ungrammatical sentences are visualised in (30).

dative
(30) a. *dal sigom geschickt wurde

nominative
b. *daf ihgat geschickt hat
Although ambiguous sentences are globally grammiaticey may exhibit a
temporary ungrammaticality, namely when the pasialcture that is computed on first-
pass analysis is continued with an item that cdlitta the initial analysis. This is the
situation where reanalysis becomes necessarysf@iys this temporary
ungrammaticality for the sentences under investgaSimple proper names or proper
names modified by a structural relative clause(&fa)) are preferentially assigned
nominative case. This leads to a temporary ungrdioalidy if the sentences ends in a
passive verb. Proper names modified by a datiaivel clause (cf. (31b)) are initially
taken as marked for dative case. Hence, they betermaorarily ungrammatical if

completed by an active verb.
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dative

y 3
(31) a. daR Marigyn(, die ...) ... geschickt wurde

nominative

b. dal Mariggt der ... ... geschickt hat

A comparison of (30) and (31) shows a striking graitt (i) The temporary
ungrammaticality exhibited by sentences leading weeak garden-path effect corresponds
to a real, permanent ungrammaticality that leadsfair amount of errors (cf. (30a) and
(31a)). (i) The temporary ungrammaticality exhdoitby sentences leading to a strong
garden-path effect corresponds to a permanent onmgadicality that leads only to a very
small amount of errors (cf. (30b) and (31b)). Ihestwords, a salient ungrammaticality
leads to a strong garden-path effect and a leensahgrammaticality to a weak one.
This relationship follows naturally from the expédion given above for the processing of
ungrammatical sentences (cf. the discussion of) @id can ultimately be traced back to
the different status of structural and dative cakin the case system of German.
Consider first ambiguous and ungrammatical pasdauses. It was assumed above that
after encountering the case-mismatch in (30a)cédxeaccess for the pronoun se
initiated in order to check whether a lexical erdpecified for dative case is available for
sie This lexical reaccess will not succeed fortsig will succeed for the parallel
temporary ungrammaticality in (31a) since the promeme_Mariehas indeed a dative
entry. For (31a) this means that the temporaryamgnaticality will be cured. Since this
will take some extra time, ambiguous sentences(8kea) are processed more slowly than
corresponding unambiguous sentences.

Turning to active clauses, consider first the teajrammaticality in (30b) where an

unambiguously dative marked pronoun receives nammaase. It was assumed above
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that no lexical reaccess is triggered in this situaso that the ungrammaticality of (30b)
is detected immediately. The reason for the absehlexical reaccess was explained by
the marked status of dative case. From the paysaris of view, (31b) looks identical to
(30b) and will therefore be judged as ungrammatmal The fact that, in contrast to the
pronoun_ihrin (30b), the proper name in (31b) is not realyambigously specified for
dative case does not matter for the parser. Whtereas the dative feature on these
words rather than whether this dative feature asrgnatically justified or not. That is, as
soon as Maridas erroneously attracted its dative feature fileemearby relative
pronoun, it becomes indistinguishable for the paireen the truly unambiguous dative
pronoun_ihr The fact that ungrammatical active sentences@vertheless judged as
ungrammatical much more often than ambiguous asgwences containing a dative
relative pronoun must then be due to the fact¢haé attraction does not occur all of the
time. However, if case attraction is really the sdtimd of phenomenon as attraction
errors found for subject-verb agreement in speectiyction, this comes at no surprise.
Indeed, the high percentage of errors found favdadttraction (more than 40%) might be
more surprising because attraction errors in stHgjeect agreement are only in the range
of 5% or less (cf. Bock & Cutting, 1992; Bock & N&if, 1991). This difference might at
least partially be due to a grammatical differe’wile case attraction occurred between
two elements that are in a close syntactic relati@amely a relative pronoun and its head
noun, the elements in agreement attraction ereogs theownerof the houseysare only

loosely related.

General Discussion

This paper investigated a subject-object ambighidy holds between active and

passive sentences like (9) (repeated here).
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(9) a. Jemand hat behauptet, daf3 Uli eine Pastgaschickt hat.

Someondasclaimed thatUli a postcard sent has

“SomeoneclaimedthatUli senta postcard”

b. Jemand hat behauptet, dal’ Uli eine Postigagehickt wurde.

Someonéhasclaimed thatUlia  postcardsent was

“Someoneclaimedthata postcardvassentto Uli”

The major empirical findings of the preceding expents can be summarised as
follows. (i) For ambiguous active and passive atsusf the type illustrated in (9), a clear
subject-before-object preference exists. If thefgnence is contradicted by a passive
auxiliary, a consistent garden-path effect emergbis garden-path effect manifests itself
mainly in prolonged reaction times in the speedaangnaticality judgement task used in
the preceding experiments. (ii) A garden-path ¢ffefound if an initial case assignment
has to be revised but not if an initial assignn@nthematic roles needs to be altered. (iii)
The subject-before-object preference reverses tibgatt-before-subject preference if the
ambiguous proper name is modified by a relativasgaheaded by a dative-marked
relative pronoun.

These findings find a natural explanation by givihg grammatical device of case its
proper place within a model of the human sentemgcegssing mechanism, thereby taking
seriously the phenomenon of case ambiguity. The mgmortant grammatical ingredient
of the explanation given above is an asymmetry detwstructural and lexical case: The
two structural cases nominative and accusativelef@ult cases whereas dative case is a
marked, non-default case. This asymmetry was cagptapresentationally by assuming

that a lexical item bearing dative case must alvisymarked by a morphological feature
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whereas a lexical item bearing structural case Ingglgft underspecified for
morphological case.

With respect to processing, the distinction betweefault and non-default case
figured prominently in several assumptions abowut hase-ambiguous sentences are
processed lexically and syntactically. First, thef@rence for the order subject-before-
object that was found for sentences that do nérdhrase-structurally can be explained
by the Case Preference Principles in (17). Accgrttinthese principles, structural case is
preferred to lexical case and nominative casermigipreferred to accusative case.
Secondly, when the initial subject-object structigreontradicted by a passive auxiliary,
the resulting garden-path effect can be attribtiddxical reaccess triggered by the case-
mismatch between passive verb and the initially mated subject-object structure. Such a
reaccess is necessary because a phrase-markeootdyns positive but no negative
information. That is, it does not contain the imi@tion as to whether a lexical item
bearing nominative case might also be compatiblk dative case. Furthermore, because
nominative case is a default case, the parser t&now whether nominative was
assigned because of an unambiguous morphologic&imgeor because of a default
assignment to a case-ambiguous NP. Therefore,formanative marked NP there is
always a chance that this NP is also compatible datiive case. This is not true for a
dative marked NP. If a case-mismatch arises thvalwes a dative-marked NP, no lexical
reaccess will be triggered because an NP can enlgdrked for dative case by an
unambiguous morphological marker and not by def&lédnce, the morphological
marking already signals that lexical reaccessnatisucceed and is therefore
unnecessary.

By assuming that a nominative-marked NP might &idgxical reaccess, whereas a

dative marked NP will not, two seemingly unrelagegberimental findings received a
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unified explanation. The first finding was a diece between different types of
ungrammatical sentences. The assignment of dadse to a pronoun marked for
nominative case elicited more errors than the agségt of nominative case to an
unambiguously marked dative pronoun. If trying $8ign dative case to a pronoun
marked for nominative case triggers lexical reasctgs kind of ungrammaticality will
take more time than the reverse ungrammaticaltgigament of nominative case to a
dative pronoun where no reaccess is initiated. tbuke time pressures induced by the
speeded grammaticality judgements task, the additittme needed for lexical reaccess
will lead to a certain amount of responses madadbéthe arrival of sufficient
information and therefore to an increased erra.rat

The second finding that receives an explanatioagsyming that a nominative
marked NP triggers lexical reaccess whereas aaedatarked NP does not comes from
experiment 3. There it was found that a case-anobigproper name can erroneously
attract a dative feature from an adjacent datilegive pronoun. This causes the usual
subject-before-object preference to reverse toogectbefore-subject preference. In
contrast to the slight garden-path effect foundpfassive sentences, the garden-path effect
caused by active sentences containing a dativevelgause is rather strong. This
difference in garden-path strength is explainethigynotion of lexical reaccess in the
following way. Due to lexical reaccess, ambiguoasgive clauses will ultimately be
judged as grammatical, albeit with some delay.dfbiguous active sentences that
exhibit a preference for dative object before stihjeo lexical reaccess will be triggered.
Therefore there is no chance to detect that treseisces are indeed grammatical. In
consequence, they will be judged as ungrammatical.

How might the results of the preceding experiméetexplained by alternative

accounts of syntactic ambiguity resolution? Mogtvimus accounts of syntactic ambiguity
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resolution have not paid attention to the phenomearisyntactic and morphological case,
probably because case plays only a minor role gligm the principal language in the
study of the human parsing mechanism. Studies gli§nthat have investigated issues of
case have concentrated on the question as to whethmbiguous information about case
features as found with pronouns is used immediatetyot to resolve phrase-structure
ambiguities (cf. Trueswell, Tanenhaus, & Kello, 39%raxler & Pickering, in press) and
found evidence for an immediate use of morpholdgiaae information. Since these
studies compared case-ambiguous and unambiguouwits the context of a phrase-
structure ambiguity, they do not allow any conabasi as to the role of case-ambiguity as
such, that is, case-ambiguity in the absence afgghstructure ambiguity.

The theory of Babyonyshev & Gibson (1995) is onéhefrare theories that makes
explicit claims about the processing of case, migaar about the processing of dative
case. As shown above, this theory makes the prexditiat active sentences should
produce a garden-path effect but passive sentashoesd not. Experiment 1 and
Experiment 2 have shown that this is a false pteuficit is the passive structure that
gives rise to processing difficulties and not thBve one. The proposal that Babyonyshev
& Gibson (1995) make with respect to dative casenstfrom an investigation of
phenomena of processing overload. The failureisfgloposal when it comes to
processes of syntactic ambiguity resolution mightdken as an indication that dative
case plays completely different roles for proceg$imad and syntactic ambiguity
resolution. However, this conclusion only holdstloe particular parallel framework of
Babyonyshev & Gibson (1995). Under a serial accofithe human parsing mechanism,
as pursued in this paper, the discrepancy betweefindings of Babyonyshev & Gibson
(1995) and our findings find a natural explanatidrich has its root in the particular

status of dative case. Besides its morphologiealist dative case is characterised by a
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relatively tight connection with a particular theimaole, namely the role of recipient
(comparable to the to-R#t ditransitive verbs in English). Although theseno one-to-one
relation between dative case and the thematicofalecipient, this relation is much more
reliable than, say, the relation between nominatag and the thematic role of agent (cf.
Wegener, 1985). Due to its particular status, ariiélPis unambiguously marked for
dative case might incur less processing costsahadP marked for structural case. On
the other hand, an NP that is ambiguous betweeavedatd structural case will be
preferentially analysed as bearing structural t&@sause this analysis presupposes less
specific hypotheses than an analysis of an ambgd#uas bearing dative case. In short,
by assuming a serial parsing mechanism, the dianmpbetween dative case in
phenomena of processing overload and dative casgitactic ambiguity resolution is
only an apparent one, whereas this discrepancgesiaus problem for the parallel
parsing model of Babyonyshev & Gibson (1995).

In concluding we may ask what general implicatithesproposals made in this paper
have for theories of the human parsing mechanisfirsAimplication comes from the
need to invoke non-syntactic, namely morphologicfrmation in order to explain
differences with respect to the strength of obsterden-path effects. Recall that the
difference in garden-path strength found in expent8 between active and passive
sentences did not follow from syntactic differenatme but from the interaction of
syntactic and morphological information, namely diféerent morphological realisation
of nominative and dative case. As far as this exgtian is on the right track, the
experiments reported in this paper add to the grgwibdy of evidence that there are non-
syntactic contributions to garden-path strength.es@ample, both Frazier and Rayner
(1982) and Ferreira & Henderson (1991) found lemgfbcts on garden-path strength.

Ferreira and Henderson (1991) have proposed aamequn for certain length effects that
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resembles the explanation given above, namely éyded to reaccess the mental lexicon.
Clifton (1995) has proposed that thematic informmatmight aid in the recovery of
syntactic misanalysis. Bader (1994, 1996a) has shbat certain garden-path effects
during reading must be explained by recourse teqatig structures that readers assign to
sentences via phonological coding. Taking togetthese findings indicate that there is no
single source for garden-path strength. Insteade#ise with which the human sentence
processing mechanism can recover from a syntadsianalysis seems to depend on the
interplay of several factors (cf. Frazier & Cliftal996). This means that theories which
capitalise on syntactic factors as the main or determinants of garden-path strength
(e.g. Gibson, 1991; Pritchett, 1992; Weinberg, 1288 in need of revision.

A second general implication concerns the way #igtence and strength of garden-
path effects in passive sentences and in activiersess containing a dative relative clause
were explained. The explanation proposed abovgilras equal weight to particular
pieces of grammatical knowledge and to the procetbse use this knowledge. By
invoking the concept of lexical reaccess and assgrtiat lexical reaccess is dependent
on the distinction between structural and lexieae; it became possible to identify the
processes that will occur in sentences where thetate computed on first-pass parsing
turns out to be contradicted by later input matefibereby, several experimental results
received an explanation that goes beyond the nesextion that certain decisions of the
parser are hard to revise whereas others are eagibed. Furthermore, it seems
reasonable to assume that lexical reaccess isaigglee same process as lexical access -
the only difference being that the input to lexiaatess derives from an auditory or visual
representation of an external stimulus whereagiing to lexical reaccess is an internal
representation of a lexical item. As far as ouuag#ions about lexical reaccess and its

role in processing of ambiguous active and passwences are tenable, we can conclude
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that second-pass parsing uses the same procedssspass parsing and that it is not
necessary to postulate new mechanisms solely deditareanalysis (cf. Fodor & Inoue,

1994).
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Footnotes
! German is not only a verb-end language but aigerla-second language (cf.
Vikner, 1995). The latter property means that &nierbs are moved to the second
position in main clauses. In embedded clausesynitrast, all verbs, finite or infinite, are
located in clause-final position. This paper wdhcentrate on the processing of verb-end
sentences. Therefore, all ambiguous clauses winhieedded clauses.

2 For reasons of space, | must leave open theiqneghether these case principles
can be derived from other, more basic principlegdrticular, it might be possible to see
(17b) as an automatic consequence of the MinimairChrinciple. Cf. Bader & Meng
(1997) for discussion.

% Indeed there is a third possibility according tuiat the first NP bears accusative

case and the second NP bears nominative caseaSuade assignment would be

appropriate for certain psych-verbs like begeis{atill with enthusiasmor argern(to

annoy. This third possibility does not affect the fallmg argument.

* The full set of experimental materials for thislahe following experiments are

available from the author.

®> Both raw percentages and percentages transfaawueniding to the arcsin-

procedure described in Kirk (1995) were analyzadceésno differences showed up, | will
only report analyses based on raw percentages.

®  All planned comparisons reported in this papertesed on two-tailed tests.
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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
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Table 2
Sample item from Experiment 1

Ambiguous
Active Alle waren erstaunt  dariber,

All were astonishedbout

dal’ Franz in Minchen ein so gutes Angebot untéebisatte.

thatFranzin Munich a sogoodoffer made _had

“Everyone was surprised that Franz made such a affedin MunicH

Passive Alle waren erstaunt dartiber,

All were astonishe@bout

daR Franz in Minchen ein so gutes Angebot untéebrgurde.

thatFranzin Munich a sogoodoffer made “was

“Everyone was surprised that such a good offermwade to Franz in Muni¢h

Unambiguous
Active Bezuglich Franz waren alle erstaunt dariib

ConcerningFranz were all astonishecbout

daf3 er in Miinchen ein so gutes Angebot unterbriegttté.

thathein Munich a sogoodoffer made _had

“Concerning Franz, everyone was surprised that dadensuch a good offer in Munitch

Passive Bezuglich Franz waren alle erstauntiaeyt

ConcerningFranz were all astonishecbout

daf? ihm in Minchen ein so gutes Angebot untertiretiede.

thathimin Munich a sogoodoffer made _was
“Concerning Franz, everyone was surprised that aupdod offer was made to him in
Munich’

Ungrammatical

Active Bezuglich Franz waren alle erstaunt darfib

ConcerningFranz were all astonishecbout

dal3 er in Mlnchen ein so gutes Angebot unterbnetst

thathein Munich a sogoodoffer made “was
Passive Bezlglich Franz waren alle erstauntodayii

ConcerningFranz were all astonishecbout

daf ihm in Minchen ein so gutes Angebot unterlireéte.

thathimin Munich a sogoodoffer made _had
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Table 3
Sample item from Experiment 2

“Hat”
Ambiguous Am Wochenende wurde erzéhlt,
At weekend was told
dai3 Peter beim letzten Treffen eine gute Stelgboten hat.
thatPeterat last meetinga goodiob offered has
At the weekend it was told that Peter had offergded job at the last meeting

Unambiguous Peter hat am Wochenende erzahlt,

Peterhasat weekend  told

daf er beim letzten Treffen eine gute Stelle aogebhat.
thatheat last meetinca goodjob offered has

At the weekend Peter told that he had offered al golo at the last meeting

“Wurde”
Ambiguous Am Wochenende wurde erzéhlt,
At weekend was told
daf} Peter beim letzten Treffen eine gute Stelieboten wurde.
thatPeterat last meetinga goodiob offered was
At the weekend it was told that a good job had lsftared to Peter at the last

meeting
Unambiguous Peter hat am Wochenende erzéhlt,

Peterhasat weekend  told

daf? ihm beim letzten Treffen eine gute Stelle Bogen wurde.

thathimat last meetinca goodiob offered was

At the weekend Peter told that a good job had loéfened to him at the last meeting

“Bekam”
Ambiguous Am Wochenende wurde erzahlt,
At weekend was told
dal3 Peter beim letzten Treffen eine gute Stekghoten bekam.

thatPeterat last meetinc(a goodjob offered got

At the weekend it was told that Peter had beenedfa good job at the last meeting

Unambiguous Peter hat am Wochenende erzahlt,
Peterhasat weekend  told
dal er beim letzten Treffen eine gute Stelle aogebbekam.
thatheat last meetinca goodjob offered got
At the weekend Peter told that he had been offergolod job at the last meeting
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Table 4
Sample item from experiment 3

Without relative clause
Active Beinahe wére uns entgangen, dal3 Stefanigleichen Abend eine Zusage gegeben hat.

almost wereus missed thatStefanieat same eveninga confirmationgiven has

We almost missed that Stefanie gave a confirmdkiersame evening.
Passive Beinahe ware uns entgangen, dal’ Stefanie am ghefdiend eine Zusage gegeben

wurde.
almost wereus missed thatStefanieat same eveninga confirmatiorgiven was

We almost missed that a confirmation was giventéa®ie the same evening.

Structural relative pronoun (die
Active Beinahe ware uns entgangen, dald Stefarge, tdhmer ziemlich spontan gewesen ist,

almost wereus missed thatStefanie whoalwaysrather spontaneouseen s

am gleichen Abend eine Zusage gegeben hat.
at same eveningaconfirmationgiven has
We almost missed that Stefanie, who has always se@maneous, gave a confirmation the

same evening.

Passive Beinahe wére uns entgangen, dal’ Stefanie, dieneinziemlich spontan gewesen ist,

almost wereus missed thatStefanie whoalwaysrather spontaneouseen s

am gleichen Abend eine Zusage gegeben wurde.

at same eveningaconfirmationgiven was
We almost missed that a confirmation was giventédaie, who has always been spontaneous,

the same evening.

Dative relative pronoun (der
Active Beinahe wére uns entgangen, dal3 Stefanie,igener spontane Sachen gefallen haben,

almost wereus missed thatStefaniewho alwaysspontaneouthings pleasedhave

am gleichen Abend eine Zusage gegeben ha
at same evenincp confirmationgiven has
We almost missed that Stefanie, who has alwaysd Bp®ntaneous things, gave a confirmation

the same evening
Passive Beinahe waére uns entgangen, dal’ Stefanie, dererigspontane Sachen gefallen haben,

almost wereus missed thatStefaniewho alwaysspontaneouthings pleasedave

am gleichen Abend eine Zusage gegebedenu
at same evenincp confirmatiorgiven was
We almost missed that a confirmation was giventéda®ie, who has always liked spontaneous
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things, the same evening




74
Subject-Object-Ambiguities

Figure Captions

Figure 1 Percentages of correct responses in Experiment 1

Figure 2 Reaction times for correct responses of Experirien

Figure 3 Percentages of correct responses in Experiment 2

Figure 4 Reaction times for correct responses of Experirien

Figure 5 Percentages of sentences judged grammaticaperiexent 3

Figure 6 Reaction times for correct responses of experirBen
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