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ABSTRACT

Numerous studies have shown that in head-initial languages such as English,
French, and German, relative clauses with a gap in the subject position (subject-gap
relative clauses) are easier to process than relative clauses with a gap in the object
position (object-gap relative clauses). One memory-based explanation for this subject-
object gap asymmetry has been linear distance: a subject gap is linearly closer to the filler
than an object gap, and thus fewer words need to be processed between the gap and its
filler.

This dissertation investigates the subject-object gap asymmetry in the processing
of relative clauses in Japanese, a head-final language in which a relative clause precedes
its head noun. In Japanese, an object gap is linearly closer than a subject gap to the filler.
Therefore, the linear distance model predicts that object-gap relative clauses should be
easier to process than subject-gap relative clauses. The results of two self-paced reading
experiments showed that native speakers of Japanese found subject-gap relative clauses
easier to process than object-gap relative clauses. At the head noun, this effect was
modulated by the grammatical relation of the head noun. In following regions, however,
the interaction disappeared and a consistent subject gap advantage emerged.

A gap asymmetry was also found in relative clauses with two filler-gap

~ dependencies. This construction involves global structural ambiguity in the dependencies
between gaps and fillers. When semantic/pragmatic information strongly constrained the
plausible thematic roles of fillers, the results of an offline survey and two self-paced
reading experiments revealed a clear subject-object asymmetry: the distant filler was
preferably associated with a subject gap over an object gap. When semantic/pragmatic
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information was weaker, processing became extremely difficult and showed no gap
asymmetry.

These findings are inconsistent with a linear distance account. It is proposed that
the asymmetry is better accounted for by the structural distance between gap and filler: a
subject gap is structurally closer to the filler, and thus it is computationally easier to form
a dependency with. Structural distance as an alternative to account for both Japanese

findings and the role of pragmatic information during processing is discussed.
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CHAPTER 1

INTRODUCTION

Human languages in the world employ a wide range of structures with various
degrees of complexity. Yet, our daily communication proceeds successfully in general,
and it proceeds in an extremely rapid manner. Experimental evidence has shown that a
great deal of processing occurs immediately (within approximately a few hundred
milliseconds from the onset of the stimulus) often before the next word is received (e.g.,
Just & Carpenter 1980, Marslen-Wilson 1973, 1975, Tyler & Marslen-Wilson 1977).
How such rapid and successful communication can be achieved with a complex,
ambiguous input string has been a question for psycholinguists for many years. One of
the goals of psycholinguistic research is to uncover the mental processes that underlie
highly incremental sentence processing.

This dissertation is concerned with one of the most distinctive properties of
human language, long-distance dependency. Such constructions involve two constituents
that are non-adjacent in a sentence but syntactically dependent on each other. In
principle, the two elements can be separated by an unlimited number of words.
Sometimes, one of the elements does not have a phonetic realization (i.e., it is an empty
element), and its presence must be inferred from the surrounding environment. One
particular type of dependency with an empty element is commonly called a filler-gap
dependency, where ‘gap’ refers to the empty element and ‘filler’ refers to the element the

gap is associated with.



Numerous studies have investigated the online processing of filler-gap
dependencies from various perspectives. One of the well-established findings in the
literature is that a dependency involving a subject gap is easier to process than one
involving an object gap. Empirical support has been obtained across different languages
(e.g., English, French, Dutch, German), across various measurements (self-paced reading,
eye-tracking, ERP studies, etc.), across structures (relative clauses, wh-questions, and
cleft sentences) and across different population groups (L1, L2, aphasics, and normal
adults).

Despite seemingly convergent evidence for a preference for a subject gap over an
object gap, there is a research lacuna that waits to be filled. To date, there has been little
evidence for a subject gap preference among the adult native speakers of strictly head-
final languages, such as Japanese and Korean. ‘Filling a gap’ in this area of research is
the main goal of this dissertation.

An investigation of filler-gap dependencies (e.g., relative clauses) has both
empirical and theoretical value. Japanese is a strict head-final language, in which
dependent elements precede their heads. Unlike English, where a relative clause comes
after its head noun, a relative clause (containing a gap) precedes its head noun in
Japanese. Japanese lacks relative pronouns (e.g., who and which in English) which serve
to mark the edge of a relative clause and give a clue about the position of a gap. These
typological differences between English and Japanese raise a question of whether the
processing of filler-gap dependencies in Japanese is fundamentally different from the
processing of the construction in English. Furthermore, a processing-based explanation

that has been widely assumed to account for English findings makes the opposite
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prediction for relative clauses in Japanese. In English, a subject-gap relative clause is
considered to be easier to process because a subject gap is linearly closer to its head noun.
In contrast, in Japanese, a SOV language with a prenominal relative clause, a subject gap
is farther from the head. Therefore, this linear-based distance account predicts that a
subject-gap relative clause is harder to process than an object-gap relative clause in
Japanese. A contrasting view is that the processing difficulty of relative clauses is
determined by the structural distance between gap and filler. According to this account,
subject gap RCs are assumed to be easier crosslinguistically since a subject gap is
structurally higher in the syntactic structure and thus closer to its head noun. Thus,
Japanese offers an important test case to evaluate different models that cannot be teased
apart if we look at only English.

With a subject-object gap asymmetry as the main theme of the study, this
dissertation examines two different types of relative clauses in Japanese. The first type,
which I refer to as single-gap relative clauses, involves a single filler-gap dependency.
As there is little ambiguity in terms of the position of a gap in the relative clause, an
asymmetry between subject-gap and object-gap relative clauses can be tested more or less
straightforwardly. A related issue, the possible influence of the grammatical relation of
the head noun on a gap asymmetry, is also tested in a separate experiment. The second
type of relative clause, which I refer to as double-gap relative clauses, involves two filler-
gap dependencies. The construction is structurally more complex and thus assumed to be
more difficult to process than the first type. It also involves structural ambiguity in that
there is no morphosyntactic cue that indicates the dependencies between gaps and fillers.

thematic role of the head noun within the embedded clause. It is assumed that non-
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structural information, such as the plausibility of the fillers as agent or theme, is the
primary information source that is used to adopt a structural analysis of these ambiguous
sentences. Then, it is of empirical interest whether a subject-object asymmetry appears
under these circumstances, and how manipulating the strength of the pragmatic
plausibility of fillers influences the magnitude of the asymmetry. Investigations of two
different types of relative clauses will thus provide clues about various sorts of questions
addressed in the psycholinguistic literature, such as how a filler-gap dependency is
formed online, what makes the processing of a dependency more difficult, in what
condition the asymmetry emerges, and so forth.

The dissertation is organized as follows. In chapter 2, [ provide a brief summary
of basic properties of Japanese and the syntactic structure of Japanese relative clauses
that is assumed in this study. In chapter 3, I review psycholinguistic studies on filler-gap
dependencies in both English and Japanese. Major issues and findings that are relevant
for the processing of these structures are introduced. I also summarize evidence that
shows that the processing of (strict head-final) Japanese is incremental in a similar
fashion to that of English. Chapter 4 and chapter 5 report on a series of experiments in
which the online processing of Japanese relative clauses was examined. Chapter 4
focuses on single-gap relative clauses, and chapter 5 reports on double-gap relative
clauses. In chapter 6, possible interpretations of these experimental findings are

discussed, and implications for sentence processing models are suggested.



CHAPTER 2

PROPERTIES OF JAPANESE AND RELATIVE CLAUSES

This chapter provides a brief grammatical sketch of Japanese and an outline of
basic assumptions concerning the structure of Japanese relative clauses. The first section
focuses on major typological characteristics of Japanese that contrast with those of
English. The primary aim is to give the reader a basic overview of Japanese relevant to
the more specific descriptions of sentence structures that appear in the forthcoming
chapters. This is therefore not an exhaustive listing of structural notions and assumptions
used in this thesis. Special terminology is presented and illustrated as it is needed in each
chapter.

The second part of this chapter presents basic assumptions about the structure of
Japanese relative clauses. The correct interpretation of a relative clause requires the use
of complex grammatical knowledge, and how to represent such knowledge has been the
focus of many linguistic theories. A number of proposals have been put forward to
describe the internal structure of relative clauses, yet controversy still exists about
specific details of each assumption. For the purpose of the present study and also in
order to avoid unnecessary controversy, a relatively simplified structure is assumed for

Japanese relative clauses.



2.1 Grammatical sketch of Japanese
2.1.1 Word order

The basic word order of a transitive sentence is Subject-Object-Verb (SOV), and
this holds true both in a matrix clause (S, O, and V are underlined) and in an embedded
clause (S, O, and V are italicized).'
(D S N 0 14 0 A

John-ga [Tom-ga Mary-o nagutta | koto-o oboeteita.

John-NoM Tom-NOM Mary-AccC hit thing-acC remembered

‘John remembered that Tom hit Mary.’
As long as a strict verb-final constraint is maintained (i.e., all clauses must end with

verbs), word order in Japanese is relatively free. As examples in (2) and (3) demonstrate,

any order of constituents is possible before the verb.

(2) Basic word order of a ditransitive sentence

John-ga  Mary-ni  hon-o ageta.  [SIO DO V]
John-NOM Mary-DAT book-ACC gave
‘John gave a book to Mary.’

(3)  Alternative (“scrambled”) orders

a. John-ga hon-o Mary-ni ageta. [SDO IO V]
b. Mary-ni John-ga hon-o ageta. [IO SDO V]
c. Hon-o John-ga Mary-ni ageta. [DO S IO V]
d. Mary-ni hon-o John-ga ageta. [IO DO S V]
e. Hon-o Mary-ni John-ga ageta. [DOIO S V]

' I assume that Japanese is a configurational language with a VP node. (See Saito (1985) for a detailed
discussion of this issue and the references therein.)
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2.1.2 Case marking

Grammatical relations of nominal entities are primarily indicated by case markers
(e.g., nominative -ga, genitive -xno, accusative -0, and dative -ni) that are attached to the
end of each noun.
(4) John-ga Mary-no imooto-ni hon-o ageta.

John-NOM Mary-GEN sister-DAT book-ACC gave

‘John gave a book to Mary’s sister.’
As shown in sentence (4), the nominative marks the subject, the accusative marks the
direct object, and the dative marks the indirect object of a verb. However, the
relationship between case relations and grammatical relations is not one-to-one. As
exemplified by sentence (5a), the nominative -ga marks not only the subject of a sentence
but also the direct object of a stative transitive predicate (e.g., like, dislike). In sentence

(5b), the genitive -no marks the subject of a predicate in the relative clause.

(5) a. Nominative-marked direct object

John-ga  nihongo-ga kiraida.
John-NOM Japanese-NOM  dislike
‘John doesn’t like Japanese.’

b. Genitive-marked subject within a relative clause
[John-no katta] hon

John-GEN bought book
‘the book that John bought’

% See Kuno (1973) for more discussion of multiple functions of Japanese case markers.
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In addition to case relations, a set of postpositions (e.g., with, by, to in English) is

used to represent semantic/functional relations among nominals in Japanese.

(6)

213

John-ga  Mary-to  kuruma-de Kobe-ni itta.
John-NOoM Mary-with car-by Kobe-to went
‘John went to Kobe by car with Mary.’ [Kuno 1973:5]

Topic marker

In addition to -ga, -0, and -ni, which mark major grammatical relations in a

sentence, there is another relation that is significant in the Japanese grammar, namely

topic. Any of the major constituents in a sentence (e.g., subject, direct object, PPs, etc.)

can become a topic by being marked with the topic marker -wa and preposed to sentence

initial position.

(7) a.

Topicalization of subject

John-wa Mary-ni sono hon-o ageta.
John-TOP Mary-DAT that book-ACC gave
‘Speaking of John, he gave that book to Mary.’

Topicalization of direct object

Sono hon-wa John-ga Mary-ni ageta.

that book-TOP John-NOM Mary-DAT gave
‘Speaking of that book, John gave it to Mary.’
Topicalization of indirect object’

Mary-(ni)-wa  John-ga sono hon-o ageta.

Mary-(DAT)-TOP John-NoM that book-ACC gave
‘Speaking of Mary, John gave her that book.’

3 The dative marker can be optionally retained after topicalized. Martin (1975) proposed a hierarchy of
particle deletion in Japanese (from hardest to easiest for deletion).

made ‘till’ > kara ‘from’ > to ‘with’ > de ‘by’ > e ‘to’ > ni (dat) > o (acc) > ga (nom)
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In addition, a Japanese sentence can have a topic independent from other major
grammatical relations.
(8) Sakana-wa tai-ga oishii

fish-rop  red snapper-NOM delicious

‘Speaking of fish, red snapper is the most delicious.’ [Kuno 1973:62]
For the above sentence, there is no corresponding topicless sentence. This led Kuno to
claim that a topic of this sort is not derived syntactically but exists as a topic in its
underlying structure. For a sentence to be well-formed, the topic and the rest of the
sentence is said to establish some kind of a semantic/pragmatic relationship, such that

‘what follows the topic is a statement about the topic’ (Kuno 1973:251).

2.14 Argument drop

Japanese is known as a pro-drop language. That is, pronominal arguments of a
verb can be frequently dropped as long as their referents can be recovered or understood
from the context or in the discourse. For instance, either the subject or the direct object,
or even both arguments of the transitive verb ‘bought’ can be expressed as a covert
element, represented as [ e ] in the following examples.
(9)a. John-ga  hon-o katta.

John-NOM book-AcC bought

‘John bought a book.’

b. [e] hon-o katta.
‘[I/You/We/He/She/They| bought a book.’

c. John-ga [e] Kkatta.
‘John bought [it/them].’



d. [e] [e] Kkatta.
‘[I/You/He/She/They] bought [it/them].’

It is also possible to have a covert argument in the subordinate clause, as in (10).

(10) John-ga [[e] hon-o katta-to] Mary-ni itta.
John-NoM book-Acc bought-coMP Mary-DAT said
‘John said to Mary that [he/she] bought a book.’

In this case, the null element is most naturally interpreted to refer to the matrix subject

John. With the right context, however, it can also refer to other referents in the discourse.

2.1.5 Basic properties of relative clauses

Japanese is a strict head-final language, in which modifying elements precede
their heads (modified elements). In the relative clause construction, a relative clause
precedes its head noun.* Among the positions represented in the Noun Phrase
Accessibility Hierarchy (Keenan 1975, Keenan and Comrie 1977), relativization is

possible on all positions except for the object of comparison.’

The sentences in (11)
show some examples of relativization up to the indirect object position on the hierarchy.

(The underline in each example indicates a position (a gap) corresponding to the

relativized element in a relative clause.)

(11) a. Relativization of the subject

[ _ seito-ni hon-o ageta | sensei
student-DAT book-AcC  gave teacher
‘the teacher who gave a book to the student’

* See Kuno (1973) for extensive discussion of some peculiar properties of Japanese relative clauses.
* Noun Phrase Accessibility Hierarchy (Keenan 1975:137, Keenan and Comrie 1977:66).
Subject > Direct Object > Indirect Object > Oblique > Genitive > Object of Comparison
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b. Relativization of the indirect object
[ Sensei-ga _ hon-o ageta ] seito
teacher-NOM book-ACC gave student
‘the student to whom the teacher gave a book’
c. Relativization of the direct object
[ Sensei-ga seito-ni _ageta | hon
teacher-NOM student-DAT  gave book
‘the book which the teacher gave to the student’
There is no relative pronoun in Japanese that is equivalent to English who, whose, whom
or which. The grammatical relation of a gap in a relative clause must be inferred based
on the argument structure of the relative clause predicate and the case marking of overt
nouns present in the relative clause. For instance, we infer the presence of a direct object
gap in (11c¢) from the presence of the triadic verb ageta ‘gave’ and the presence of
nominative-marked subject and dative-marked indirect object.
The morphological form of the verb in the relative clause does not differ from the
verb in the matrix clause.® For example, the verb form ageta ‘gave’ in the RCs above is
identical to the verb form when it appears in a simple declarative sentence as in (2), (3),

(4), and (7). According to Keenan (1985), this constitutes an exceptional case to a

crosslinguistic generalization. He remarked that “in prenominal relative clauses, the verb

% There is one exception to this. The copular has different forms — na in a relative clause and da elsewhere.
i. Mary-ga  suki-na hana
Mary-NOM favorite-COP flower
‘the flower Mary likes’
ii. Mary-ga  hana-ga suki-da.
Mary-NOM flower-NOM favorite-COP
‘Mary likes flowers.’

11



in the relative clause is almost always in some sort of non-finite form, that is different

from the one it would have as the main verb of a simple declarative sentence” (p.160).

2.2 Basic assumptions of relative clauses

There are literally dozens of proposals concerning the nature of the operations and
representations associated with the formation of relative clauses in human language. For
the purposes of this dissertation, I will adopt the following three assumptions, each of

which is widely accepted by linguists working in different theoretical frameworks.

(12)  Assumptions about relative clauses

a. Clause structure includes a subject-object asymmetry, with the subject occurring
higher in syntactic structure than the direct object.

b. Relative clauses contain a gap corresponding to the “relativized element”.
c. The interpretation of that gap involves associating it in some manner with the
head of the relative clause (hereafter, the “filler”).
This leaves us with the following representations for English and Japanese relative
clauses. (I use co-indexing to indicate the relationship between a gap represented by ‘e’

and the corresponding filler.)

(13)  English relative clauses
The man; [s Mary [vp saw ¢; ]]...

(14)  Japanese relative clauses
[s Mary-ga [vp € mita]] dansei;

Mary-NoM saw  man
‘the man that Mary saw’

12



2.3 Conclusion
This chapter outlined basic properties of Japanese that are not shared with better-
known languages, such as English and other European languages. In the processing
literature, these typological characteristics of Japanese are considered to pose a special
challenge to sentence processing models because they can create multiple structural
analyses at a given point in a sentence. For example, as shown in (15), the appearance of
an accusative marker NP at the beginning of a sentence can be analyzed as a simple
sentence with a dropped subject (15b), a sentence with a scrambled accusative-marked
NP in front of the subject (15c¢), a relative clause with a gap in the subject position (15¢),
and so forth.
(15) a. Mary-o ....
Mary-ACC
b. e Mary-o mita.
Mary-ACC saw.
‘I/'you/he/she saw Mary.’
¢. Mary-o  John-ga mita.
Mary-Acc John-NOM saw
‘Mary saw John.’
d. [ei Mary-o mita] dansei;
Mary-ACC saw man
‘the man Mary saw’
This naturally raises a question of how incremental Japanese sentence processing could

be. This is one of the issues that the present study is concerned with, and is reviewed

extensively in the next chapter.
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CHAPTER 3

PROCESSING OF FILLER-GAP DEPENDENCIES

In order to interpret a sentence, listeners/readers need to identify words, assemble
them into a structure, and assign a meaning to it. Sentence comprehension is
characterized as the process of creating a hierarchical mental representation out of the
linearly sequenced input string. In psycholinguistics, ‘parsing’ is used to refer to the
process of structure building and ‘parser’ to the processor that conducts such structural
analyses.

One of the fundamental characteristics of the human parser is that sentence
processing proceeds in a highly incremental manner (Frazier 1987a, Frazier & Rayner
1982, Marslen-Wilson & Tyler 1980, 1981). People do not wait till the end of a sentence
but start constructing a tentative analysis on the input string immediately as they hear or
read each word of a sentence. However, on considering the complexity of human
language and potential ambiguities at a given point in a sentence, providing a full picture
of how incremental processing proceeds online is still an incomplete endeavor.

One set of constructions that has attracted particular attention in the sentence
processing literature is filler-gap dependencies (constructions such as wh-questions,

relative clauses, and cleft sentences). A relevant example is shown in (1).

1) [Which book]; did the student from Germany buy t; at the bookstore?

In Government and Binding theory (Chomsky 1981, 1982), these constructions have been
analyzed as involving a constituent (e.g., which book in (1)) moving to a non-argument
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position and leaving a trace ¢ at its original position. These two elements form a syntactic
dependency, through which the moved element receives a thematic role (by inheriting the
thematic role assigned to the trace) and the role-assigning lexical property of the verb is
satisfied. In psycholinguistics, the terms ‘filler’ and ‘gap’ are used to refer to a moved
constituent and its trace. The online process of dependency formation is considered to be
established when gap and filler are associated with each other (Fodor 1978).

The processing of filler-gap dependencies (e.g., wh-questions, relative clauses,
and cleft sentences) poses a special challenge for sentence processing models. Numerous
issues involving these constructions have yet to be resolved. For example, a filler and a
gap do not appear next to each other and there is no limit to the number of words or
clauses that separate them. An adequate theory of sentence processing needs to be able to
explain how and when the parser recognizes a gap and decides to form a filler-gap
dependency. Further, a gap does not have a phonetic realization in the input string.” This
raises the issue of whether or not the mental representation built by the parser actually
involves these empty elements. There is also a question of whether the parser makes use
of the grammatical constraints that restrict the formation of filler-gap dependencies.

Crosslinguistic investigation of the processing of filler-gap dependencies has also

been an issue. While there has been overwhelming evidence that shows that subject-gap

7 Whether or not those null elements have no phonetic realizations has been an issue from an
acoustic/prosodic point of view.. Cooper and colleagues (cited in Nagel, Shapiro, and Nawy 1994:475)
reported the presence of some acoustic cues reflected in elliptical sentences. Nagel et al. (1994) also found
some acoustic correlates (changes in duration and pitch contour) that are claimed to signal the presence of a
wh-gap. However, the latter study was criticized by Straub, Wilson, McCollum, and Badecker (2001) for
confounding gap position with syntactic phrase structure. They found that when phrase position was
controlled, there was little difference in the measurement of acoustic cues between sentences with and
without gaps.
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relative clauses are easier to process than object-gap relative clauses in English (and
some European languages), very few studies have investigated the issue in head-final
languages such as Japanese and Korean. If we assume that the basic processing
mechanism is the same across languages, a theory of sentence processing developed on
English data must be tested against a variety of typologically different languages.

The purpose of this chapter is to review major findings and issues relevant for the
processing of filler-gap dependencies. First, I will provide a summary of the studies that
have investigated the psychological reality of empty categories. Second, I will outline
major findings as well as parsing principles that have been proposed to account for those
findings in the studies of filler-gap dependencies in English (and some European
languages). Third, I will review three main proposals that have been put forward to
account for the subject-gap advantage in the processing of English relative clauses.
Fourth, a section will describe Japanese sentence processing. I will summarize evidence
that indicates sentence processing in Japanese proceeds in a highly incremental fashion
similar to English. A summary of the previous studies that have examined filler-gap

dependencies in Japanese will conclude this chapter.

3.1 Processing of filler-gap dependencies in head-initial languages
3.1.1 Psychological reality of empty categories

The presence of phonetically null elements in the structural representation of a
sentence has been postulated by a number of syntactic theories. In Government and

Binding Theory (Chomsky 1981), those null elements, called empty categories (ECs),
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play a central role in various syntactic phenomena. (See Chomsky 1981, 1982 for types
of ECs and their characteristics.)

Although ECs are syntactically active, their phonetic emptiness poses a problem
in online sentence processing. Extensive work has been conducted to investigate the
psychological reality of ECs, i.e., whether or not online sentence processing computes
phonetically null elements.

One of the major techniques used to investigate this issue is ‘priming’. The basic
assumption underlying this technique is that a response to a word is faster when a word is
presented the second time than the first time. Meyer and Schvaneveldt (1971, cited in
Tanenhaus, Carlson, & Seidenberg 1985:369) demonstrated that semantically or
associatively related words also facilitate recognition (e.g., doctor-nurse, rat-cheese).
When this is observed, one word is said to ‘prime’ the recognition of the second word.

This method has originally been used in sentence processing studies to examine
whether referentially dependent NPs, such as pronouns and anaphors, prime the
recognition of their grammatically possible antecedents. For example, Nicol (1988)
tested the following sentences using a cross-modal paradigm.®
(2)  The boxer told the skier that the doctor for the team .... [Nicol 1988:109-10]

a. would blame himself # for the recent injury.
b. would blame him # for the recent injury.

She found that a priming effect was observed only for the grammatically legitimate

8 In this task, a participant listens to a sentence auditorily presented at a normal speaking rate, and at some
point during the sentence (# in above examples), s/he makes a word/nonword decision about a visually
presented target word on a screen.
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antecedents. That is, the response time to a semantic associate was faster only for doctor
in (2a), while it was faster for both boxer and skier in (2b). The results were interpreted
to indicate that antecedents are reactivated at the pronoun or anaphor positions. (See
Bever & McElree 1988, Swinney, Ford, & Bresnan 1989 for replication of pronoun
reactivation.)

Assuming parallelism between pronouns/anaphors and ECs (both of which are
referentially dependent on their antecedents), the priming technique has been applied to
ECs to show that ECs elicit behavioral effects analogous to those of overt anaphors.
Using a cross-modal task, Swinney, Ford, Frauenfelder, and Bresnan (1988, cited in
Nicol 1988 and Nicol & Swinney 1989) tested a sentence such as in (3).

3) The policeman saw the boy; that the crowd at the party #1 accused t; #2 of the #3
crime.
This is a relative clause construction, in which the head noun, the boy, is associated with
a gap located after accused. The results of an experiment showed that the response time
to boy was faster than its control words, and this was observed at #2 (the presumed trace
position) and #3, but not at #1.° Neither policeman nor crowd elicited the effect. The
authors concluded that a phonetically null element reactivates its structurally correct
antecedent. Note that the absence of the priming effect at #1, a position prior to the trace,
suggests that the priming effect at #2 and #3 was not merely due to the residual activation

of the target word, but the ‘reactivation’ of the antecedent at the trace site. (See Balogh,

® More precisely, #3 is 300msec after #2 (i.e., 1.5 syllables after #2).
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Zurif, Prather, Swinney, & Finkel 1998 for English relative clauses, Bever & McElree
1988 for a review of other previous studies on wh-traces, Clahsen and Featherston 1999
for scrambled sentences in German, Miyamoto and Takahashi 2002b for Japanese
scrambled sentences, Nakano, Felser, and Clahsen 2002 for long-distance scrambling in
Japanese, Tanenhaus, Carlson, & Seidenberg 1985 for English relative clauses.)

In contrast to the robust facilitation effect found for wh-traces (an EC involved in
relative clauses and scrambled sentences), the results for other ECs (NP-traces and PRO)
seemed much weaker and less consistent. For example, McElree and Bever (1989) used
visual probe recognition with phrase-by-phrase self-paced reading to test a priming effect
for NP-trace (in raising, tough-movement, and passive sentences) and PRO (in control
sentences).'’ A probe word was presented at two different locations — the first point at
which the presence of a gap is recognized (early probe) and the end of a sentence (late
probe). One major finding was that neither NP-trace nor PRO elicited priming at the
early probe. Priming appeared only at the late probe point. In addition, the activation
level of PRO was much weaker than for NP-traces. The authors concluded that ECs are
psychologically real: their antecedents were accessed during comprehension. However,
their activation was not immediate, but rather delayed. In addition, pure movement traces
(NP-traces) access antecedents more strongly than PRO, which is assumed to be base-
generated at the subject of infinitival clause. (See Bever & McElree 1988, Bever & Sanz

1997 for the Spanish unaccusative constructions, MacDonald 1989 for passive sentences).

1% In this task, participants read a sentence on a computer one word at a time. At a position unknown to the
patticipants, a probe word (an adjective taken from the filler NP) appears, and the participants were asked
to judge as quickly as possible whether or not the probe word appeared in the sentence they had just read.
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As visual probe recognition is one of the most commonly used techniques, it is
important to mention some methodological problems involving this task. Balogh et al.
(1998:169) argued that priming at the end of sentences may not reflect real syntactic gap-
filling but rather a non-syntactic “wrap-up effect”, a type of more discourse-linked
processing for the purpose of integration of all stored information. Osterhout and
Swinney (1993:276) also remarked that the visual probe recognition task requires an
“explicit check of memory prior to a response” and is not necessarily sensitive to
antecedent activation. Due to these confounds and the possibility of tapping a different
aspect of processing, the results obtained from visual recognition tasks need to be
interpreted with some caution, especially when the priming effect was found only at the
ends of sentences. Interestingly, however, even using a cross modal paradigm, which is
considered to be less intrusive on normal comprehension, Osterhout and Swinney (1993)
found a delayed reactivation of NP-traces (in passive sentences).'' This suggests that
NP-traces and PROs may behave somewhat differently from wh-traces during processing.
(See Nicol 1988 for delayed reactivation of PRO using cross modal priming.)

To summarize, a substantial body of evidence shows some psychological validity
for wh-traces in language comprehension. Wh-traces trigger immediate reactivation of
their structurally correct antecedents at a presumed gap position. The finding has been

obtained from various measurements — probe recognition (Miyamoto & Takahashi

I The cross-modal priming method is not free from problems, either. For example, McKoon and Ratcliff
(1994) argued that participants respond faster to related probes because they are a good fit (semanticaily,
pragmatically, and syntactically) in the sentence not necessarily because the antecedent is reactivated. (See
McKoon, Ratcliff, & Ward (1994), but see also Love and Swinney (1996) and Nicol, Fodor, & Swinney
(1994) for their counter-arguments and results.)
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2000a), cross modal priming (Swinney et al. 1988, cited in Nicol 1988, Nicol & Swinney
1989), self-paced reading experiment (Gibson & Warren 1998, cited in Miyamoto &
Takahashi 2002b), and ERP studies (Garnsey, Tanenhaus, & Chapman 1989).

There is some evidence that NP-trace and PRO access their antecedents during
comprehension. However, they differ from wh-traces in terms of the timing and the
magnitude of effect. Most studies observed delayed antecedent reactivation for these
categories.”* In particular, the effect of PRO (if there is any) is always delayed and
weaker than that of NP-trace. Furthermore, as Nicol (1988) reported, when there are
multiple antecedents for a PRO, all available antecedents seem to be reactivated, starting
with the activation of the most recent filler followed by the activation of more distant
fillers. She argued that an antecedent search process for PRO proceeds in a backward
fashion, i.e., from right to left (p.39)."

These behavioral differences among ECs have been suggested to reflect linguistic
differences among those categories. For example, in the case of a wh-trace, its
antecedent at the clause initial, non-argument position is salient enough for the parser to
recognize and initiate an explicit gap search. In contrast, the relations between NP-
trace/PRO and their antecedents are more local and the recognition of an antecedent tends

to be delayed, probably taking place at the gap site (Featherston 2001, cf. Nicol 1988).

12 Featherston, Gross, Miinte, & Clahsen (2000) reported that an ERP study on German PRO (in control
constructions) and NP-trace (in raising constructions) elicited the P600 effect (an indicator of costly
processing) at the region immediately after a gap. But NP-traces elicited stronger amplitude than PRO.

B She argued that unlike wh-traces whose antecedents can be uniquely identified based on structural
information, the antecedent search for PRO is to a large extent unpredictable. It relies on lexically specific
information (verb control information) and in many cases requires incorporation of higher level (pragmatic)
knowledge. (See her dissertation for detailed discussion.)
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(See Featherston 2001, Nicol 1988, Nicol & Swinney 1989 for further discussion of

differences among ECs.)

3.1.2 Constraints on filler-gap dependencies

The previous section showed that gaps (wh-traces) trigger immediate reactivation
of their antecedents and the effect can be observed in various online measurements.
Assuming that the parser builds a mental representation that is consistent with
specifications that grammatical theories assume for human languages (Berwick &
Weinberg 1984), it is of empirical and theoretical interest whether or not the parser has
immediate access to grammatical constraints involving ECs. Psycholinguistic evidence
on this issue seems to suggest that people do make immediate use of such grammatical
knowledge in predicting the possible locations of gaps.

By using a self-paced word-by-word reading task, Stowe (1986) tested whether
the parser postulates a gap in a so-called ‘subject island’ from which a movement is

prohibited. Sentence (4) illustrates the island effect (Stowe 1986:239).

4) Wh-word extracted from the subject NP

*Who did [sunp the story about ] annoy her boy friend?

She hypothesized that if online parsing is informed by the island constraint, the parser

would not attempt to postulate a gap in an island. Take the sentences in (5), for example.

(5) a. The teacher asked what; [suunp the silly story about Greg’s older brother] was
supposed to mean t;.
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b. The teacher asked what; the team [vp laughed [pp about Greg’s older brother

fumbling t]].
If the constraint is used immediately, there will be no processing increase when
encountering the overt NP Greg’s in (5a) since it is not a possible gap position. On the
other hand, there will be a detectable increase when encountering the overt NP Greg’s in
(5b) since nothing prohibits the occurrence of a gap. In such a case, there is a preference
for the parser to postulate a gap at the first possible position (‘the first-resort strategy’ of
gap-filling, Fodor 1978:435). These predictions were supported. There was a
significantly increased reading time at the overt NP in sentence (5b), while no such
difficulty was detected at the equivalent region in sentence such as (5a). Stowe suggests
that the syntactic constraint is used rapidly during processing. The parser makes a
prediction about whether or not a gap should be posited. It appears that the development
of a gap expectation is heavily dependent on syntactic constraints (Stowe 1986:244).
(See Bourdages 1992, McElree and Griffith 1998 for comparable findings on relative
clause islands, De Vincenzi 1996 on the Empty Category Principle.)™*

Recent studies using event-related brain potentials have provided more direct

evidence for the time course of unconscious signals in response to various aspects of

" McElree and Griffith (1998) measured the time for the reader to assess the acceptability of structures
with anomalous filler-gap dependencies (speed-accuracy trade-off procedures). Test sentences had three
types of violations as follows (p.435):

i.  Subcategorization violation: *It was the essay that the writer knew the editor had gloated.

ii. Thematic role violation: *It was the essay that the writer knew the editor had amazed.

iii. Island violation: - *It was the essay; that the writer scolded the editor [who admired t;].
Violations of configurational (island) constraints were the earliest to be detected, followed by
subcategorization and thematic role violations, in that order. The authors suggest that filler-gap
assignments are determined by processes that appeal first to general syntactic information and only later to
specific lexical information.
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syntactic processes during processing (See Osterhout and Holcomb 1995 for an
overview). McKinnon and Osterhout (1996) found “a large, widely distributed positive-
going wave” elicited from sentences with two types of syntactic violations involving gaps
— Subjacency and Empty Category Principle violations (p.504)."” This ERP response was
similar to the P600 effect, an index of the cost of syntactic integration, previously
observed with various syntactic anomalies, but quite distinct from the effect observed in
sentences with semantic anomalies. Furthermore, the brain response to those anomalies
was remarkably rapid, lagging only 250-300 msec following the onset of the critical word
that first indicates a violation (e.g., a wh-word introducing an island). McKinnon and
Osterhout suggest that “information about movement constraints is available at very early
stages of processing” (p.514). (See also Kluender and Kutas 1993a,b, Traxler &
Pickering 1996, cf. Neville, Nicol, Barss, Forster, & Garrett 1991.)

In sum, psycholinguistic evidence suggests that the parser seems to recognize a
gap during processing and obeys the global syntactic constraints that restrict the
occurrence of gaps. Note that, however, this does not mean that there is no evidence for
seemingly delayed use of gap-filling constraints. For example, Clifton and Frazier (1989)
used a speeded grammaticality judgment task to investigate whether readers are garden-

pathed by the possible gap within a complex NP island.'® They found that sentences with

15 Examples of syntactic violations used in the study (McKinnon and Osterhout 1996:500, 509)
i. Subjacency violation: *I wonder which of his staff members; the candidate was annoyed [when his
son was questioned by _].
ii. ECP violation: *The man; seems that it is likely _; to win.
'® In this task, the participant was asked to judge the acceptability of a sentence after reading the sentence at
the rate of 350 msec per item. Sample sentences are:
i. Doubtful gap within an island: ~ What did John think the girl [who always won (* )] received ?
ii. No doubtful gap within an island: What did John think the girl [who always excelled] received ?
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a doubtful gap within an island were judged 43 msec more slowly than sentences without
such a gap. A similar pattern was also found for error rate: more error was found in the
former condition than in the latter. However, as Clifton and Frazier admitted, the
difference was marginal and the results from an end-of-sentence judgment task may not
provide strong evidence, compared to other measurements such as local reading times
and ERP responses. (See also Freedman & Forster 1985 for similar findings from a
sentence matching task.) Given the types of evidence that we have obtained thus far,
therefore, it is possible to conclude that the parser respects global syntactic constraints in
the online processing of filler-gap dependencies.

These are important findings from a processing point of view. They show that
grammatical knowledge not only guides the incremental association of words into the
structure currently being built (e.g., linking a gap to a previously encountered filler) but
also influences the parser’s expectations. The parser uses it to determine where to look
for a gap. Furthermore, these processes take place immediately, as evidenced by the

presence/absence of the surprise effect when an overt NP is found instead of a gap.

3.1.3 Formation of filler-gap dependencies

The previous sections showed that online sentence processing involves gap
postulation. It also showed that the prediction of gaps is informed by syntactic
constraints. However, this does not tell us exactly how a gap is found and associated
with its appropriate filler. Recall that a gap is phonetically empty and there could be an

unlimited number of constituents intervening between a filler and a gap.
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Frazier (1987b:548fn) proposed that the parser follows a principle — the active

filler strategy — in the processing of filler-gap dependencies. -

(6) Active filler strategy (Frazier 1987b, Frazier and Flores d’ Arcais 1989:332)"
Assign an identified filler as soon as possible; i.e., rank the option of a gap above
the option of a lexical noun phrase within the domain of an identified filler.

That is, once a ‘moved’ phrase is identified in a non-argument position, the parser

immediately assumes the presence of a filler-gap dependency. It uses the syntactic

category of the filler to identify a possible gap, and the filler is assigned to “the first

possible position in a syntactic phrase marker” (Frazier and Flores d’ Arcais 1989:332)."

Apparently, since the subject of a clause is the first possible position for a gap to be able

to appear in cases such as English wh-questions and relative clauses, there is always a

subject-bias in those structures.

One piece of evidence for the active filler strategy has been found in Dutch,
which exhibits a verb-final constituent order in embedded clauses. Relative clauses
(RCs) in Dutch can be globally ambiguous as in sentence (7), taken from Frazier
(1987b:545).

@) Ik schreef aan de vriend die mijn tante heeft  bezocht
I wrote to the friend who my aunt have(sg) visited

Subject-gap RC reading: ‘I wrote to the friend who has visited my aunt.’
Object-gap RC reading: ‘I wrote to the friend who my aunt has visited.’

7 See also Clifton & Frazier 1989, Crain & Fodor 1985, Frazier & Clifton 1989, and Stowe 1986.
'® The authors imply that other type of information, such as animacy, could also be used to identify a gap
(p-332).
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In Dutch, the verb agrees with the subject in number. However, in sentence (7) where
both the head noun (‘the friend’) and the NP in the RC (‘my aunt’) are singular, the
number marking of the verb cannot help specify the grammatical role of the NPs. Even
when the NPs differ in their number markings, RCs are ambiguous until the clause final
auxiliary (in bold in (8)) is encountered. The same fragment can continue as a subject-

gap RC as in (8a) or as an object-gap RC as in (8b).

(8)a. Subject-gap RC [Frazier (1987b:545-6)]

De vriend die [e mijn tantes heeft bezocht].

the friend who my aunts have(sg) visited

‘the friend who has visited my aunts’

b. Object-gap RC

De vriend die [mijn tantes ¢ hebben bezocht]

the friend who my aunts  have(pl) visited

‘the friend who my aunts have visited’

Frazier (1987b) examined whether there is any preference in processing sentences
like (7) and (8). The results of a frame-by-frame reading experiment with end-of-
sentence comprehension questions showed that the subject-gap reading was chosen 74%
of the time for ambiguous sentences as in (7). As for temporarily ambiguous sentences
(8), response accuracy to comprehension questions showed an advantage for subject-gap
RCs. Readers misinterpreted the head noun of object-gap RCs as the subject of the

embedded predicate 31% of the time, while the corresponding error rate for subject-gap

RCs was only 3.7%." Overall, a strong preference for subject-gap RCs was observed.

' The reading times for object-gap RCs were numerically longer than those for subject-gap RCs, but the
difference was not statistically significant.
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These results are consistent with an active filler strategy which treats the subject as the
earliest grammatically permissible position in a sentence with the parser predisposed to
form a filler-gap dependency. (See also Frazier and Flores d’Arcais 1989 for the subject
advantage in declarative and question sentences in Dutch.)

One implication of this heuristic principle (the active filler strategy) is that the
parser does not expect to see an overt lexical phrase at the earliest possible gap position.
It follows that the presence of an overt lexical phrase at that position will lead to some
observable processing cost, called ‘the filled-gap effect’ (Crain and Fodor 1985). Stowe
(1986) tested this prediction in a self-paced reading experiment. She compared the

following pair of sentences (p.234).

(9) a. My brother wanted to know if Ruth will bring us home to Mom at Christmas.

b. My brother wanted to know who Ruth will bring us home to _ at Christmas.

The reading time for us in sentence (9b) was significantly slower than for us in sentence
(9a). This suggests that when a filler who is identified, the parser initially attempts to
assign the filler to the direct object of the matrix verb (and thus expecting to see a gap
there). When a lexical NP is found, the parser has to change its initial assignment and

reanalyze the lexical phrase us as the direct object of bring, resulting in a processing
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difficulty. (See also Crain and Fodor 1985, Frazier and Clifton 1989, Swinney et al. 1989
for similar findings.)*’

Frazier and Clifton (1989) tested whether the Active filler strategy remains
operative across a clause boundary. They compared the following sentences in a self-

paced reading experiment (p.97).

(10) a. Who did the housekeeper say [she urged the guests to consider ]?

b. The housekeeper said [she urged the guests to consider the new chef.]

The filled-gap effect (i.e., the processing increase due to the parser’s initial attempt to
posit a gap, which must be corrected upon the presence of an overt lexical item) was
observed even when the potential gap position was not in the same clause as the
identified filler. Note that the presence of the filler who in sentence (10a) triggers an

expectation of a gap, while there is no such expectation formed in a sentence without a

 Interestingly, Stowe (1986) did not find any processing difficulty for an overt lexical phrase in subject
position. The reading time of Rurh following a wh-filler as in (ii) did not differ from Ruth following if as in
(i). i. My brother wanted to know if Ruth will bring....

ii. My brother wanted to know who Ruth will bring....
According to the active filler hypothesis, the subject should be the first position to which a filler can be
assigned (Frazier and Flores d’Arcais 1989:332). However, contrary to this prediction, the subjects in
Stowe’s study did not seem to expect to find a gap in the subject position. Alternatively they may have
attempted to create a gap in the subject position, but upon the presence of an overt lexical phrase, they
recovered from the initial analysis without difficulty. Stowe (1986:238) suggested that one possibility is
that a gap-search process may be initiated after processing the subject; people start looking for a gap after
the subject position is found to be filled. Another possibility is that reanalysis of the subject is much easier
than of the object since a thematic role has not been assigned to the subject yet, and therefore, only a
syntactic expectation needs to be corrected. In the case of object reanalysis, both the syntactic expectation
and the semantic content must be corrected. Presumably, correcting the semantic interpretation is more
difficult than correcting the syntactic expectation. (See also Clifton & Frazier 1989, Gibson & Hickok
1993:152, Gibson, Hickok, & Schulze 1994 for other explanations.) According to Gibson and Hickok
(1993:152) and Gibson et al. (1994:392-3), a subject is fully licensed only after its role-assigning verb
appears. Therefore, whether a gap or a lexical phrase is posited at the relative pronoun who, the processing
cost associated with its unsatisfied theta-role requirement will be the same.
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filler (as in (10b)). The reading time for the guests was longer in sentence (10a) than in
sentence (10b). The results suggest that the identified filler remained active even after the
clause boundary was crossed and the parser did not overlook the potential gap position.
Frazier and Clifton (1989) also found that the magnitude of the filled-gap effect
was much greater when the potential gap position was in an embedded clause than in a
simple matrix clause. One possible explanation was that filler-gap dependencies across
clause boundaries are structurally more complex than those without a clause boundary, as

illustrated in (11).

(11) a. Whifh book; did the student buy ti at the bookstore?

b. Which book; did the student believe [ t; Mary bought t; at the bookstore]?
| | | |

In sentence (11a), where the filler-gap dependency is formed within a single clause, there
is only one ‘chain’.?' On the other hand, sentence (11b), with the filler associated with a
gap in an embedded clause, has two chains mediated by the gap in the COMP of an
embedded clause. By incorporating the notion of ‘chain’ to the active-filler strategy, De
Vincenzi (1989, reported in Clifton & De Vincenzi 1990) proposed the minimal chain

principle (p.277).

(12)  Minimal Chain Principle

Avoid postulating unnecessary chain members at S-structure, but do not delay
required chain members.

2 A chain is a set of co-indexed elements, bearing one and only one theta-role and one and only one case,
where each element in the chain c-commands the next (Clifton and De Vincenzi 1990:276).
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The principle says that the parser prefers not to posit chains. But if it is forced to posit a
chain, such as when it identifies a filler, it attempts to terminate the chain as quickly as
possible (p.282).2

To sum up, the identification of a gap and the formation of a dependency with its
filler proceeds in an efficient manner informed by structural considerations. The
syntactic category of an identified filler is used to identify possible gap positions, and a
gap is postulated at the earliest grammatically permissible position in a structure (e.g.,
Clifton and Frazier 1989, Crain and Fodor 1985, Frazier 1987b, Frazier and Clifton 1989,
Frazier and Flores d’ Arcais 1989, Stowe 1986). Forming a filler-gap chain is costly
since it is structurally more complex, and thus requires more processing time and effort.
Therefore, there is a strong preference to end the chain as soon as possible (De Vincenzi
(1989, reported in Clifton & De Vincenzi 1990). When an overt lexical phrase appears at
the position where a gap is expected, the parser is surprised, resulting in a longer reading
time at that position, known as the filled-gap effect (Crain and Fodor 1985, Stowe 1986,

among others).

2 De Vincenzi examined Italian sentences with null subject structure and those with inverted subject
structure.

i. Null subject structure: pro Aux VNP ...

ii. Inverted subject structure: ti AuxV NP; ...
A postverbal NP in Italian is temporarily ambiguous. It can be interpreted as the direct object of the verb
with a null subject pro as in (i), or it can be interpreted as the subject which is moved to the postverbal
position as in (ii). The results of a self-paced reading experiment showed that the reading time of the
disambiguating region following the postverbal NP was slower in (ii) than in (i). This suggests that readers
initially analyze the sentence as (i) rather than (ii), which is predicted by the minimal chain principle. The
inverted subject analysis is more difficult since it involves a chain, while null subject sentence does not.
(See De Vincenzi 1991 for additional evidence for the minimal chain principle in Italian.)
3 The kind of lexical information that is used in the formation of filler-gap dependencies has been an issue.
See Clifton and De Vincenzi 1990, Clifton and Frazier 1986, Crain and Fodor 19835, Frazier, Clifton, &
Randall 1983, Tanenhaus, Boland, Garnsey, & Carlson 1989, and references therein.
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Before closing this section, it should be noted that there is a view that the
processing phenomena reported in the study of filler-gap dependencies can be accounted
for without appealing to the notion of empty categories. Adopting a version of trace-free
Categorial Grammars (Ades & Steedman 1982, Pickering & Barry 1993), Pickering and
Barry (1991) challenged the traditional filler-gap account (e.g., Fodor 1978) by arguing
that the materials used in previous studies have confounds (e.g., Crain & Fodor 1985,
Stowe 1986, Swinney et al. 1988, reported in Swinney et al. 1989). In those studies, the
position of a gap was adjacent to the subcategorizer (e.g., a verb), and therefore could not
distinguish the filler-gap association from the filler-subcategorizer association. For
example, in an eye tracking experiment in which an implausible sentence such as (13a)
was compared with (13b), Traxler and Pickering (1996) found that processing difficulty
occurred immediately after the verb shot in (13a) but not in (13b). There was no
equivalent difference at the purported gap positions in both sentences.

(13) a. That’s [the garage]; with which the heartless killer shot the hapless man t;
yesterday afternoon.
b. That’s [the garage]; in which the heartless killer shot the hapless man t;

yesterday afternoon.

The results were taken as evidence for the direct integration of a filler at the verb,
consistent with the “immediate association” model.

However, Gibson and Hickok (1993) criticized Pickering and Barry’s (1991)
‘immediate association” account. They argued that the evidence presented by Pickering

and Barry can still be accounted for by a parsing model which posits gaps. According to
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Gibson and Hickok, a gap can be posited as soon as an appropriate subcategorizer
licenses a position (by assigning a thematic role) for that filler, whether or not the lexical
items intervening between the verb and the gap are filled (p.150).%* For sentence (13b),
repeated as (14), for instance, the parser assumes a gap ¢ as soon as it encounters the verb

shot even before the intervening hypothesized NP [np # | appears.
(14)  That’s [the garage]; in which the heartless killer shot [xp 2] ti .....

As Gibson’s (1991) complexity theory can fully account for the findings provided by
Pickering and Barry, Gibson and Hickok (1993) concluded that the empirical data is fully
compatible with accounts that assume the presence of gaps in the mental representation.
(See Gorrell 1993, Miyamoto & Takahashi 2002b, Featherston 2001, for more discussion

and counter-evidence to the immediate association model.)

3.1.4 Subject-object asymmetry

A finding that has been consistently reported in the processing of filler-gap
dependencies in English is that relative clauses with gaps in the subject position
(hereafter subject-gap RCs) are easier to process than relative clauses with gaps in the
object position (object-gap RCs) (Baird & Koslick 1974, Ford 1983, Gordon, Hendrick,
Johnson 2001, Hakes, Evans & Brannon 1976, Holmes 1973, King & Just 1991, King &

Kutas 1995a,b, Kluender & Kutas 1993a, Kutas 1997, Traxler, Morris, & Seely 2002,

# 1t is assumed that a verb’s argument structures are projected immediately upon encountering the verb. If
the category of a filler (e.g., wh-word) matches category of the right most edge of the VP, a gap is
postulated at that (right most) position without blocking the attachment of the element to the left of the gap
to the verb.
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Wanner & Maratsos 1978). Similar findings have been reported for French (Frauenfelder,
Segui, & Mehler 1980, Holmes & O’Regan 1981), for Dutch (Frazier 1987b, Mak, Vonk,
& Schriefers 2002), and for German (Mecklinger, Schriefers, Steinhauer, & Friederici
1995, Schriefers, Friederici, & Kiithn 1995).

Different proposals have been put forward to account for these findings. One of
them is a structure-based account, the active filler strategy (Clifton and Frazier 1989,
Frazier and Clifton 1989, Frazier 1987b, Frazier and Flores d’ Arcais 1989, Stowe 1986).
As described earlier, it assumes that when the parser identifies a filler, it attempts to

assign the filler to the earliest possible position in a structure.

(15)  The student who .....

For example, when the parser reads a fragment like (15), it recognizes that a gap is
needed so that the filler who is associated with it. Since the subject of an embedded
clause is the earliest position where a gap can occur, the parser attempts to postulate a

gap there as in (16a).

(16) a. Subject-gap RC: The student who e saw John ....

b. Object-gap RC: The student who John saw e.....

When the fragment turns out to be a subject-gap RC as in (16a), processing proceeds
without any difficulty. On the other hand, when the fragment continues like (16b), the
initial attempt to insert a gap in the subject position must be corrected due to the presence

of an overt lexical phrase John. This leads to a reanalysis, which incurs processing cost.
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In short, under this analysis, the processing advantage of a subject-gap RC is a
consequence of applying a structure-based heuristic strategy and its successful outcome
(i.e., the absence of reanalysis). In contrast, an object-gap RC is disadvantaged because
the appearance of an overt subject following the relative pronoun contradicts an initial
attempt to insert a gap at that position.

In contrast to the active filler strategy, many researchers have attributed a subject-
object asymmetry to the different quantity of working memory needed to process each
structure (e.g., Ford 1983, Gibson 1998, 2000, King & Just 1991, Wanner & Maratsos
1978, among others). For example, within the framework of an Augmented Transition
Network (ATN), Wanner and Maratsos (1978) hypothesized that the head noun of an RC
whose grammatical function has not been assigned is held on a special ‘HOLD’ list (a
memory buffer) until it is retrieved at the gap site (p.131). Take the sentences in (16) as
an example. The unstructured head noun must be kept longer for the object RC (16b)
than for the subject RC (16a), therefore, processing the former structure is more costly
than the latter. If holding the head noun in memory incurs the processing cost, this theory
predicts that the processing cost involved in object-gap RCs should appear in the region
between the relative pronoun and the gap (p.138). However, this prediction turned out to
be incorrect as I will show below. (See Ford 1983 for problems with this ATN account.)

It has been suggested that working memory is needed not only to store partial
products of parsing but also to perform symbolic computations for each incoming word
(e.g., Caplan & Waters 1999, 2001, Carpenter, Miyake, & Just 1994, Daneman &

Carpenter 1980, Gibson 1998, 2000, Just & Carpenter 1992, Kaan & Stowe 2002, King
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and Just 1991). Taking this perspective, King and Just (1991:581) pointed out three
kinds of working memory demands that combine to make the processing of object-gap
RCs more difficult. First, the matrix clause is interrupted by the embedded clause, which

is true for both subject-gap and object-gap RCs.

(17) a. Subject RC:  The reporter [that e attacked the senator] admitted the error

b. Object RC:  The reporter [that the senator attacked e ] admitted the error

This means that while the embedded clause is being processed, the head noun of the RC
needs to be stored in working memory or must be reactivated at the end of the embedded
clause.” Second, a role assignment to multiple NPs requires more memory resources
than a role assignment to a single NP. In the case of object-gap RCs, there is a sequence
of NPs (the reporter and the senator in (17b)) that need thematic roles, but cannot be
assigned until the embedded verb attacked appears. That is, agent and theme roles must
be assigned simultaneously at the verb. In contrast, in subject-gap RCs, role assignment
takes place one NP at a time. The agent role is assigned to the reporter at the verb
attacked, and the theme role is assigned when the senator is encountered. Third, the
assignment of two different roles to a single NP is assumed to be more costly. In the

object RC, the reporter is assigned a theme role from the embedded verb but assigned an

 If we take a view that the matrix subject must be ‘reactivated’ at the matrix verb, object-gap RCs seem to
have an advantage over subject-gap RCs (Amy Schafer 2003, personal communication). Assuming that the
matrix subject (i.e., the filler of the following relative clause) is reactivated at the gap position, reactivation
at the object of an embedded clause is more recent to the matrix verb than the reactivation at the subject of
an embedded clause. If a more recently reactivated item further facilitates the re-reactivation of the item at
a subsequent position (e.g., Gibson & Warren 1998, reported in Miyamoto & Takahashi 2002b), the
priming effect should be greater at the matrix verb following an object-gap RC than following a subject-
gap RC.
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agent role from the matrix verb. On the other hand, in the subject RC, the reporter is
assigned an agent role from both verbs. These extra processing demands involved in
object-gap RCs, which stem from both storage and computational aspects, make these
sentences harder to process.

In memory-based accounts, processing difficulties are predicted to occur at the
point where substantial memory demands are required. For example, Ford (1983)
reported that response times in a continuous lexical decision task at the embedded verb
and matrix verb were longer for object-gap RCs than for subject-gap RCs.”® Likewise,
King and Just (1991) found that reading times increased in the predicted computationally
demanding areas (i.c., the end of embedded clause and the matrix verb), but the increase
was much greater for object relative clauses than for subject relative clauses.”” A study
of eye movements conducted by Holmes and O’Regan (1981) found that object-gap RCs
yielded more relooking at the region prior to the head noun and the final constituent of
the RC. Object gap RCs also produced more regres‘sion than subject-gap RCs at the
region immediately following the relative pronoun and the region following the RC
boundary.

Gibson (1998, 2000) proposed a theory of sentence processing, the Dependency

Locality Theory (DLT), in which working memory demands during processing are

% In this task, the participant made a lexical decision (i.e., whether a string of letters is a word or not) for
each word of a sentence. A word of a sentence is presented from left to right on a screen and all words
previously read remain on the screen.

*” The major goal of King and Just’s study was to show that working memory capacity varies across
individuals, and constrains syntactic processes. Those who have less capacity exhibit overall poorer
comprehension and siower processing speed, and suffer more in sentences that require more computational
operations. They proposed a parsing model, Capacity Constrained Reader (p.598). See King and Just
(1991) for more details.
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quantified more explicitly. The theory consists of two major claims: (1) two aspects of
sentence processing consume resources — connecting a word into a partially built
structure (integration) and keeping the structure in memory (storage), and (2) structural
integration is constrained by locality (Gibson 2000:95). The storage cost at each point of
a sentence is quantified by the number of syntactic heads that are required (i.e., predicted
syntactic heads) to complete the sentence as grammatical (p.114).”® For example, a noun
is predicted by the appearance of a determiner, a matrix verb by the subject of a sentence,
a gap by a relative pronoun, and so forth. The integration cost is calculated by the
number of new discourse referents (i.e., category of nouns and verbs) between the heads
of the two projections being integrated.”’ The longer the distance between the two
elements, the more resources are required because the activation of some aspects of the
first element decays over time as intervening items are processed. In sum, the DLT
makes specific predictions about the time course of sentence processing by measuring the
quantity of resources used for storage and integration components of sentence processing.
The subject-object asymmetry observed in the processing of RCs in English is

correctly predicted by the DLT.

2 In his previous work (Gibson et al 1994, Gibson 1998), storage cost was defined in terms of the number
of incomplete dependencies (e.g., NPs that need thematic roles but have not been assigned yet or elements
that need to assign theta roles but haven’t assigned them yet). These two definitions are similar, and “there
is currently no empirical evidence relevant to deciding between indexing storage cost difficulty in terms of
predicted categories or incomplete dependencies: either hypothesis suffices for the data that we know of
thus far (Gibson 2000:121).

% Gibson (2000:103) argues that the resources required to process an NP depend on the accessibility of the
referent of the NP in the discourse. Focused entities or individuals (such as pronouns) are highly accessible
requiring less resource demand, while nonfocused entities (such as proper nouns and definite/indefinite
NPs) require accessing more resources. In this theory, therefore, the head noun of an NP that refers to a
new discourse object and the head verb of a VP that refers to a new event are counted since they are
assumed to consume substantial resources to process.
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(18) a. Subject-gap RC

The reporter [w}&e attacked the senator] disliked the editor.

b. Object-gap RC

The reporter [who the senator attacked e ] disliked the editor.
| |

The integration distance between the relative pronoun who and the gap e is shorter in the
subject-gap RC than in the object-gap RC. There are no intervening words in subject-gap
RC (18a), while there are two discourse referents (the senator and attacked) intervening
in (18Db).

The storage cost for each sentence is shown in (19). Items that are listed below
each word of the sentences are the predicted entities in order for a sentence to complete

as grammatical.

(19) a. Subject-gap RC

wl w2 w3 w4 w5 wb w7 w8 w9
The reporter [who e attacked the senator] disliked the editor.
mainV mainV mainV mainV mainV mainV D.O. N
N relativeV D.O. N

Gap

b. Object-gap RC

wl w2 w3 w4 w5 wb w7 w8 w9
The reporter [who the senator attacked e ] disliked the editor.
mainV mainV mainv mainV mainV mainV D.O. N
N relativeV relativeV relativeV
Gap Gap Gap
N
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The greatest difference in storage cost between subject-gap and object-gap RCs appears
at w4. While there are only two elements (main verb and direct object) predicted at w4 in
the subject-gap RC, there are four elements (main verb, relative verb, gap for who, and
noun for the determiner) predicted at the corresponding region in the object-gap RC.
Reading time data collected by Gibson and Ko (1998, reported in Gibson 2000) was
consistent with the predictions of the integration component. Reading time increased at
the embedded verb in the object-gap RC, but there was no such difficulty observed in the
subject-gap RC. In both relative clauses, the reading time increased at the main verb.*
In contrast to Gibson’s distance metric which calculates the number of new
discourse referents between gap and filler, O’ Grady (1997) proposed a different distance
metric assumed to be responsible for the processing difference between subject-gap and
object-gap RCs (See also Collins 1994, Hawkins 1999, Pesetsky 1982 for similar
approaches, but Frazier 1987b for counter-evidence from Dutch). For expository
purposes, I call Gibson’s integration cost theory ‘the linear distance approach’, and

O’Grady’s ‘the structural distance approach’.

% The results reported in Gibson and Ko only support the predictions proposed by the integration
component of the theory since there was no increased reading time observed at the region where the
greatest storage cost is predicted (i.e., the determiner and the following NP in the object-gap relative
clause). In another study conducted by Gibson, Desmet, Grodner, Watson, and Ko (2002), the reading time
of the whole relative clause region was significantly longer in the object-gap RC than in the subject-gap RC.
However, whether this difference was due to storage cost or integration cost is not clear. Gibson admitted
that “it turns out that many resource complexity effects can be explained using integration cost alone”
(2000:102). He also remarked that “larger quantities of either storage or integration cost cause slower
integration times”, but how exactly these two costs interact with each other has not been empirically
defined (p.115). (See Hsiao and Gibson (2003) for a Chinese relative clause study in which only the storage
component of the theory was found to correctly predict the results.) However, in her ERP study on English
RCs, Kutas (1997) found much earlier divergence between subject-gap and object-gap RCs. That is, the left
anterior negativity (LAN effect, an index of the increased memory load) appeared “shortly after the reader
encounters the relative clause — the subject noun of an object-gap RC” (p.392), which is consistent with
Gibson’s storage component.
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(20)  The structural distance approach [O’Grady 1997:136]
A structure’s complexity increases with the number of XP categories (S, VP, etc.)
between a gap and the element with which it is associated.

The structural distance approach claims that the subject-object gap asymmetry reflects

the different structural positions of the subject and the direct object in the syntactic

structure. Consider the following structural representation that is generally assumed for

English relative clauses.

(21)  Structural representation of English relative clauses

NP

RN

Rel head IP

N

Subject gap r

| VP

RN

V,

N

A% Object gap

Since the object gap is more deeply embedded in the structure than the subject gap, it

must traverse an additional node (VP) in order to be associated with its filler.”!

3! This structural distance metric is equally applicable to a nonmovement approach to the relative clause
formation in which the feature associated with a missing NP percolates up on the structure until it is
matched with the relative head (O’Grady 1997:174-5).
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These two approaches — the linear distance and the structural distance approaches
— make the same predictions for English RCs, namely, the ease of subject-gap RCs over
object-gap RCs (O’Grady, Lee, & Choo 2001:6). The subject gap is not only linearly
closer but also structurally closer to the filler. However, the two hypotheses make
different predictions for Korean and Japanese, SOV languages with prenominal RCs.
While the structural approach predicts that subject-gap RCs are easier in Korean and
Japanese since the subject is structurally higher across languages, the linear distance
approach predicts the reversed pattern — ease of object-gap RCs — because the object gap
is linearly closer to the filler. Although empirical data from adult sentence processing
has not shown a subject-gap advantage in head final languages, both L1 and L2
acquisition data for those languages have supported the prediction proposed by the
structural distance approach (Cho 1999 for L1 Korean, O’Grady, Lee & Choo 2001 for
L2 Korean, O’Grady, Yamashita, Lee, Choo, & Cho 2002 for L1 Japanese, Kanno &
Nakamura 2001 for L2 Japanese). I will discuss these issues in more detail in Section
3.2.2.3.

This section outlined major processing models that have been put forward to
account for the well-established finding of a processing advantage for subject-gap RCs
over object-gap RCs. Under the active filler hypothesis (including the Minimal Chain
Principle), once a filler is identified, the parser follows a structure-based heuristic
principle to find a gap. Since the subject is the earliest grammatically permissible
position for a gap, the parser is predisposed to fill the subject gap with its filler. In

contrast, many other theories attribute the processing asymmetry to memory
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considerations. Simply, the longer a dependency is, the more difficult it is to process
since the more computational resources are required. However, how the length of a
dependency is defined varies. The Dependency Locality Theory (Gibson 1998, 2000)
makes reference to a linear distance metric by counting the number of discourse referents
between gap and filler, while the structural distance hypothesis (O’Grady 1997) counts
the number of syntactic nodes between gap and filler in the syntactic structure.

With English RCs, all of these models successfully account for the empirical
findings currently available (i.e., processing advantage of subject-gap RCs).
Unfortunately, however, empirical evidence from other languages is very limited,
especially in the area of adult sentence processing. This dissertation is an attempt to
collect such empirical evidence from a language that is typologically different from
English in some critical ways. In the sections that follow, I am going to summarize basic

processing properties of Japanese and findings on the processing of RCs in Japanese.

3.2 Processing of filler-gap dependencies in Japanese
3.2.1 Incremental processing in Japanese

There is a general consensus among psycholinguists that sentence processing in
head-initial languages proceeds in a highly incremental fashion. In English, for example,
the fixed word order, early appearance of a head relative to its dependent elements, and
overtly expressed constituents of a sentence give the parser relatively sufficient cues
about the structure it is going to build. By contrast, in Japanese, a strict head-final
language, the verb comes at the end of a clause, and all other elements (e.g., verb’s
arguments and modifiers of those arguments) precede the verb. Furthermore, the flexible
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constituent order and frequent argument drop make sentences inherently ambiguous,

allowing more than one analysis for a given sentence.”

Consider the following example from Inoue and Fodor (1995:9-10).

(22) John-ni Mary-ga shookaishita tomodachi-o odorokaseta to itta.
John-DAT Mary-NoM introduced friend-AcC  surprised COMP said

The sequence of two verbs at the end indicates that this sentence consists of two clauses.

However, where the clause boundary falls is ambiguous because there is no formal device

to signal the beginning of an embedded clause in Japanese. The sentences in (23) give

three possible analyses (among many others) of this sentence (p.10).

(23) a. [John-ni Mary;i-ga [[e; [[e; €; shookaishita] tomodachi;]-o odorokaseta] to] itta]
“To John, Mary said that she had surprised the friend she had introduced to
someone.’

b. [e John-ni [[e [[Mary-ga e; shookaishita] tomodachij]-o odorokaseta] to] itta]
‘Someone said to John that he had surprised the friend to whom Mary had
introduced him.’

c. [[e [[e [John-ni Mary-ga e; shookaishita] tomodachi;}-o odorokaseta] to] itta]
‘Someone said that someone had surprised the friend that Mary introduced to
John.’

In (a), the first two NPs (‘John-dat’ and ‘Mary-nom’) are analyzed as arguments of the

matrix verb (‘said’). In (b), only the first NP (‘John-dat’) is an argument of the matrix

verb, while the second NP (‘Mary-nom’) belongs to the embedded verb (‘introduced’).

In (c), both initial NPs are clausemates of the most embedded clause (with ‘introduced’).

32 See Inoue and Fodor (1995), Hirose (1999), Mazuka (1991), Yamashita (1997, 2000) for more detailed
discussion of ambiguities in Japanese.
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As for the accusative marked NP (‘friend-acc’), it could be interpreted as the theme of the
verb ‘introduced’ as in (a) and (c), or it could be analyzed as the goal as in (b). Other
arguments are implicit (indicated as e in the above sentences) and their referents are
determined based on the discourse.

The inherent ambiguity of Japanese and the possibilities of misanalysis as a
consequence make researchers wonder how online processing proceeds in Japanese. One
proposal for responding to such massive ambiguity in Japanese is that the Japanese parser
postpones structural analysis until disambiguating information (i.e., syntactic heads such
as verbs) becomes available (Pritchett 1991).” However, a delayed parsing model such
as Prichett’s is counterintuitive in the sense that it implies tremendous parsing
disadvantages for Japanese.** Furthermore, recent studies on Japanese sentence
processing suggest that this is not the case.

Extensive evidence (from both intuitive judgments and experimental results) has
shown that the Japanese parser conducts a structural analysis incrementally based on the
information available in a sentence (e.g., Hirose 1999, Inoue 1991, Inoue & Fodor 1995,

Kamide & Mitchell 1999, Mazuka, Itoh, & Kondo 2002, Miyamoto & Takahashi 2002a,

% Pritchett (1991:252-3) proposed a head-driven parser for Japanese. According to this model, all
attachment decisions are made at the head, where grammatical requirements such as case and theta role
assignments are satisfied to the maximum degree possible in the local string.

3 By assuming that a sentence is a projection of Infl and VP is projected when a verb appears, Inoue and
Fodor (1995) argued that virtually all elements in a sentence must be left unstructured until the end of the
sentence. Storing unstructured information imposes much greater demands on working memory than
structured elements (Miller 1956). Furthermore, most misanalyses seem to be relatively easy or even
unnoticed during normal language use. See also Miyamoto (2002) for the discussion of the problems
involved in such a delay model.
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2002b, Miyamoto, Gibson, Pearlmutter, Aikawa, & Miyagawa 1999, Miyamoto &
Takahashi 2001, Nagai 1995, Yamashita 1997).*°

Yamashita (1997) showed that the Japanese parser makes use of case marking
information to construct a tentative structure prior to a verb. She examined the following
set of sentences using a lexical decision task.
(24) a. Kawaii onnanoko-ga wakai sensei-ni  oishii ocha-o dashita

cute  girl-NoMm young teacher-DAT good tea-ACC served

“The cute girl served the young teacher good tea.’

b. Kawaii onnanoko-ga wakai sensei-ni  [oishii ocha-o nonda] (to itta).

cute  girl-NoMm young teacher-DAT good tea-ACC drank (that said)
“The cute girl said that the young teacher drank good tea.’

The reaction time to decide whether or not a word (underlined) is a real word in Japanese
was significantly faster for dashita (‘served’) in (24a) than for nonda (‘drank’) in (24b).
This suggests that the parser construes the NP sequence <NP-nom NP-dat NP-acc> as co-
arguments of a single clause and expects that a ditransitive verb will appear. When
dashita (‘served’) appears for judgment as in (24a), the response latency should be fast
since this word matches the mental representation that the parser has been building thus
far. When nonda (‘drank’) appears (as in (24b)), on the other hand, processing is
disrupted since this word does not meet the expectation. Furthermore, Yamashita
observed that the preference for a ditransitive verb over a transitive verb was present even
when the dative marked NP (‘young teacher-dat’) was preposed to sentence initial

position. She concluded that the parser keeps track of case marking information

3% See Koh 1997 for similar evidence from Korean, and Bader and Lasser 1994 for German, both of which
place a verb sentence-finally in an embedded clause.
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(regardless of the NP order) and uses it to make structural decisions about a sentence
without waiting for the verb.

Although this study provides evidence for the active use of case marking
information during processing, Yamashita’s findings do not necessarily exclude
Prichett’s (1991) head-driven parser. Prichett’s model predicts that a ditransitive verb
would be responded to faster because the argument structure of the verb is ‘maximally
satisfied’ when structural decisions are made when the verb is encountered (1991:252-3).
In order to determine whether or not parsing decisions are made prior to a head (i.e., a
verb), we need more direct evidence that shows that processing differences occur locally
(i.e., prior to the verb).

Kamide and Mitchell (1999) tested sentences with the configuration shown in
(25a). An actual sentence example is in (25b) with two possible interpretations in (25¢)

and (25d).

(25) a. NP-nom NP-dat NP-nom V1-ditra Adj NP-acc V2-ditra

b. Kyooju-ga gakusee-ni  toshokanshisho-ga kashita mezurashii
professor-NOM  student-DAT librarian-NOM lent unusual
komonjo-o miseta.

ancient-manuscript-AcC showed
c. High attachment: NP-nom NP-dat [NP-nom V1-ditra] Adj NP-acc V2-ditra

High attachment reading: ‘the professor showed the student the unusual ancient
manuscript which the librarian had lent’

d. Low attachment: NP-nom [ NP-dat NP-nom V1-ditra] Adj NP-acc V2-ditra

Low attachment reading: ‘the professor showed the unusual ancient manuscript
which the librarian had lent the student’
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The sentence is globally ambiguous in that the grammar itself does not specify either
interpretation. The underlined dative NP, which is always optional for Japanese
ditransitive verbs (Kamide & Mitchell 1999:640), can be attached to either an embedded
ditransitive verb (‘lent”) (giving a low attachment reading) or a matrix ditransitive verb
(‘showed”) (gtving a high attachment reading). An incremental pre-head parsing model
predicts that high attachment is preferred throughout the sentence. This is because as
soon as the first NP appears, the parser projects the highest possible level sentence node
and attaches both nominative NP and dative NP to the forthcoming predicate of that node
(p.635). Since this initial analysis remains unchanged, the preference for high attachment
is obtained. On the other hand, a head-driven delayed model predicts that an attachment
preference will split. According to this model, the first attachment decision is made at
the embedded verb. Since this verb’s argument structure must be maximally satisfied,
the dative NP is attached to the embedded ditransitive verb. At the sentence-final verb,
which is also ditransitive, the same principle (satisfying argument structure maximally)
applies. Then, both high and low attachments compete with each other, resulting in 50/50
split attachment decisions. The results of a self-paced reading experiment supported the
prediction of the incremental pre-head model. The sentence final verb was read faster
when it was ditransitive than when it was transitive, while at the embedded verb, the
reading times of ditransitive and transitive verbs did not differ.  This study suggests that
an attachment decision of a dative NP to the matrix verb is made prior to the matrix verb.

When the matrix verb is unexpectedly transitive, processing load increases.
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Another piece of evidence for incremental parsing (i.e., parsing decisions made
prior to a verb) comes from Miyamoto (2002). In one experiment, he compared
sentences with configurations shown in (26a) and (26b). Actual sentences are given in

(26¢) and (26d) respectively.

(26) a. Ambiguous relative clause (ARC)

wl w2 w3 wd w5  wb w7 w8
Adv NP-NoM NP-DAT NP-acc V NP-acc Adv  Vian

b. Double accusative sentence (DA)

wl w2 w3 wd w5 wb w7 w8
Adv NP-NoM NP-acc NP-acc V NP-DAT Adv  Viun

c. Ofisu-de shokuin-ga  kakarichoo-ni ocha-o dashita josei-o teineini
office-at employee-NOM manager-DAT tea-ACC served woman-ACC politely
shoukaishita.
introduced

‘At the office, the employee politely introduced the woman who served the tea to
the manager.’

d. Ofisu-de shokuin-ga  kakarichoo-o ocha-o dashita josei-ni teineini
office-at employee-NOM manager-ACC tea-ACC served woman-DAT politely
shoukaishita.
introduced
‘At the office, the employee politely introduced the manager to the woman who
served the tea.’

Assuming that Japanese readers build a structure incrementally based on case marking
information, Miyamoto made the following predictions. In sentence (a), the first three
NPs (w2-w4) are initially construed as arguments of a single clause. At w6, the

appearance of another NP indicates that the initial single-clause analysis is incorrect and

a relative clause has to be built. This results in longer reading times at this position. For
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sentence (b), as soon as readers reach w4 (the second accusative NP in the fragment), the
parser will insert a clause boundary between w3 and w4 since no verbs in Japanese take
two accusative marked arguments (known as double-o constraint). Inserting a clause
boundary requires an extra processing cost, and thus longer reading times will be
expected at w4.”® Since this clause boundary insertion gives the parser an earlier clue
that the sentence contains more than one clause, there will be no detectable surprise when
the relative clause head (another signal for an embedded clause) is encountered at w6.
Word-by-word reading times supported these predictions. Miyamoto concluded that case
marking information is used not only to assemble words into a structure prior to the verb
but also to generate predictions about the incoming string. (See Miyamoto et al 1999 for
more evidence for a pre-head attachment decision observed in RCs with multiple
attachment sites.)

In summary, empirical evidence has shown that the Japanese parser does not wait
for a clause final verb to appear, but makes active use of case marking information to
develop predictions about upcoming words. For example, a sentence-initial sequence of
case marked NPs (NP-nom NP-dat NP-acc) is initially analyzed as clausemates and the
appearance of a ditransitive verb is predicted (e.g., Inoue & Fodor 1995, Mazuka 1991,
Miyamoto 2002). Case marking also signals the presence of a clause boundary

(Miyamoto 2002). For instance, when a sequence of two accusative marked NPs is

% Longer reading times at w4 in sentence (b) were not due to the sequence of NPs with identical case
marking, but due to the insertion of a clause boundary. In order to tease apart the two possibilities, this
experiment included another condition (c) which had the configuration [Adv NP-acc NP-nom NP-acc V
...]. Note that this condition no longer has a sequence of accusative marked NPs. Longer reading times
were observed at word 4 in both (b) and (c) conditions, which indicates that the increased reading times
were due to the insertion of a clause boundary.
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detected, the parser immediately inserts a clause boundary without waiting for

confirmation from the verb.

3.2.2 Filler-gap dependencies in Japanese

The previous section showed that despite strict head finality, Japanese sentence
processing is very similar to that of English. Sentences are processed in a highly
incremental fashion. People assign a tentative structure to an incoming word based on
case marking information and develop certain expectation about the incoming words.>’

‘A question arises as to whether filler-gap dependencies in Japanese are processed
in a similar manner to English. As noted by many researchers (e.g., Hawkins 1999,
Hirose 1999, Yamashita, Stowe, & Nakayama 1993), there are typological and
grammatical characteristics of Japanese that make the processing of this construction
very difficult (as compared to English). In English, a filler precedes a gap. In particular,
fillers in structurally salient positions (e.g., wh-phrases and relative pronouns in non-
argument positions) signal to the parser that a gap is needed, and the occurrence of a gap
is therefore anticipated. The position of a gap can also be signaled by certain syntactic
cues, such as the form of a relative pronoun (e.g., whom indicates that a gap will be found
in an object position). By contrast, in Japanese, a gap precedes its filler. If the gap
comes first, it should be harder to recognize and there may be considerable backtracking
when the filler is encountered (Hawkins 1999:273). Furthermore, there is no

morphosyntactic cue that signals the exact position and the role of a relative clause gap

37 For the use of information other than case marking, see Hirose (1999) and Nagai (1995).
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(Hirose and Inoue 1998:73). Frequent occurrence of pro-drop (implicit arguments) also
makes the detection of an appropriate gap more difficult. These differences seem to
suggest that very different strategies may be involved in the processing of gaps in
Japanese.

The sections that follow provide an overview of the processing of filler-gap
dependencies. Three major issues are of particular concern here: (1) whether or not there
is any observable effect associated with the postulation of a gap in Japanese, (2) at which
point in a sentence a gap is recognized and a filler-gap dependency is formed, and (3)
whether or not there is a subject-gap advantage in the processing of Japanese relative

clauses.

3.2.2.1 Postulation of gaps

Early studies on the processing of gaps failed to provide consistent evidence for
processing difficulty in postulating a gap. For example, Mazuka et al. (1989, reported in
Mazuka 1991) found no evidence for processing cost involved in reanalysis with gaps.
They examined different types of garden-path complex sentences in which the parser fails
to detect a gap initially and inserts it later after reanalysis. For example, they compared

the following sentences.

(27) a. Subject-gap center-embedded RC [Mazuka 1991:223-225]

Roojin-ga  [ei kodomo-0 yonda] josee; to  hanashi-o shita.
old man-NOM child-Acc called woman with talk-acc did
*An old man talked with a woman who called the child.’
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b. Object-gap center-embedded RC

Hirosi-ga  [Masao-ga ¢; katta] pan;-o tabeta.

Hirosi-NOM Masao-NOM  bought bread-Acc ate

‘Hirosi ate the bread Masao bought.’

In sentence (27a), the sequence <NP-nom NP-acc V> is initially understood as a simple
transitive clause without a gap. When the following NP (‘woman’) is encountered,
Japanese readers recognize that this NP is the head noun of a relative clause, and insert a
gap in the subject position of the relative clause. According to Mazuka et al., this is a
typical case of ‘failing to detect a gap and inserting it later with reanalysis’. Sentence
(27b), on the other hand, does not require reanalysis. The first verb (‘bought’) indicates
that the two nominative NPs cannot be the co-arguments of the verb and thus must
belong to different clauses. Since the direct object is missing in a sequence <Masao-nom
bought>, a gap is inserted in the object position of the embedded clause. Mazuka et al.
found no total reading time differences between these two sentences. Taken together
with other results of this sort, they concluded that failing to detect a gap initially and
inserting it later with reanalysis of the embedded subject is not associated with processing
cost. It was suggested that postulating gaps in Japanese is ‘post-initial-stage processing’,
that is, gaps are not recognized during the initial stage of processing (p.230).

However, other explanations are possible for the absence of reading time
differences between (27a) and (27b). First, lexical items were not matched between the
two sentences. Therefore, the absence of predicted difference could be simply due to
different lexical items and/or plausibility difference between the sentences. Second, even
if center-embedded object-gap RCs (e.g., sentence (27b)) may not involve reanalysis, a
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sequence of two nominative-marked NPs has been found to increase processing load,
possibly due to insertion of a clause boundary (Miyamoto 2002), a similarity interference
effect (Uehara 1997), the marked nature of the nominative case (Kuno 1973), and so forth.
In fact, Nakamura (1999/2000) tested relative clauses equivalent to those in (27) and
found that the local reading time increased at the second nominative-marked NP in (27b),
while the increased reading time was observed at the head noun of (27a), suggesting the
strong garden-path effect. Therefore, when only the overall reading time of a sentence is
measured, it is possible that different types of processing difficulties in each sentence
cancel out the overall difference between the sentences.

In Yamashita, Stowe, and Nakayama (1993), the processing of two different types

of RCs as in (28) was investigated using a word-by-word self-paced reading task.

(28) a. Gapless relative clause® [Yamashita et al. 1993: 256]
Yokohama-de [kodomo-ga nesshinni shishuu-o utta] okane-ga ....
Yokohama-at children-Nom ardently anthology-Acc sold money-NOM
‘In Yokohama, the money from the children’s selling of anthologies...’

b. Regular relative clause
Yokohama-de [kodomo-ga nesshinni machi-de e; utta] shishuu-ga ....

Yokohama-at children-NOM ardently town-at sold anthology-NOM
‘In Yokohama, the anthologies that the children sold in town...’

They found that the embedded verb of the regular RC (i.e., ‘sold’ in (28b)) was read more

*® Gapless relative clauses are quite common in both spoken and written Japanese. In this construction, the
head refers to the result of the action or event denoted by the relative clause (Yamashita et al. 1993:255).
i. [[kodomo-ga okashi-o katta] oturi
child-NOM candy-ACC bought change
‘the money left after the child bought candy’
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slowly than that of the gapless RC in (28a). The authors interpreted the results to mean
that the parser makes use of the verb’s argument information and immediately postulates
a gap at this position. This produces an additional processing cost. For gapless RCs, on
the other hand, significantly increased reading times were observed at the head noun.”
This suggests that the parser initially analyzed the gapless RC as a simple clause (because
there is no missing argument) and was surprised at the appearance of the head noun. The
absence of a surprise effect at the head noun of the regular RC, on the other hand,
suggests that a missing argument makes the reader expect a relative clause structure prior
to the head noun. Yamashita et al. concluded that postulating a gap requires extra
processing effort, and that verb argument information is utilized online in order to make a
tentative decision about the syntactic structure that is currently being built.

Their study suggests an important fact about the processing of filler-gap
dependencies in Japanese. A gap is posited relatively rapidly at the position where the
parser recognizes that a gap is needed. In the case of regular RCs, this is the embedded
verb position. As [ summarized earlier, the Japanese parser conducts a structural analysis
incrementally by making use of case marking information. It keeps track of both the
number and the type of case marked NPs. At the embedded verb, the parser evaluates the
verb’s argument structure, and postulates a gap if there is any missing argument. Since
postulating a gap entails a processing cost, an increased reading time is observed at the

verb.

** In Yamashita et al. (1993), these effects were originally reported as appearing one word later. However,
it was confirmed that there was in fact no delayed effect (Hiroko Yamashita 2003, personal
communication).
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Yamashita (1995) examined a similar set of sentences (gapless and regular RCs,
plus adjunct RCs) and replicated the garden path effect, i.e., the increased reading time at
the head noun of gapless and adjunct RCs. However, she found no processing cost
associated with postulating a gap at the embedded verb of a regular RC. That is, there
was no statistical difference in reading times between the embedded verb of the regular
RC on the one hand and the embedded verb of the gapless and adjunct RCs on the other.
Therefore, the evidence for a processing cost associated with postulating a gap has not
been established yet.

One possible reason for these inconsistent findings may be the fact that unlike
English in which the presence of a filler triggers an explicit gap-search process for the
purpose of dependency formation, in Japanese positing a gap itself is not necessarily
motivated by the formation of a filler-gap dependency. Since Japanese is a pro-drop
language, a gap (an empty pronoun in GB terms) is posited whenever an argument is
missing (Inoue 1991). Considering the high frequency of argument drop in everyday
Japanese, it is less likely that the mere postulation of a gap incurs considerable and
measurable processing cost. However, further investigation is needed to test how the
expectation of a relative clause is formed prior to the appearance of the relative head and
how the processing cost of postulating a gap is different from that of forming a

dependency.

3.2.2.2 Processing of scrambled sentences
Recent studies on gap processing in Japanese have primarily focused on
scrambled sentences. In Government and Binding Theory, scrambling is analyzed as
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involving the movement of a constituent, creating a trace at its canonical position (e.g.,
Saito 1985). While earlier studies on scrambling failed to provide psycholinguistic
support for processing difficulty (Nakayama 1995, Yamashita 1997), recent findings have
suggested that scrambled sentences are associated with some processing cost.
Furthermore, like English, factors such as a distance effect have also been shown to affect
the processing of scrambled sentences in Japanese (e.g., Garnsey, Yamashita, Itoh, &
McClure 2001, Mazuka, Itoh, Kondo 2002, Miyamoto and Takahashi 2001, 2002a,b,
Ueno and Kluender 2003).

A piece of evidence that shows that scrambling involves creating a gap at the
original position was obtained by a probe reactivation study conducted by Miyamoto and
Takahashi (2002a). They conducted an end-of-sentence probe recognition task following
a scrambled sentence with <NPj-acc NP-nom t; V> order. Example sentences are shown
in (29).

(29) a. Canonical condition
probe
\

[Gakko-de mondai-o dashita] kooshi-ga mukuchina gakusei-o mita.

school-at question-Acc asked lecturer-NOM quiet  student-ACC saw

“The lecturer who asked the question at school saw the quiet student.’

b. Scrambled condition
probe
l

[Gakko-de mondai-o dashita] kooshi;-0 mukuchina gakusei-ga e; mita.

school-at question-AcC asked lecturer-AcC quiet  student-NOM  saw
“The quiet student saw the lecturer who asked the question at school.’
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In this task, the participants read a sentence in a word-by-word manner. At the end of
each sentence, a probe word (e.g., mondai ‘question’) taken from an RC modifying a
subject NP or a preposed object NP was presented for recognition. The underlying logic
for this task is that the recognition to a word is faster when the word itself or its associate
has been presented more recently. If the filler (i.e., the scrambled element) is assumed to
be reactivated at the gap site, the recognition to the probe word should be faster following
the scrambled sentence than following the canonical sentence. The prediction was borne
out. The probe following scrambled sentence (29b) was recognized faster than the probe
following canonical sentence (29a), which suggests that the antecedent is reactivated at
the gap in scrambled sentences.

Miyamoto and Takahashi (2002b) also examined the processing of VP-intemal
scrambling, in which the accusative argument of a ditransitive verb is preposed in front of
the dative argument.” The sample test sentences are schematically shown below
(p.170).!

(30) a. Canonical
[cp NP-nom [rc NP-dat NP-ace ditransitive-V] NP-acc V-comp] NP-nom
report-V.
b. Scrambled

[cp NP-nom [rc NPj-acc NP-dat t; ditransitive-V] NP-acc V-comp] NP-nom
report-V.

* Miyamoto and Takahashi (2002b:169-170) discussed some advantages of VP-internal scrambling over
the scrambling of a constituent (accusative or dative NP) over the nominative marked NP. First, the
nominative marked NP may signal a clause boundary (Miyamoto 2002). Hence, any processing cost
observed at the nominative NP position may not reflect scrambling, but insertion of a clause boundary.
Second, both dative-accusative and accusative-dative orders are common in Japanese, thus frequency will
be of less concern.

*! In the above schematic representations, I removed the gaps associated with the relative head nouns for
simplicity.
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The critical region of comparison is the NP in bold immediately preceding the
ditransitive verb. The results of a self-paced reading experiment showed that the
scrambled condition (30b) took significantly longer to read than the canonical condition
(30a), suggesting the processing cost associated with postulating a gap and relating it
with the moved NP-acc. No significant differences were found in any of the other
regions, including at the ditransitive verb.

| There are several implications that can be drawn from this study. First, if this
syntactic analysis of scrambling is correct, the processing cost associated with scrambled
sentences may provide crosslinguistic support that a sentence formed by a movement
operation is structurally more complex and thus produces some processing difficulty (De
Vincenzi 1996, Fodor 1978, Hawkins 1999, among others). Second, this study
constitutes additional evidence for the incremental parsing of Japanese. Miyamoto and
Takahashi explained that in VP-internal scrambling in Japanese (see (30b) above), the
parser may not be able to detect a scrambled structure until the dative marked NP is
reached. This is because without verb information, the sequence <NP-nom NP-acc> is
more likely to be analyzed as a simple transitive clause (Inoue 1991, Inoue and Fodor
1995, Miyamoto 2002).** At the dative NP, the parser constructs a tentative analysis that
the sentence must be a ditransitive clause. By looking at the <NP-acc NP-dat> order, it
also recognizes that it involves scrambling and inserts a gap at the position following the

dative-marked NP. A gap is inserted at the first point at which the parser recognizes that

* However, if this is the case, there is a possibility that the parser generates an expectation that a transitive
verb should appear following the <NP-nom NP-acc> sequence. Then, the increased reading time at the
NP-dat can be due to encountering an unexpected NP-dat instead of a transitive verb (Kazue Kanno 2003,
personal communication).
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a gap is necessary, and the processing consequence of this process shows up immediately
(Miyamoto & Takahashi 2002b:175). The recognition of the need for a gap and the
insertion of a gap take place simultaneously before the information from the verb
becomes available (p.176).

In the same study, Miyamoto and Takahashi (2002b) further found that the
distance effect between gap and filler is manifested in Japanese scrambled sentences.
Recall that it has been shown in English that the longer the filler-gap dependency, the
more difficult it is to process (e.g., Gibson 1998, 2000, Just & Carpenter 1992, King &
Just 1991). (See section 3.1.4 in this chapter for a review.). In order to manipulate the
distance factor, Miyamoto and Takahashi used the following sentence types.

(31) a. Canonical
[cp NP-nom [grc <1> NP-dat <2> NP-acc ditrans-V] NP-acc V-comp]

NP-nom...

b. Scrambled

[cp NP-nom [rc <1> NPj-acc <2> NP-dat t; ditrans-V] NP-acc V-comp]

NP-nom...

In order to make a long and short filler-gap distance condition for each sentence, a long
phrase was inserted at either <1> or <2>, When inserted at <1>, it created short
canonical and short ss:rambled conditions because the insertion of the phrase does not
affect the filler-gap distance. When inserted at <2>, it created long canonical and long
scrambled conditions because the distance between gap and filler becomes longer. The
critical region of comparison is the NP in bold. Preliminary results showed that the long

scrambling condition was read significantly more slowly than the short scrambling
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condition in scrambled sentences, whereas there was no comparable difference between
the long and short canonical conditions. This suggests that like English, the processing of
filler-gap dependencies is influenced by the linear distance between gap and filler: the
longer the distance between gap and filler, the more difficult it is to process.

Miyamoto and Takahashi (2001) argued that the processing phenomenon
observed in filler-gap dependencies is best treated under a more general parsing principle,
namely the locality constraint on the length of dependency, assumed by a memory-based
account (Gibson 1998, 2000) outlined earlier. Unlike heuristic strategies such as the
Active Filler Hypothesis (Frazier and Clifton 1989) and the Minimal Chain Principle (De
Vincenzi 1991) that are specific to constructions with fillers preceding gaps (e.g., wh-
phrases in English), the memory-based locality constraint can account for a wider range
of dependency constructions with and without gaps. (See Gibson 1998, 2000 for a
review.)

For example, Japanese wh-phrases appear in-situ and thus leave no traces.
However, a wh-phrase requires a question particle (attached to the predicate) at the end of
a clause. Miyamoto and Takahashi (2001) predicted that the dependency between wh-
phrase and question particle (QP) should obey the locality requirement. That is, there
should be a preference for a sentence in which the QP appears closer to the wh-word over
a sentence in which the QP appears farther from the wh-word. The prediction was borne

out in a self-paced reading experiment using materials shown below.
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(32) wl w2 w3 wd w5
a. [NP-nom WH-acc V-comp] NP-nom V-QP?

b. [NP-nom NP-acc V-comp] NP-nom V.
c. [NP-nom WH-acc V-QP] NP-nom V-QP?

d. [NP-nom NP-acc V-QP] NP-nom V.

Sentence (32c) is the short wh-word-QP distance condition and sentence (32a) is the long
wh-word-QP distance condition. The third region (V-comp) of (a) was read more slowly
than the same region of (b). This suggests that after reading a wh-word in (a), the parser
built an expectation that a QP could appear at the first predicate position. Since this
position was filled with a complementizer and not with a QP, the parser was surprised,
resulting in increased reading time. On the other hand, the third region (V-QP) of (c) was
read faster than that of (d). In (c), the expectation for the QP was met at the earliest
position, thus the region was read without any difficulty. In (d), in contrast, since there
was no wh-word in the preceding region, the QP was not expected. This also led to an
increased reading time. Miyamoto and Takahashi suggested that forming a dependency
(even without a gap) is constrained by the locality requirement, which further supports a
view that dependency formation consumes working memory and thus is preferred to be

completed as soon as possible whenever the opportunity arises.*”

# A processing similarity between English wh-questions (i.e., a filler-gap dependency) and Japanese wh-
questions (i.e., wh-word and question particle dependency) was also observed in an ERP study conducted
by Ueno and Kluender (2003).
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3.2.2.3 Subject-object asymmetry

There is overwhelming evidence that suggests that subject-gap RCs are easier to
process than object-gap RCs in English. However, very few studies have examined this
issue in Japanese sentence processing. One of the earliest studies was the one conducted
by Hakuta (1981) with Japanese-speaking children (from 3;3 to 6;2) using a traditional
act-out task. In one of his experiments, the effect of gap was examined in left-branching
RCs with an intransitive predicate in the matrix clause, as shown in (33).

(33) a. Subject-gap RC: [e NP-acc V]NP-nom V.

b. Object-gap RC: [NP-nom e V] NP-nom V.
Superior performance was obtained for object-gap RCs like (b) over subject-gap RCs like
(a). The detailed analysis of responses revealed that children had problems
comprehending an action expressed in the embedded clause of a subject-gap RC. The
initial <NP-acc V> sequence was interpreted as agent-verb. Taken together with the
results from his other experiments, he concluded that case marking plays a secondary role
in the processing of complex clauses by children. It is the configuration factor that
determines the relative difficulty of those sentences processed by Japanese children.

The results of Hakuta’s study may imply a fundamental difference between
children and adults in terms of the type of information used in sentence comprehension.
Recall that Japanese adults make use of detailed knowledge about case marking in order
to assign a structure to the input string. However, more recent acquisition studies with
Japanese children (and Korean children as well) have shown that children in both
languages prefer subject-gap RCs over object-gap RCs. (Cho 1999 for .1 Korean,
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O’Grady, Yamashita, Lee, Choo, & Cho 2002 for L1 Japanese, cf. Clancy, Lee, & Zoh
1986)

To my knowledge, Sheldon’s (1976) offline study was the first to examine the
processing of Japanese RCs with an adult population. She asked 32 native speakers of
Japanese to rank the relative difficulty of comprehending four types of RCs on a 4-point
scale. The RCs differed from each other in terms of two factors — gap position and

modifying position as shown below.

(34) a. SS (Subject-gap RC modifying the matrix subject)
[ei Shojo-o tsukitobashita] otokoi-wa shonen-o nagutta.
girl-acc pushed away man-TOP boy-ACC  hit
‘The man that pushed away the girl hit the boy.’

b. SO (Object-gap RC modifying the matrix subject)
[Shojo-ga ei tsukitobashita] otoko;-wa shonen-o nagutta.
girl-NoM  pushed away man-TOP boy-ACC  hit
‘The man that the girl pushed away hit the boy.’

c. OS (Subject-gap RC modifying the matrix object)
Otoko-wa [e; shojo-o tsukitobashita] shonen;-o nagutta.
man-TOP girl-Acc pushed away boy-Acc  hit
“The man hit the boy that pushed away the girl.’

d. OO (Object-gap RC modifying the matrix object)
Otoko-wa [shojo-ga e; tsukitobashita] shonen;-o nagutta.
man-TOP  girl-NOM  pushed away boy-AcC  hit
“The man hit the boy that the girl pushed away.’

The results showed the following difficulty ranking: SO > OO =SS > OS (from hardest

to easiest). One major finding was that object-gap RCs (SO and OO) were judged to be
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significantly more difficult than subject-gap RCs (SS and OS). This tendency was true,
but even stronger, for English-speaking participants tested in the same study. The
relative ranking judged by English speakers was SO=00 > SS > OS (from hardest to
easiest), in which both object-gap RCs (SO and OO) were judged to be equally difficult.
Another finding that was true for both Japanese- and English-speaking participants was
that center-embedded RCs are not necessarily more difficult than non-center-embedded
RCs. In Japanese, OS is center-embedded, but it was found to be the easiest. Likewise,
in English, S8 is center-embedded, but it was judged to be easier than OO, which is right-
branching. Sheldon concluded that the NP accessibility hierarchy proposed by Keenan
and Comrie (1977) seems to have some psychological reality. According to this
hierarchy, subject is the position that is the most accessible to relativization. With respect
to the stronger effect of object-gap disadvantage in English than in Japanese, Sheldon
(1976) argued that the linear distance between gap and filler increases the memory load
in English. That is, an object gap i/s farther from the filler than a subject gap in English.

Although offline judgments provide useful information about the relative
difficulty of a structure, there are a few problems with Sheldon’s study. First, the
difficulty ranking of RCs may reflect a pragmatic, rather than structural, difference
among the four sentences. For example, a fragment of the SO type had the meaning of
‘the girl pushed away the man’. Similarly, a fragment of the OO type meant ‘the girl
pushed away the boy’. Both meanings are less plausible in my world knowledge, and in
fact they were judged as the most and the second most difficult among Sheldon’s

participants. A plausibility pretest would be necessary in order to ensure that the
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difficulty judgment was not due to plausibility difference but due to structural
considerations. Second, Sheldon implied that the linear distance between gap and filler
has a sort of additive effect in English. That is, the subject of a sentence is the least
marked NP for relativization across languages. In the case of English, object-gap RCs
are even more disadvantaged because of their linearity effect. However, she was not
clear about how the NP accessibility and the filler-gap distance effect interact with each
other when these two effects conflict such as in Japanese. In Japanese, linearity favors
object-gap RCs, but the accessibility hierarchy favors subject-gap RCs. Overall, subject-
gap RCs were easier than object-gap RCs, but the SS type (subject-gap RC) were not
distinguishable from the OO type (object-gap RC). How and why the relative order (OS
> 00 =SS > SO) came out needs further investigation.

Abe, Hatasa, and Cowan (1988) also compared four types of RCs equivalent to
those of Sheldon’s study shown in (34).** In their first experiment, the overall reading
time of each sentence and the response accuracy to end-of-sentence comprehension
questions were examined.* The overall reading times did not differ across conditions.
Comprehension accuracy, however, revealed a difference among the four conditions: OO
> 0S8 > SO > S8 (from hardest to easiest). Both OS and OO are center-embedded RCs.

The OS type contained a prototypical garden-path configuration (i.e., a sequence of NP-

“ Although the authors used these labels (SS, SO, OS, and OO) to distinguish relative clauses, they did not
conduct a 2x 2 factorial analysis. They treated them as four conditions of a single factor (i.e. sentence type).
* In this study, the overall reading times are defined as the duration between the onset of the presentation
of a sentence and the point at which the participants touched a box located on the lower left hand portion of
the touch sensitive computer screen when they finish reading. Prior to the end-of-sentence comprehension
question, there was another task in order to control a possible ceiling effect. In this task, the participants
view three four-digit numbers and touch the one divisible by four (p.82).
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nom NP-acc V), while OO involved a sequence of stacked NPs. The authors argued that
garden path sentences and sentences with stacked constituents are a source of complexity,
and that the latter is harder to resolve than the former. In terms of the gap difference,
they did not provide any explanation as to why SS (subject-gap RC) was easier to
comprehend than SO (object-gap RC).*

Overall, findings of some acquisition studies and studies with an adult population
(Abe et al. 1988, Sheldon 1976) point to a possible subject-gap advantage in left-
branching RCs (where no extraneous factors are involved) in head final languages.
However, all of these previous studies on Japanese RCs were based on offline
measurements. In order to test whether a subject-object gap asymmetry is in fact a result
of online processes of gap detection and filler-gap dependency resolution, it is necessary
to examine the time course of processing those sentences. If so, the difference should
appear at the position where the parser recognizes an RC structure and resolves a filler-
gap dependency.

In order to obtain more direct evidence for the online processing of gaps,
Nakamura (1999/2000) examined Japanese relative clauses in a word-by-word self-paced

reading experiment. The test sentences used in this study were comparable to those in

* In their second experiment, both matrix and embedded verbs were changed to ditransitive verbs.
Therefore, the test sentences had nine conditions — three gap positions (subject, direct object and indirect
object) crossed with three modifying positions (matrix subject, matrix direct object, and matrix indirect
object). However, since the authors did not treat gap as a single factor, the relative difficulty in terms of
gap positions is unknown. The authors also manipulated case marking on the head noun (nominative -ga vs.
topic -wa) in both experiments. They did not find any effect in the first experiment, whereas there was a
main effect of case marking in the second experiment. Relative clauses whose head nouns had a topic
marker were read faster than the sentences whose head nouns had a nominative marker. The authors
argued that -wa is easier since it only marks the matrix subject, while -ga can mark both the matrix and the
embedded subject.
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Abe et al. (1988) and Sheldon (1976) as in (34). Each sentence consisted of five words
and differed in terms of two factors — gap position and modifying position. As reported
in Abe et al. (1988), the OS type (NP-nom [NP-acc V] NP-nom) showed a strong garden-
path effect. Reading time of the head noun was much longer in the OS type (center-
embedded subject gap, mean = 1739ms) than in OO type (center-embedded object gap,
mean = 1336ms). This suggests that the Japanese readers initially interpreted the
sequence <NP-nom NP-acc V> as a simple clause, and was surprised at the appearance of
an unexpected noun. With regard to the gap effect, reading time of the head noun was
numerically longer in an object-gap RC (SO type, mean = 1336ms) than in a subject-gap
RC (SS type, mean = 1260ms), suggestive of a potential gap difference, but the
difference did not reach significance.*’ No gap difference was found in any other regions.
Aside from the gap difference, one interesting observation was that people spent more
time at the head noun of RCs of both SS and SO types. Given that the parser recognizes
an RC and forms a dependency at the head, the increased reading time at the head
position seems to reflect the processing cost associated with these two processes,
consistent with the scrambling results in Miyamoto and Takahashi (2002b).

Some methodological problems in Nakamura’s study need to be mentioned. First,
each sentence had a different set of lexical items. Without controlling lexical items, it is
difficult to determine whether the absence of a gap effect could truly reflect the nature of

the position of a gap or something else (e.g., lexical frequency and/or plausibility of a

7 In Kanno and Nakamura (2001), a similar pattern was obtained. There was no gap asymmetry for adult
native speakers of Japanese, although the subject-gap advantage was found for English native speakers
leaning Japanese as a second language.
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sentence). Second, as Nakamura pointed out, the test sentences may have been too easy
for any subtle gap effect (if one exists) to manifest itself in online processing by adult
native speakers. It was suggested that processing demands needed to be increased, such
as by inserting additional words or introducing an additional task.

To summarize, in contrast to overwhelming evidence for a preference for subject-
gap RCs over object-gap RCs in English, evidence for the subject-object asymmetry in
head-final languages is weak and less consistent. Subject gap RCs were found to be
easier than object-gap RCs in end-of-sentence comprehension questions (Abe et al. 1988)
and an offline sentence difficulty rating study (Sheldon 1976), while reading time results
did not reveal a reliable difference, as measured by total reading times (Abe et al. 1988)
or by word-by-word reading times (Nakamura 1999/2000). However, it seems too early
to conclude that there is no gap asymmetry in head-final languages. First, the offline
studies gave some evidence for the native speaker’s intuitive preference for subject-gap
RCs over object-gap RCs. Second, the reading studies outlined above may not constitute
strong evidence for the absence of asymmetry because of methodological problems (e.g.,
a confound of case marking on the head noun, no plausibility and lexical control, a
possible ceiling effect due to too easy experimental materials, etc.). A final conclusion
about this issue needs to wait for further studies that refine the methodology and

overcome the confounds of previous studies.

3.3 Conclusion
This chapter reviewed major findings and issues involved in studies of filler-gap
dependencies in English and Japanese. Despite the apparent typological differences
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between these two languages, empirical findings have shown that parsing proceeds
incrementally and filler-gap dependencies are processed in an efficient fashion guided by
the grammar of the language. For example, when the parser recognizes that a filler-gap
dependency must be formed, a gap is inserted at the earliest possible position in the
structure. In English, the presence of a wh-word in sentence initial position triggers an
expectation that a gap must be found in order to form a dependency. Then, a gap is
inserted as soon as a grammatically licensed gap position is reached (e.g., the subject or
direct object of a sentence). When an overt lexical item is found at that position,
processing speed slows down, reflecting the parser’s attempted reanalysis. In Japanese,
the parser actively uses the case marking information to build a structure and to form an
expectation about the upcoming words. Processing difficulty is observed at the earliest
point in a sentence at which the parser recognizes that a clause boundary is necessary, a
gap needs to be postulated, and/or a filler-gap dependency has to be formed.

Among the issues involved in the processing of filler-gap dependencies, there is
one issue for which Japanese lacks empirical evidence comparable to that of English.
Extensive research has shown that subject-gap RCs are easier to process than object-gap
RCs in English. However, the results of previous studies on this topic are far from
conclusive for Japanese, especially in the field of adult sentence processing. Although it
is possible that the lack of equivalent findings is attributed to syntactic differences in the
RC constructions between the two languages, the problem may lie in the methodologies

and the designs of the previous studies. The next two chapters will report on the studies
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in which subject-object gap asymmetry and some related issues are investigated in the

processing of Japanese RCs.
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CHAPTER 4

PROCESSING OF SINGLE-GAP RELATIVE CLAUSES

This chapter will report on two self-paced reading experiments that investigated
the processing of Japanese single-gap relative clauses (SGRCs)."® The primary goal of
the study was to collect empirical data on the issue of a subject-object gap asymmetry. In
particular, this study tested in Japanese the predictions of two distance metrics that have
been put forward to account for findings on English RCs.

The two distance metrics differ in terms of the way they define the length of a

dependency between gap and filler as shown in (1) and (2).

(1) The Linear Distance Hypothesis (Gibson 1998, 2000)

Count the number of words/new discourse referents intervening between gap and
filler. The more words intervening, the more difficult the processing.

2) The Structural Distance Hypothesis (O’Grady 1997:136)
A structure’s complexity increases with the number of XP categories (S, VP, etc.)
between a gap and the element with which it is associated.
In the case of English RCs, the subject gap is closer to the filler both linearly and
structurally. Therefore, these two metrics make the same prediction for English RCs,

namely, the ease of subject-gap RCs. However, the two metrics diverge in their

* SGRCs are those in which one of the argument positions (subject or direct object) of a transitive clause is
relativized. Throughout this dissertation, the terms subject-gap RC and object-gap RC are used to refer to
each type of RCs respectively.
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predictions for Japanese, a head-final language with a prenominal RC. Consider the

following Japanese RCs.*

(3)a. Subject-gap RC
[ipei [vpTaro-o  mita]] dansei;-ga basu-ni notta.
Taro-ACC saw man-NOM bus-to  got on
‘The man who saw Taro got on the bus.’
b. Object-gap RC
[ip Taro-ga [vp ei mita]] danseij-ga basu-ni notta.
Taro-NOM saw man-NOM bus-to got on
‘The man who Taro saw got on the bus.’
When the number of words is counted, there are two words (7aro-o and mita) intervening
between the subject gap and its filler, while only one word (mita) intervenes between the
object gap and its filler. Therefore, the Linear Distance Hypothesis predicts that object-
gap RCs are easier to process than subject-gap RCs in Japanese. On the other hand, when
structural distance is considered, the subject gap is closer to the filler than the object gap
since there is an extra VP node intervening between the object gap and filler. Therefore,
the Structural Distance Hypothesis predicts that subject-gap RCs are easier to process
than object-gap RCs not only in English but also in Japanese.
For both distance metrics, the predicted difference between subject-gap and

object-gap RCs is assumed to appear at the filler position. Recall that the filler is the

position at which the parser recognizes an RC structure and resolves the filler-gap

* As Japanese is very ambiguous, a sentence could be analyzed in more than one way. However, I assume
that the RC analysis given in (3a) and (3b) is the simplest analysis and the most plausible interpretation
without specific contexts.
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dependency. If there is a difference in processing cost associated with the type of RC, the
effect should appear at the head noun.

Since it is possible that the test sentences used in Experiment 1 are relatively easy
for adult native speakers of Japanese to process, a secondary task was administered
during half of the session for each participant.” In one condition — the single task
condition — the participant read the sentences silently. In another condition — the dual
task condition — the participant read the sentences while articulating a nonsense syllable
(ru or ne) loudly. Assuming that there is only a single resource pool available for
conducting various cognitive tasks (Just & Carpenter 1992), any additional task
concurrent with the primary processing task is assumed to compete for the limited set of
resources. Tasks such as remembering a string of digits or articulating nonsense syllables
have been found to impose an additional demand on working memory (Baddeley 1986).
Therefore, the dual task condition should tax the participants’ effective working memory
during processing, so that a possible ceiling effect due to relatively easy test sentences
will be avoidéd. In order to see whether the main effect of gap type (i.e., a subject-object
gap asymmetry) would be modulated by the reading task, Experiment 1 included both
single-task and dual-task conditions. If there was a subject-object gap difference, the
effect would appear in a more demanding task such as the dual task condition than under
less demanding conditions, or that the magnitude of the difference would become greater

in the dual task condition than in the single task condition.

%0 Recall that no asymmetry was found in Nakamura’s (1999/2000) processing study on Japanese relative
clauses. It was pointed out that the test sentences used may have been too easy for adult native speakers.
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Experiment 2 tested the effect of grammatical relation of the head noun on the
subject-object gap asymmetry. Previous studies on the processing of RCs have shown
that a match/mismatch of grammatical/case relations of gap and filler influences the
processing of RCs (MacWhinney 1977, MacWhinney 1982, MacWhinney & Pléh 1988,
Sheldon 1974, 1977, Sauerland & Gibson 1998). For example, Sheldon (1974) found
that young English-speaking children comprehended RCs better when the grammatical
function of gap and filler coincided (the parallel function strategy). MacWhinney’s
(1977) perspective shift argued that people make use of perspective when constructing an
interpretation of the clause in sentence. The starting point is the subject of the clause, and
shifting the perspective from the subject to another entity requires computational
resources. Therefore, a subject-gap RC modifying the matrix subject is the easiest to
process since there is no perspective shift required in the processing of this structure.
Sauerland and Gibson (1998) proposed the case-matching hypothesis which states that
RCs are preferably attached to NPs whose case matches that of the relative pronoun (cf.
Hemforth, Konieczny, Seelig, & Walter 2000).

In order to test this possibility, Experiment 2 manipulated the grammatical
relation of the head noun. The head noun of an RC had an either topic, nominative, or
accusative marker. If the gap asymmetry is independent of the grammatical relation of
the head noun within the matrix clause, the difference between a subject gap and an
object gap should appear consistently across the conditions. On the other hand, if the gap
asymmetry is modulated by the role of the head noun, there should be an interaction of

gap and grammatical relation. For example, the magnitude of the gap asymmetry could
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differ across conditions. A word-by-word self-paced reading task allowed us
examination of the time course of this match/mismatch effect and the strength of the

effect relative to that of a gap asymmetry.

4.1 Experiment 1

This experiment tested the predictions of two filler-gap distance metrics in the
processing of Japanese RCs. The Linear Distance Hypothesis (Gibson 1998, 2000)
predicts that object-gap RCs are easier to process than subject-gap RCs. The Structural
Distance Hypothesis (O’Grady 1997) predicts that subject-gap RCs are easier than
object-gap RCs. The critical region of comparison is the head noun of the RC, at which
the parser is assumed to recognize that an RC structure is involved and to resolve the
filler-gap dependency.

If there is a subject-object gap asymmetry, the effect is predicted to appear in the
more demanding condition (i.e., the dual-task condition) but not in the less demanding
condition (i.e., the single-task condition). Alternatively, it is predicted that the effect
might appear in both conditions, but that the magnitude would be greater in the dual task

condition than in the single task condition.

4.1.1 Method
4.1.1.1 Participants
Twenty-four native speakers of Japanese were paid for their participation in the

experiment. They were graduate students at the Nara Institute of Science and
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Technology (NAIST) in Japan and people from the surrounding community. All

participants had normal vision and were naive to the purpose of the experiment.

4.1.1.2 Materials
Thirty-two sets of test sentences were constructed for the experiment. Each set

contained two RCs that differed in gap position. An example is given in (4).

(4) a. Subject-gap relative clause

[rc €i toshiyori-no obaasan-o basutei-made miokutta] onnanoko;-wa
elderly-GEN old-woman-AcC bus-stop-to  walked  girl-ToP
nuigurumi-o daiteita.

stuffed-animal-AcCc  holding
"The girl who walked the old woman to the bus stop was holding a stuffed animal.'

b. Object-gap relative clause

[rc toshiyori-no obaasan-ga ei basutei-made miokutta] onnanoko;-wa
elderly-GEN old-woman-NOM bus-stop-to  walked girl-Top
nuigurumi-o daiteita.

stuffed-animal-AcC holding

"The girl who the old woman walked to the bus stop was holding a stuffed animal.’
In the subject gap condition, the filler onnanoko ‘the girl’ is associated with a gap in the
subject position of an RC, while in the object gap condition, the filler is associated with a
gap in the direct object position. The two sentences were identical except for the case
marking on the NP (‘elderly woman’) within the RC: the NP in a subject-gap RC has an
accusative marker (-0) and the NP in an object-gap RC has a nominative marker (-ga). In
both conditions, the RC modified the topicalized subject of the matrix clause, as indicated

by the topic marker -wa. The rest of the sentence consisted of the matrix object NP and
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the transitive predicate. The complete list of test sentences used in this experiment is
provided in Appendix D.

These thirty-two sets of test sentences were distributed into two lists (List A and
List B) using a Latin square method. In this way, each participant, who was assigned to
either one of the lists, read only one of the two conditions for each set, and overall read
the same number of sentences from each condition (i.e., 16 subject-gap RCs and 16
object-gap RCs per participant).

Each list was further divided into two blocks. Each participant read one of the
blocks under the single task condition and the other block under the dual task condition.
The assignment to a list and a block and the order of the tasks were counterbalanced

across participants. The following shows a summary of the lists prepared for the

experiment.
Table 4.1. Presentation Lists for Experiment 1.

List First session Second session
1 Dual task, List A (first block) Single task, List A (second block)
2 Dual task, List A (second block) Single task, List A (first block)
3 Single task, List A (first block) Dual task, List A (second block)
4 Single task List A (second block) Dual task, List A (first block)
5 Dual task, List B (first block) Single task, List B (second block)
6 Dual task, List B (second block) Single task, List B (first block)
7 Single task, List B (first block) Dual task, List B (second block)
8 Single task, List B (second block) Dual task, List B (first block)

Thirty-eight non-experimental sentences were added to each presentation list in a
pseudo-random order, so that at least one non-experimental sentence intervened between

any two test sentences. These non-experimental sentences were test sentences for other
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unrelated experiments and varied in terms of their structures, which included passive

sentences, sentences with scrambling, and RCs with attachment ambiguity.

4.1.1.3 Design

Experiment 1 was designed for a two-way ANOV A with repeated measures on
the two independent variables — the Task type and the RC type. The Task type had two
levels (single task and dual task) and the RC type had two levels (subject gap and object
gap), creating a total of four conditions for this experiment. Note that the order of a task
and the assignment to a list and a block were counterbalancing factors for the purpose of
controlling the potential ordering effect. Therefore, these factors were collapsed in
statistical analyses, maintaining only the two experimental factors (Task type and RC
type). The dependent variables in this experiment were response accuracy (%) to
comprehension questions and mean reading times at each region of a sentence (msec.).
See Section 4.1.1.6 for more detailed description of how to calculate each dependent

measure.

4.1.1.4 Pretest norming study 1

An offline survey was conducted in order to ensure that head nouns are equally
plausible as a subject or a direct object of the embedded clause. First, each RC was
transformed into a simple transitive sentence by placing the filler at its gap position
within the RC. Such a transformation was necessary in order to remove any effect
specific to the RC structure while preserving the propositional content and lexical items

of the RC. Second, because the subject of a sentence in Japanese is commonly marked
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not only with nominative -ga but also topic -wa, two versions were created with a
different marker on the subject. The following sentences illustrate the four conditions
crossing Marking on the subject NP (nominative vs. topic) and RC type prior to

transformation (subject-gap vs. object-gap).

(5)a. Simple sentence with nominative subject, transformed from a subject-gap RC

Onnanoko-ga toshiyori-no obaasan-o basutei-made miokutta.
girl-NoM old-GEN  old-woman-ACC bus-stop-to  walked
"The girl walked the old woman to the bus stop.'

b. Simple sentence with nominative subject, transformed from an object-gap RC
Toshiyori-no obaasan-ga onnanoko-o basutei-made miokutta.
old-GEN old-woman-NoM girl-ACC bus-stop-to  walked

"The old woman walked the girl to the bus stop.'

c. Simple sentence with topic subject, transformed from a subject-gap RC

Onnanoko-wa toshiyori-no obaasan-o basutei-made miokutta.
girl-ToP old-GEN old-woman-AcC bus-stop-to  walked
"The girl walked the old woman to the bus stop.'

d. Simple sentence with topic subject, transformed from an object-gap RC
Toshiyori-no obaasan-wa onnanoko-o basutei-made miokutta.
old-GEN old-woman-TOP girl-AcC bus-stop-to  walked
'The old woman walked the girl to the bus stop.'

Thirty-two sets of simple sentences were distributed to four presentation lists using a
Latin square procedure.
Thirty-two graduate students at NAIST, who were participants in an unrelated

online experiment, served as the participants for the survey. The survey involved a

pencil-and-paper questionnaire, consisting of one page of instructions and three pages of
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test items (10-11 sentences per page). The participants were asked to give each sentence
an intuitive judgment on a 5-point scale from 1 (very natural) to 5 (very unnatural)
according to how natural the meaning of each sentence was. All participants’ data were
used for data analysis.”"

Table 4.2 shows the mean naturalness score for each condition.

Table 4.2. Pretest 1: Mean naturalness scores (1: very natural ~ 5: very unnatural).

Nominative Topic

marked subject | marked subject
Subject gap (a) 1.89 (c) 1.59
Object gap (b) 1.77 (d) 1.66

A two-way ANOVA with repeated measures was performed, treating Marking on the
subject and RC type as within-participant (F;) variables. A separate two-way ANOVA
was also carried out, treating the two factors as within-item (F,) variables. There was a
significant main effect of Marking in both participant (F;(1,31)=7.519, p =.01) and item
(F2(1,31)=14.154, p =.001) analyses. That is, sentences with a nominative-marked
subject were consistently judged as less natural than those with a topic-marked subject.
Neither the RC type nor the interaction of Marking and RC type reached significance (RC
type: F1(1,31)=.222, p =.641; F»(1,31)=.079, p =.781; Interaction: F;(1,31)=3.149,
p=.086; F2(1,31)=2.304, p =.139).

It is not entirely clear why sentences with a nominative-marked subject were rated

as less natural than sentences with a topic-marked subject. It has been suggested that

3! The lists distributed to the first three participants contained only thirty test items (instead of 32 items).
The additional two test items were added to the lists starting with the fourth participant.
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nominative -ga is inherently more marked than topic -wa due to its multiple functionality
(e.g., Inoue 1991, Miyamoto 2002, Yamashita 1997). However, crucially, the absence of
a main effect of RC type confirmed that there was no plausibility difference between
sentences in the subject-gap condition and sentences in the object-gap condition. That is,
the head noun (e.g., onnanoko ‘girl’) was equally plausible as the subject and as the direct

object of the types of clauses tested.

4.1.1.5 Procedure

Experiment 1 used a word-by-word self-paced reading task with a non-cumulative
moving-window presentation (Just, Carpenter, & Woolley, 1982). It was controlled by
the software PsyScope (Cohen, MacWhinney, Flatt, & Provost, 1993) run on a Power
Macintosh computer. A button-box, connected to the computer, was used as an input and
timing device for the experiment.

Sentences were written in Japanese (kana and kanji) characters using 12-point
Osaka Toohaba font. Each sentence was segmented in such a way that the entire relative
clause was shown as a whole, followed by a word-by-word presentation of the rest of the
sentence. A ‘word’ in this experiment refers to a bunsetsu unit which consists of a
content word and a postposition or a case marker that is attached to the content word.
The presentation of the whole RC region was intended to reduce the processing difficulty
that was expected under the dual task condition. It was also intended to prevent
participants from pressing buttons in accordance with their articulation of a nonsense

syllable. The slashes in sentence (6) indicate the actual segmentation.
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(6) Subject-gap relative clause (repeated from (4a))

/ Toshiyori-no obaasan-o basutei-made miokutta / onnanoko-wa /
elderly-GEN old-woman-ACC bus-stop-to  walked  girl-TopP
nuigurumi-o / daiteita. /

stuffed-animal-Acc holding

"The girl who walked the old woman to the bus stop was holding a stuffed animal.’
The segmentation of non-experimental sentences was similar to that of test sentences.
Region 1 consisted of three to five bunsetsu units, which were presented as a whole, and
the rest of the sentence was presented in a word-by-word fashion. Note that the end of
Region 1 corresponded to the RC boundary in the test sentences but not in the non-
experimental sentences.

Each participant was tested individually in a quiet room. The reading task began
with the presentation of an entire sentence masked with dots. A group of dots
corresponded to each region of a sentence, and the boundary between regions was
indicated with a space. The participant’s first pressing one of the three buttons (i.e., the
leftmost button) on the button box replaced the dots of the first region with actual words,
while the rest of the sentence remained dot-masked. The subsequent button press
revealed the words of the second region, turning the words of the first region back into
dots. The participant continued this process until the end of a sentence, which was
marked by a period. When the participant finished reading the last word of a sentence,
s’he pressed the button again, and this triggered the presentation of a comprehension
question. The comprehension question asked about the content of either the relative
clause or the matrix clause of the sentence just read. The participant answered questions
by pressing either the middle button (if ‘yes’) or the rightmost button (if ‘no’). The
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number of correct ‘yes’ and ‘no’ answers was equal across experimental conditions, and
no feedback was given to the participant’s answer. The pressing of a button in response
to a comprehension question triggered the presentation of the next sentence.

In the single-task condition, the participant read sentences silently at a natural
speed and answered comprehension questions silently as well. In the dual-task condition,
the participant was asked to read sentences while articulating a syllable (ru or ne) loudly
altered for each sentence. It was emphasized that the articulation of a syllable should
start as soon as an entire dot-masked sentence appeared on the screen (before pressing
any button) and continue till the end of the sentence except for a short stop for the
purpose of breathing. When a comprehension question appeared, the participant was
instructed to stop articulating the syllable so that s/he could read and answer the question
silently.

All participants read sentences in both reading conditions. The order of reading
tasks was counterbalanced across lists, and the two reading sessions were separated by a
short break during which the participant was asked to fill out a demographic form. Each
reading session was preceded by a written instruction presented on the computer screen

and eight practice sentences.

4.1.1.6 Data analysis

The data from all twenty-four participants were used for the subsequent analysis.
This was justified based on the response accuracy to the end-of-sentence comprehension
questions, including both experimental and non-experimental sentences. The mean

response accuracy of all participants was 82.5% (ranging from 59.7% to 98.7%) under
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the dual-task condition, and was 89.0% (ranging from 69.1% to 98.7%) under the single-
task condition. Although response accuracy of some individuals was relatively low,
especially in the dual-task condition (e.g., 59.7% for one participant for the dual-task
condition), none of the participants’ mean accuracy (for both dual-task and single-task
conditions) went below 69.8%. The overall response accuracy of all participants for both
reading conditions was 85.7%.

Experiment 1 had two independent variables (Task type and RC type) and two
dependent variables (response accuracy to the end-of-sentence comprehension questions
and reading times). For response accuracy to the end-of-sentence comprehension
questions, each condition’s mean response accuracy (%) was calculated for each of the 24
participants. Then, these scores were thrown into a 2x2 ANOVA with repeated measures,
treating both Task type and RC type as within-participant variables (F;, participant
analysis). This was to examine how consistent the effects of the experimental factors
were across participants. Each condition’s mean response accuracy (%) was also
calculated for each of the 32 items. Then, a separate 2x2 ANOVA with repeated
measures was conducted, treating both Task type and RC type as within-item variables
(F», item analysis). This was aimed at examining the consistency of the effects across
items.

A similar procedure was conducted for reading times. The computer recorded the
interval of a participant’s button presses, which was defined as the reading time of each
region of a sentence. Each region-by-condition mean reading time was first calculated

for each participant (participant analysis). Then, a 2x2 ANOVA with repeated measures

85



was conducted for each region, treating Task type and RC type as within-participant
variables. Each region-by-condition mean reading time was also calculated for each item
(item analysis), and then thrown into a 2X2 ANOVA with repeated measures, treating
Task type and RC type as within-item variables. The critical region for comparison was
the head noun of the relative clause, at which point the parser was assumed to recognize
an RC structure and resolve the filler-gap dependency. No scores were eliminated from
the analysis. Thus, the reading times presented below are untrimmed, raw reading times
for each region.

For all two-way ANOV As, when the interaction of two factors reached
significance, subsequent analyses were conducted in order to examine the nature of the

interaction.

4.1.2 Results
4.1.2.1 Comprehension questions
Table 4.3 and Figure 4.1 show the mean response accuracy to the end-of-sentence
comprehension questions.
Table 4.3. Experiment 1: Mean response accuracy for comprehension questions.
Dual task Single task

Subject gap 88.2% 93.9%
Object gap 80.4% 88.8%
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Figure 4.1. Experiment 1: Mean response accuracy for comprehension questions.

The mean response accuracy was higher in the single task condition (mean 91.3%) than
in the dual task condition (mean is 84.3%), and the difference was significant for both the
participant (F;(1,23)=7.183, p =.013) and item (F»(1,31)=11.382, p =.002) analyses. The
correct response rate was also higher in the subject-gap condition (91.0%) than the
object-gap condition (84.6%), and the difference was reliable for the participant analysis
(F1(1,23)=18.543, p <.001) but only marginally significant for the item analysis
(F2(1,31)=3.845, p =.059). The interaction of the Task type and the RC type did not
reach significance (F1(1,23)=.300, p =.589; F»(1,31)=.474, p =.486). In sum, the results
of comprehension questions found an advantage of subject-gap RCs over object-gap RCs,

in both task types.
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4.1.2.2 Reading times
Table 4.4 shows the untrimmed mean reading times in milliseconds for each

region of the sentence.

Table 4.4. Experiment 1: Mean reading times (msec.).

Task RC type Region 1 | Region 2 | Region 3 | Region 4
(RC) (head) | (NP-acc) (verb)

Dual task Subject gap 3884 1135 947 918
Object gap 3687 1228 922 898

Single task | Subject gap 4034 1119 760 704
Object gap 4028 1452 746 772

The reading time for the RC region (region 1) was numerically faster for the dual
task condition than for the single task condition. The reading time was also numerically
faster for the object gap condition than for the subject gap condition. However, neither of
the main effects nor the interaction of Task type and RC type reached significance (Task
type: F1(1,23)=.747, p=.397; F2(1,31)=1.023, p=.320; RC type: F1(1,23)=.449, p=.509;
F2(1,31)=.285, p=.597; Interaction: (F;(1,23)=.198, p=.660; F»2(1,31)=.218, p=.644).
Therefore, only the reading times of the main clause region will be reported below.

Figure 4.2 shows the reading times of the main clause region (from region 2 to

region 4).
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Figure 4.2. Experiment 1: Mean reading times of the main clause region (msec.).

For the head noun (region 2), the reading time was shorter for subject-gap RCs
than for object-gap RCs, and the difference was statistically significant in both the
participant analysis (F1(1,23)=6.165, p =.021) and the item analysis (F2(1,31)=5.190, p
=.030). The main effect of Task type and the interaction of Task type and RC type did
not reach significance (Task: F;(1,23)=.678, p =.419; F»(1,31)=2.153, p =.152;
Interaction: F1(1,23)=3.241, p =.085; F»(1,31)=2.398, p =.132). The results suggest that
subject-gap RCs were consistently easier to process than object-gap RCs regardless of
task conditions.

For the following two regions (regions 3 and 4), only the main effect of Task type
was found to be significant, as demonstrated by the longer reading times for the dual task
condition than for the single task condition (Region 3: F1(1,23)=6.496, p =.018;
F»(1,31)=32.753, p <.001); Region 4: F(1,23)=5.863, p =.024; F»(1,31)=22.202, p <.001).
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Neither the RC type nor the interaction of Task type and RC type showed reliable
differences (Region 3, RC type: F1(1,23)=.420, p=.524; F»(1,31)=.490, p=.489;
Interaction: F;(1,23)=.034, p=.856; F»(1,31)=.015, p=.902; Region 4, RC type:
F1(1,23)=.559, p=.462; F5(1,31)=.593, p=.447, Interaction: F;(1,23)=2.340, p=.140;
F2(1,31)=1.011, p=.322).

In summary, Experiment 1 showed superior performance for subject-gap RCs
over object-gap RCs in both response accuracy to comprehension questions and reading
times. This pattern was consistent regardless of the task condition (single task or dual
task). Furthermore, as predicted, the gap difference appeared at the head noun of the RC.
The results were consistent with the prediction proposed by the Structural Distance

Hypothesis (O’Grady 1997).

4.1.3 Discussion

Experiment 1 investigated a subject-object gap asymmetry in the processing of
Japanese RCs with special focus on testing two distance metrics. The Linear Distance
Hypothesis predicted that object-gap RCs would be easier to process than subject-gap
RC:s since the object gap is linearly closer to the filler in Japanese. On the other hand, the
Structural Distance Hypothesis predicted that subject-gap RCs would be easier since the
subject position is higher than the direct object position in the tree structure and thus
structurally closer to the filler. The results of Experiment 1 support the Structural
Distance Hypothesis. In both response accuracy to comprehension questions and reading
time data, the performance on the subject-gap RC was superior to the performance on the

object-gap RC, whether participants read sentences with or without a concurrent task.
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Furthermore, the time course of reading suggested that the effect associated with
resolving a filler-gap dependency is immediate. The difference appeared at the head
noun of an RC, at which the parser is assumed to recognize the RC structure and resolve
the filler-gap dependency.

Experiment 1 also manipulated reading conditions by adding a concurrent task so
that the comprehension of a sentence becomes more demanding. In the single task
condition, participants read sentences silently, while in the dual task condition, they read
sentences while concurrently articulating a nonsense syllable. In general, the addition of
a secondary task led to weaker performance in reading. Response accuracy to the end-of-
sentence comprehension question was lower for the dual task than for the single task.
Reading times in the regions immediately following the head noun of an RC were longer
in the dual task condition than in the single task condition.

However, there were several findings that are not very clear. First, although the
difference was not statistically significant, the whole RC region (i.e., region 1) was read
faster in the dual task condition than in the single task condition. Given that performing a
secondary task is expected to increase the overall working memory demand during
processing, this result was counterintuitive. Second, there was no interaction of RC type
and Task type at the head noun. In other words, object-gap RCs were more difficult than
subject-gap RCs at the head, and the magnitude of the asymmetry was not statistically
different between the two reading conditions.

For the first finding (faster reading times in the RC region in the dual task

condition than in the single task condition), it is possible that because of the increased
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processing demand and less attentional resources, participants moved rather quickly
through the beginning of a sentence and started to conduct major structural analyses
toward the end of the sentence when sufficient information had accumulated. However,
by the time they reached the end, the information from earlier regions had begun to decay
and as a result the interpretation may not have been completed in all trials. Taken
together with the weaker comprehension accuracy in the dual task condition, the results
seem to indicate speed-accuracy trade-offs for the RC region — fast in performance and as
a result low in accuracy.

The second finding (the absence of Task typexRC type interaction at the head
noun) suggests that the effect of introducing an additional task and the effect of
processing gaps may be more or less independent from each other. One possibility is that
these effects tap different aspects of sentence comprehension. As reviewed in the
previous chapter, there is a general consensus among psycholinguists that sentence
comprehension involves two major tasks that consume working memory resources (e.g.,
Gibson 1998, Just & Carpenter1992) — performing symbolic computations (‘integration’)
and storing the partial products generated by computation (‘storage’). It may be the case
that introducing an extraneous task, such as articulating a nonsense syllable, has a greater
effect on the storage component than on the integration component of working memory,
making remembering and retrieving information more difficult during processing. In
contrast, processing gaps, which involves the identification of a gap and the resolution of
a filler-gap dependency, is primarily a computational operation, and thus less sensitive to

storage requirements.
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A relatively intact effect of a concurrent task on the processing of gaps in
Japanese may also be related to the fact that an RC structure is initially analyzed as a
simple clause and thus no prediction needs to be held in working memory. Therefore, the
integration process (i.e., the filler-gap dependency formation) that takes place at the head
noun does not need to be modulated by a storage demand that may have been
significantly affected by an additional task. Interestingly, it has been reported in English
that an external memory load factor, such as recalling final words of sentences presented
prior to the target sentencé, modulates the processing of gaps (e.g., King & Just 1991).
Since the early appearance of a filler triggers the prediction for a gap and the prediction is
held in memory until a gap is found, it is reasonable to assume that the processing of gaps
is affected by both the integration cost and the storage cost. However, further
investigation is needed in order to test exactly what component of sentence
comprehension is affected by different extraneous tasks.

To summarize, the results of Experiment 1 supported the Structural Distance
Hypothesis. However, there is an alternative explanation for a subject-gap preference
over an object gap. It has been reported that matching case/grammatical relations
between gap and filler facilitates the processing of RCs (e.g., Sauerland & Gibson 1998,
Sheldon 1974, 1977). In Experiment 1, the head noun of the RC had a topic marker.
Since the topic marker most commonly marks the subject of a sentence, this parallelism
may make the processing of subject-gap RCs easier. Experiment 2 examined in more
detail whether or not the subject gap advantage found in Experiment 1 was simply due to

the parallel function of gap and filler.
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4.2 Experiment 2

Experiment 2 was an extension of Experiment 1, designed to replicate the gap
asymmetry in a standard self-paced reading task. It was different from Experiment 1 in
the following respects. Experiment 1 found that the effect of introducing a concurrent
task is more or less independent from the effect of gap processing. Therefore, the task
factor (single vs. dual task conditions) was not used in Experiment 2. All sentences were
read silently. In addition, the RC portion of a sentence was presented one word at a time
in Experiment 2. This allowed us to examine in more detail the time course of processing
in the RC region.

In addition to the subject-object gap asymmetry, Experiment 2 examined the
effect of grammatical relations of the head noun by manipulating the markers on the head
noun — topic, nominative, and accusative.”® This was to test whether or not the subject
gap advantage found in Experiment 1 was due to the parallel function between a gap and
its filler. If a parallel relation between gap and filler is the key factor that determines the
processing difficulty of RCs, this predicts that RCs with parallel relations between gap
and filler will be easier to process than those with nonparallel relations between gap and
filler. Specifically, subject-gap RCs should be easier to process than object gap RCs

when the head noun has a nominative or topic marker. This would replicate Experiment

32 Note that the relationship between case relations and grammatical relations are not one-to-one. However,
I assume that case marking is the primary information source that indicates grammatical relations in
Japanese, and for most of the prototypical transitive verbs (such as those used in Experiment 2), the
nominative -ga marks the subject and the accusative -o marks the direct object of a sentence. It should also
be noted that topic is a discourse-related notion and that the topic marker itself does not specify any
grammatical relation of a sentence. Therefore the correlation between a topic-marked NP and its
grammatical function in a sentence needs to be investigated independently. Here, without any empirically
supported justification, I assume that a human animate, topic-marked NP that appears sentence initially
would be most naturally interpreted as the grammatical subject of a sentence.

94



1. More crucially, parallel function also predicts that object-gap RCs should be easier
than subject-gap RCs when the head noun is accusative-marked. A crossover pattern
across the head marking conditions, as indicated by an interaction of RC type and
Marking on the head noun, should be observed.

On the other hand, if the RC type (subject gap or object gap) is the only
significant factor that determines the processing difficulty of RCs, an asymmetry should
be observed regardless of the marking of the head noun. A main effect of RC type with
no interaction of RC type and Marking on the head noun would support this prediction.
In terms of relative difficulty of RCs, Experiment 2 provides another test of the
predictions of the two distance metrics — the Linear Distance Hypothesis and the
Structural Distance Hypothesis. Since neither of these hypotheses makes predictions
about the effect of grammatical relations of the head noun on RC processing, the same set

of predictions applied to Experiment 2 as described in Experiment 1.

4.2.1 Method
4.2.1.1 Participants

Twenty-eight native speakers of Japanese participated in the experiment. They
were graduate students at NAIST or people from the surrounding community. None of

them participated in Experiment 1 or knew the purpose of the experiment.

4.2.1.2 Materials
Test sentences were constructed based on the thirty-two sets of subject-gap and

object-gap RCs used for Experiment 1. For each of these RCs with the topic-marked
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head, two additional versions were created — a sentence involving a nominative-marked
head noun and a sentence involving an accusative-marked head noun. Crossing two main
factors, Marking on the head noun (topic, nominative, and accusative) and RC type

(subject-gap and object-gap), each set had the following six sentences types.

(7) a. Subject-gap RC with topic-marked head

[rc _ toshiyori-no obaasan-o basutei-made miokutta] onnanoko-wa
old-GEN old-woman-AcC bus-stop-to walked  girl-Top
nuigurumi-o daiteita.

stuffed-animal-Acc holding
"The girl who walked the old woman to the bus stop was holding a stuffed animal.’

b. Object-gap RC with topic-marked head

[rc Toshiyori-no obaasan-ga _  basutei-made miokutta] onnanoko-wa
old-GEN old-woman-NOM bus-stop-to  walked  girl-TOP
nuigurumi-o daiteita.

stuffed-animal-Acc holding
"The girl who the old woman walked to the bus stop was holding a stuffed animal.'

c. Subject-gap RC with nominative-marked head

[rc _ toshiyori-no obaasan-o basutei-made miokutta] onnanoko-ga
old-GEN  old-woman-AcC bus-stop-to  walked  girl-NOM
nuigurumi-o daiteita.

stuffed-animal-Acc holding
'The girl who walked the old woman to the bus stop was holding a stuffed animal.’

d. Object-gap RC with nominative-marked head

[rc Toshiyori-no obaasan-ga ~_ basutei-made miokutta] onnanoko-ga
old-GEN old-woman-NOM  bus-stop-to  walked girl-NoM
nuigurumi-o daiteita.

stuffed-animal-AcC holding
"The girl who the old woman walked to the bus stop was holding a stuffed animal.'
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e. Subject-gap RC with accusative-marked head
[rc _ toshiyori-no obaasan-o basutei-made miokutta] onnanoko-o
old-GEN old-woman-ACC bus-stop-to  walked girl-Acc
omawarisan-ga yobitometa.
policeman-NoM called-and-stopped
'A policeman stopped the girl who walked the old woman to the bus stop.
f. Object-gap RC with accusative-marked head
[rc Toshiyori-no obaasan-ga _  basutei-made miokutta] onnanoko-o
old-GEN old-woman-NOM  bus-stop-to  walked girl-acc
omawarisan-ga yobitometa.

policeman-NOM called-and-stopped

'A policeman stopped the girl who the old woman walked to the bus stop.’

Sentences (a), (c¢), and (e) were subject-gap RCs, and sentences (b), (d), and (f)
were object-gap RCs. Sentences (a) and (b) contained topic-marked head nouns.
Sentences (¢) and (d) contained nominative-marked head nouns. Sentences (e) and (f)
contained accusative-marked head nouns. Up to the head noun, all six sentences
involved identical lexical items except for the case marking (-0 vs. -ga) on the NPs within
the RC.

Lexical items following the head noun were identical between sentences with a
topic-marked (-wa) head and sentences with a nominative-marked (-ga) head. In both
types, the RC modified the subject of the matrix clause, and the rest of the sentence
consisted of the direct object and the predicate of the matrix clause. In the accusative-
marked condition, where the RC modified the fronted direct object of the matrix clause,
the rest of the sentence consisted of the subject and the predicate of the matrix clause.

Previous studies on scrambling in Japanese have shown that sentences with scrambled

constituents are associated with processing cost, presumably due to the resolution of a
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filler-gap dependency between the moved element and its gap (Mazuka, Itoh, Kondo
2002, Miyamoto & Takahashi 2002a,b). Therefore, it is possible that we would observe
some processing difficulty at the matrix subject in the accusative condition (e.g., (7¢) and
(79)), assuming that the parser recognizes the scrambling structure and resolves a
dependency at that position.

Of the 32 sets of test sentences used for Experiment 1, two sets were removed in
order to make six presentation lists. Those were the items whose scores in the pretest
norming survey in Experiment 1 showed the largest difference between the subject-gap
and the object-gap RC conditions within the nominative condition. This made the
plausibility scores between the subject-gap and object-gap conditions more similar for
Experiment 2 than for Experiment 1.

These 30 test sentences were distributed into six lists for presentation to
participants. Sixty non-experimental sentences were added to each list in a
pseudorandom manner, so that at least one filler sentence intervened between any two
test sentences. A complete list of test sentences used for Experiment 2 is provided in

Appendix E.

4.2.1.3 Design

Experiment 2 was designed for a two-way ANOVA with repeated measures on
both of the two independent variables — Marking on the head noun and RC type. The
first variable had three levels (topic vs. nominative vs. accusative) and the second
independent variable had two levels (subject gap vs. object gap), creating a total of six

conditions for the experiment. The dependent variables in this experiment were response
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accuracy (%) to the end-of-sentence comprehension questions and reading times for each

region of a sentence (msec.).

4.2.1.4 Procedure

Experiment 2 used a word-by-word self-paced reading task with non-cumulative
moving window presentation. The procedure was identical to that of Experiment 1
except that in Experiment 2 the RC region was read in a word-by-word fashion and there
was no secondary task concurrent with reading a sentence. All sentences were read

silently. The following shows the segmentation of a test sentence.

(8) Subject-gap relative clause with topic marked head noun

/ Toshiyori-no / obaasan-o  / basutei-made / miokutta / onnanoko-wa /

old-GEN  old-woman-AcC bus-stop-to  walked  girl-TOP

nuigurumi-o / daiteita. /

stuffed-animal-AcC holding

'The girl who walked the old woman to the bus stop was holding a stuffed animal.’
A comprehension question followed each sentence. The question asked about the content
of either the relative clause or the matrix clause of a sentence. The participant answered

the question by pressing the ‘yes’ or ‘no’ button on the button box. No feedback was

provided for participant responses.

4.2.1.5 Data analysis
Data from four participants were discarded because of their low response
accuracy (lower than 80%) on the end-of-sentence comprehension questions including

both test and non-experimental sentences. Thus, the results reported in the following
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section were based on the data from 24 participants. The overall mean response accuracy
was 90.2% (ranging from 81.5% to 96.9%) after the removal of the four participants’ data.

Experiment 2 had two independent variables — RC type (subject-gap vs. object-
gap) and Marking on the head noun (topic vs. nominative vs. accusative). The dependent
variables were the same as in Experiment 1 — mean response accuracy to end-of-sentence
comprehension questions and the reading time of each region of a sentence. For each
dependent measurement, two separate ANOV As with repeated measures were performed
— one with the participant analysis (F;) where the two independent factors were treated as
within-participant variables, and one with the item analysis (F,) where the two
independent factors were treated as within-item variables. When the interaction of
Marking on the head noun and RC type was found to be significant, subsequent analyses
were conducted in order to examine the nature of the interaction.

For reading times, the critical region of comparison was the head noun (i.e., the
filler) of the relative clause, at which point the parser is assumed to recognize the RC
structure and resolve a filler-gap dependency. No scores were eliminated from the
analysis. The reading time results shown below represent raw mean reading times for

each region.

4.2.2 Results
4.2.2.1 Comprehension questions
The mean percentage of correct responses to the end-of-sentence comprehension

questions is provided in Table 4.5 and Figure 4.3.
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Table 4.5. Experiment 2: Mean response accuracy for comprehension questions (%).

Case marking RC type Correct response (%)
Topic Subject gap 91.7
Object gap 92.5
Nominative Subject gap 89.2
Object gap 86.7
Accusative Subject gap 82.5
Object gap 80.0
96%
B3 Subject ga
92% ject gap | |
B Object gap
88%
84%
80%
76%
72%

Topic Nominative Accusative

Figure 4.3. Experiment 2: Mean response accuracy for comprehension questions (%o).

There was a significant main effect of Marking on the head (F,(2,46)=6.916, p =.002;
F2(2,58)=5.207, p =.008). Bonferroni pairwise comparisons found that the topic
condition was comprehended significantly better than the accusative condition (p; =.011,
p2 =.011), but none of the other pairs (the topic vs. the nominative, the nominative vs.
accusative) differed from each other. There was no main effect of RC type
(F1(1,23)=.235, p =.632; F»(1,29)=.205, p =.654) nor an interaction of RC type and Case
marking (F(2,46)=.182, p =.834; F»(2,58)=.202, p =.817).

101



In sum, unlike Experiment 1 in which subject-gap RCs were comprehended better
than object-gap RCs, the results of response accuracy in Experiment 2 did not show a gap
difference. Considering the similarity of the test sentences, these inconsistent results
between the two experiments are puzzling. However, comprehension accuracy can be
influenced by not only the processing difficulty manifested at a particular region of a
sentence, but also some other factors, such as overall reading speed, segmentation of a
sentence, other experimental factors manipulated in an experiment, and so forth.

Therefore, it is necessary to look at the local reading times of a sentence.

4.2.2.2 Reading times
Table 4.6 and Figure 4.4 present the mean reading time in milliseconds by region

and condition.

Table 4.6. Experiment 2: Mean reading times (msec.).

Case RC type W1 w2 W3 W4 W5 W6 W7
marking [NP-gen | NP Loc V] Head | NP \
Topic Subject gap | 776 811 855 905 913 640 907

Object gap 933 876 1061 926 1265 793 944

Nominative | Subject gap | 831 859 881 973 1032 706 1099

Object gap 798 938 851 984 1582 | 807 1334

Accusative | Subjectgap | 821 929 888 845 1103 892 1210

Objectgap | 780 | 874 | 815 | 870 | 1191 | 9838 | 1586
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Figure 4.4. Experiment 2: Mean reading times (msec.).

Within the RC region (from region 1 to region 4), there was an interaction of
Marking on the head and RC type in region 1 (a modifier ‘elderly’) and region 3 (a
locative phrase ‘to the bus stop’). In both regions, the interaction was significant only
with the item analysis (Region 1: F(2,46)=2.001, p=.147; F2(2,58)=3.611, p =.033;
Region 3: F1(2,46)=2.668, p =.080; F»(2,58)=3.356, p =.042). A close examination of
reading times showed that in both regions, an object-gap RC with a topic-marked head
noun yielded longer reading times than other conditions. However, these seemed to be
chance differences. In region 1, the lexical item was identical across all six conditions. |
Therefore, there was no way for the reader to distinguish the object-gap topic condition

from the other conditions. Similarly, at region 3, all three object-gap conditions shared
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the same lexical items from the beginning of the sentence through this region
(elderly/woman-nom/to-bus-stop). Therefore, it is unlikely that only the topic condition
was read in some consistently different manner from the other two conditions. Other
than these interactions, there was no significant effect (p>.1) in the RC region (region 1
through region 4).

Figure 4.5 below presents the reading times at the head noun (region 5).
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1500 JeCt £5P
S M Object gap
£ 1300
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&
s 900
2
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500
Topic Nominative Accusative

Figure 4.5. Experiment 2: Mean reading times at region 5 (msec.)

There was a robust main effect of RC type (F1(1,23)=25.023, p <.001; F»(1,29)=13.348,
p =.001), a main effect of Marking on the head (F(2,46)=3.496, p =.039; F»(2,58)=5.021,

p =.01), and an interaction of RC type and Marking on the head (F;(2,46)=6.246, p =.004;
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F,(2,58)=5.709, p =.005).> In terms of the RC type, object-gap RCs were read more
slowly than subject-gap RCs. As for head marking, the nominative condition took longer
than the topic condition. Most of all, the presence of an interaction suggests that the
effect of RC type is not uniform across the three case-marking conditions.

The interaction seems to be due to the processing difficulty of an object-gap RC
when the head noun had a nominative marker. This observation was confirmed by the
results of one-way ANOV As with repeated measures on Marking on the head noun.
There was no difference across the subject-gap conditions (F;(2,46)=2.198, p =.123;
F2(2,58)=2.583, p =.084), whereas there was a significant difference across the object-
gap conditions (F1(2, 46)=5.839, p =.005; F(2, 58)=6.948, p =.002). Bonferroni pairwise
comparisons found that in the object-gap condition, the nominative-marked head was
read significantly more slowly than the topic-marked head (p; =.02, p,=.02) and the
accusative-marked head (p;=.016, p2 =.004). There was no difference between the topic-
marked head and the accusative-marked head (p = 1).

To summarize the reading time results at the head noun, some sort of a mismatch
effect between the grammatical relations of gap and filler seems to play a role in the
processing of Japanese RCs. However, the significant main effect of RC type and the

overall reading time differences across conditions (as shown in the above figure) suggest

33 A statistical note: When the analysis included List as a between-subject variable in addition to the two
within-participant variables (RC type and Marking on the head noun), the three-way interaction was found
to be significant. There is no explanation for this interaction, although this seems to be due to a difference
among participants who were randomly assigned to each list rather than differences among items. A larger
number of participants in each list, trimming the reading time data, and controlling the frequency of the
lexical items in the critical region may be able to avoid this sort of problem in future studies.
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that there is a subject gap advantage over an object gap beyond relational matches and
mismatches.

In the following two regions, at the NP following the head noun and the sentence-
final predicate, the interaction of RC type and Marking on the head noun disappeared
(region 6: F1(2,46)=.187, p =.830; F2(2,58)=.202, p=.818; region 7: F1(2,46)=2.586, p
=.086; F»(2,58)=1.694, p =.193). In region 6, both RC type and Case marking were
significant (RC type: F1(1,23)=5.619, p =.027; F»(1,29)=7.032, p =.013; Case:
F1(2,46)=7.106, p =.002; F»(2,58)=10.865, p <.001). The same held true for region 7
(RC type: F1(1,23)=9.522, p =.005; F2(1,29)=5.058, p <.032; Case: F1(2,46)=10.877, p
<.001; F2(2,58)=11.064, p <.001).

Figure 4.6 shows the reading times for region 6.
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Figure 4.6. Experiment 2: Mean reading times at region 6 (msec.).
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Subject-gap RCs were read consistently faster than object-gap RCs. With regard to
Marking on the head noun, Bonferroni pairwise comparisons found that the accusative
condition was significantly longer than the topic condition (p; =.004; p, =.002) and the
nominative condition (p; =.019; p, =.007). There was no difference between the topic
and nominative conditions (p; = 1; p2 =.935). One possible explanation for the difficulty
involved in the accusative condition may be the cost associated with scrambling as

described earlier. A sample sentence in this condition (sentence (7e)) is repeated here as

-

9) Subject-gap RC with accusative-marked head

[rc _ toshiyori-no obaasan-o basutei-made miokutta] onnanoko-o

old-GEN old-woman-AcCC bus-stop-to  walked girl-Acc

omawarisan-ga yobitometa.

policeman-NOM called-and-stopped

'A policeman stopped the girl who walked the old woman to the bus stop.'
In this sentence, the direct object of the matrix clause onnanoko-o (‘girl-Acc’) has been
preposed in front of the matrix subject omawarisan-ga (‘policeman-NoM’). As reviewed
in chapter 3, scrambled sentences have shown to be more difficult to process than their
corresponding non-scrambled sentences (Mazuka, Itoh, & Kondo 2002, Miyamoto &
Takahashi 2002a,b). Assuming that scrambled sentences involve a gap created by
movement of the direct object, the longer reading time at the nominative-marked NP

‘policeman’ in this sentence is likely due to the extra processing cost associated with the

filler-gap dependency created by scrambling. See also the discussion section of
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Experiment 2 for another possibility, an inherent difficulty of nominative case in
Japanese (e.g., Inoue 1991, Miyamoto 2002, Uehara 1997).

Figure 4.7 presents the reading times at region 7, the sentence-final predicate.
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Figure 4.7. Experiment 2: Mean reading times at region 7 (msec.).

Similar to region 6, subject-gap RCs were read significantly faster than object-gap RCs
regardless of the marking on the head. Bonferroni pairwise comparisons of three
marking conditions found that the topic condition was significantly faster than the
nominative condition (p;<.001; p,=.018) and the accusative condition (p;=.002; p,<.001).
There was no difference between the nominative and accusative conditions (p;=395;
p>=-238).

The superior performance of the topic condition was very similar to the pattern

found for end-of-sentence comprehension questions (shown in Table 4.5 and Figure 4.3).
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The sentence-final region is known to be the place where sentence wrap-up takes place.
That is, the parser integrates all information and completes the analysis of a sentence to
reach its final interpretation. Therefore, it makes sense to find parallelism between the
time the parser spent wrapping up a sentence and the overall comprehension accuracy of
a sentence. Although it is not clear exactly what made the topic construction so easy to
process, the superiority of the topic case condition is consistent with a general view that

topic marker is less marked than other case markers. (See the discussion below.)

4.2.3 Discussion

The aim of Experiment 2 was to test the possibility that the subject gap advantage
found in Experiment 1 may be due to the parallel relation between a gap and its filler.
The results of Experiment 2 did not fully support this hypothesis. Object-gap RCs were
almost as easy as subject-gap RCs when the head noun had an accusative marker.
Crucially, however, they never became ‘easier’ than subject-gap RCs in this condition as
well as in any other conditions, suggesting that there is an inherent difficulty in object-
gap RCs compared to subject-gap RCs. Furthermore, when the head region was passed, a
consistent subject gap advantage emerged and remained until the end of a sentence.

The overall results are consistent with the Structural Distance Hypothesis
(O’Grady 1997). According to this hypothesis, subject-gap RCs are computationally
advantaged because a subject gap is structurally higher and thus closer to the filler.
Experiment 2 demonstrated that although the reading time of the head noun region was
temporarily affected by the marking on the head, subject-gap RCs were overall easier
than object-gap RCs.
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In addition to these major findings, Experiment 2 had two interesting observations
with regard to the marking of the head noun. First, among the three markers on the head
noun, the topic condition produced superior performance to other conditions, in particular
compared to the accusative condition. Its advantage (in relation to the accusative marker)
was found in the response accuracy to the end-of-sentence comprehension question and
in the reading time of both the sentence-penultimate NP (region 6) and the sentence-final
predicate (region 7). Second, the nominative-marked head noun seemed to make the
processing of object-gap RCs particularly difficult, as demonstrated by a significant
interaction of Marking on the head noun and RC type at the head noun region. This
could be partially explained by the relation mismatch between a gap and its filler, but a
question still remains as to why the effect of relation mismatch is much more prominent
in object-gap RCs than in subject-gap RCs.

Numerous studies have reported that there are some inherent differences among
postpositions (case markers and topic marker). For example, in self-paced reading
experiments, a second nominative marked NP was read more slowly than a
corresponding non-nominative marked second NP (Mazuka, Ito, & Kondo 2000,
Miyamoto 2002, Yamashita 1997). When the overall reading time was compared,
sentences with a topic-marked subject were read faster than sentences with a nominative-
marked subject (Abe, Hatasa, & Cowan 1988). M. Inoue (1991, cited in Miyamoto 2002)
found that reanalysis was easier when involving a topic-marked subject over a

nominative-marked subject. The pretest norming study reported in Experiment 1 of the
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present study also found that simple sentences with a topic-marked subject were rated as
more natural than sentences with a nominative-marked subject.

The marked behavior of -ga is said to be due to its inherently complex discourse,
syntactic, and semantic properties. First, in addition to its neutral descriptive
interpretation, the nominative marker -ga has an “exhaustive-listing” sense (‘X, and only
X?) which selects a specific entity out of the current discourse (Kuno 1973:38). Second,
the nominative case -ga can mark not only the subject of a matrix clause but also the
subject of an embedded clause. In this sense, -ga is more ambiguous than the topic case
-wa, which only appears in matrix clauses. Third, the nominative-marked NP often
introduces a clause boundary (Inoue 1991, Miyamoto 2002, Yamashita 1997). It is the
first case-marked element in a canonical sentence in Japanese. It cannot be scrambled,
and the absence of a morphosyntactic device that explicitly marks the beginning of an
embedded clause will make it a potentially strong processing cue that indicates the
presence of a clause boundary (Miyamoto 2002).>* Finally, the processing difficulty
associated with a nominative-marked head noun in an object-gap RC may simply be due
to the occurrence of several NP with identical case. Consider the following object-gap

RC (7d), repeated as (10) for convenience.

** There may be prosodic cues that indicate a clause boundary in spoken language.
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(10)  Object-gap RC with nominative-marked head

[rc Toshiyori-no obaasan-ga ~_ basutei-made miokutta] onnanoko-ga
old-GEN old-woman-NOM  bus-stop-to  walked  girl-NoMm
nuigurumi-o daiteita.

stuffed-animal-Acc holding

‘The girl that the old woman walked to the bus stop was holding a stuffed-

animal.’

It has been suggested that repetition of categories causes some similarity-based
interference and incurs some processing cost (Gordon, Hendrick, Johnson 2001, Lewis &
Nakayama 2002, Uehara 1997). Thus, it is possible that the second nominative-marked
‘girl’ receives interference from the previous nominative-marked NP ‘old woman’.
However, a mere repetition of similarly marked NPs cannot be the sole explanation for
the difficulty of sentence (10). The repetition of an accusative-marked NP in the subject-
gap RC with an accusative-marked filler did not produce a similar degree of difficulty.

In summary, the multi-functional nature of a nominative case marker seems to
make a sentence more ambiguous and make the processing more difficult. However, this
does not explain the whole interaction pattern that we observed at the head noun. In the
reminder of this section, I will discuss a possible explanation for this problem.

At the head noun of an RC, the parser is assumed to carry out two major
integrations — associating the filler with a gap within the RC for the purpose of licensing
an RC and identifying the grammatical relation of the head noun within the matrix clause.
It seems that when the grammatical relation of the head noun is identical or similar to the
grammatical relation of the gap, the role identification of the head noun is facilitated and

thus requires no additional cost. Therefore, what is manifested in the relation matched
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conditions (i.e., a subject-gap RC with the nominative-marked head and an object-gap
RC with the accusative-marked head) is the inherent processing cost associated with
different gaps. That is, resolving a filler-gap dependency with a subject gap is
computationally easier than resolving a dependency with an object gap.

When the grammatical relation of the head noun differs from that of the gap, on
the other hand, the role identification process of the head noun seems to become more
costly, requiring additional computational resources. This could be due to the
interference from the role of the gap or due to the difficulty involved in the different role
assignments (e.g., King & Just 1991). Accordingly, the resolution of a filler-gap
dependency will be more difficult because the amount of resources available for this
computation decreases. Furthermore, it seems that the effect of relation mismatch may
have a greater impact on the processing of object-gap RCs than on the processing of
subject-gap RCs. Assuming that there is a single pool of computational resources (Just &
Carpenter 1992), the amount of resources available for a computational task depends on
the amount of resources that other tasks consume. Computing two difficult tasks
simultaneously (e.g., processing object-gap RC and assigning the non-object role to the
head noun) taxes the memory system most, and therefore, the greatest processing
difficulty should be observed. When computing only one difficult task while the other
tasks do not add to the cost, such as in the case of an object-gap RC with an accusative-
marked filler, processing may not be impeded as long as a sufficient amount of resources
is available. When processing subject-gap RCs, which is computationally less

demanding, the influence from other computational tasks should be minimal.
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In conclusion, Experiment 2 examined the effect of relation match/mismatch
between gap and filler on the processing of subject-gap and object-gap RCs. The overall
results replicated a processing advantage of subject-gap RCs over object-gap RCs. The
grammatical relation of the head noun was found to temporarily modulate the processing
of gaps. However, the inherent processing difficulty involved in object-gap RCs was still
observed, and a consistent subject gap advantage emerged as soon as the head noun
region was passed. Overall, Experiment 2 provided additional evidence that supports the

prediction of the Structural Distance Hypothesis for head-final languages.

4.3 General discussion
4.3.1 Summary of findings

This chapter reported the results of two self-paced experiments that examined the
online processing of filler-gap dependencies in Japanese. The goal of the study was to
collect empirical evidence on the issue of a subject-object asymmetry in a head-final
language. In particular, the study tested two different hypotheses (the Linear Distance
Hypothesis and the Structural Distance Hypothesis) that have been put forward to
account for the ease of subject-gap RCs in English and other SVO languages.

The rationale for investigating Japanese RCs comes from their apparent
typological and processing differences from those of English RCs. Typologically,
Japanese is a head final language, thus an RC precedes its head noun. It lacks relative
pronouns (e.g., who, whom, whose in English), and there is no formal distinction between

predicates in a matrix clause and those in an embedded clause. It is also a pro drop
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language in which any argument of a predicate can be freely dropped without violating
grammaticality.

These typological properties of Japanese RCs create a very different processing
profile from that of English RCs. In English, the detection of an RC construction is made
relatively early in a sentence, for example, through the presence of a relative pronoun or a
complementizer (that). As soon as an RC is recognized, the parser predicts a gap because
a filler-gap dependency must be resolved for the RC to be properly interpreted. The
prediction is held in working memory until a gap is found. The farther the gap is from
the filler, the greater the processing cost, since keeping the prediction longer and
reactivating the filler at the gap site consumes more cognitive resources (e.g., Gibson
1998, 2000). In Japanese, on the other hand, an RC is initially analyzed as a simple
clause with a missing argument. Since the missing element is not yet recognized as an
RC gap, no prediction is made for the filler. It is only when a noun appears at the
position following the verb that the parser recognizes an RC structure and looks for a gap
for the filler. That is, the detection of an RC, the identification of an RC gap, and the
resolution of a filler-gap dependency take place simultaneously at the head noun in
Japanese.

These typological and processing differences between the two languages make the

investigation of Japanese filler-gap dependencies very interesting. First, a commonly

%> Whether or not a sentence with a gap is always analyzed as a simple clause with a missing argument
needs to be investigated independently. For example, as Mazuka, Itoh, and Kondo (2002) mention, the
occurrence of an NP-acc at the beginning of a sentence has more than one structural possibility — a simple
clause with a missing argument, scrambling, an RC construction, etc. However, it is commonly assumed
that a simple clause analysis is preferred over the others because argument drop is more frequent and it is
the simplest structure.
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assumed distance metric for English RCs (i.e., linear distance) makes the opposite
prediction for Japanese RCs. It predicts that object-gap RCs should be easier to process
than subject-gap RCs since an object gap is closer to the filler in linear terms. Second,
this prediction is not consistent with previous findings on Japanese RCs. Although the
amount of evidence is much smaller than for English and although there are some
methodological problems in some of the previous studies, evidence suggests that
Japanese-speaking children and adults find subject-gap RCs easier to comprehend than
object-gap RCs (Abe et al. 1988, O’Grady, Yamashita, Lee, Choo, & Cho 2002, Sheldon
1976). Third, in English RCs, the two distance metrics — linear distance and structural
distance — are confounded. However, these two metrics make distinct predictions for
Japanese RCs: the former predicts an object gap advantage, while the latter predicts a
subject gap advantage. All these facts about Japanese RCs suggest that evidence from
Japanese, if collected in a carefully controlled manner, will make a meaningful
contribution to the study of human sentence processing.

This chapter reported two self-paced reading experiments. In Experiment 1, the
processing of subj ecf-gap and object-gap RCs was tested in two different reading
cqnditions —reading with and without a concurrent task. The concurrent task
(articulating a nonsense syllable) was intended to reduce effective working memory
during processing so that a ceiling effect due to the relative ease of the test sentences
would be avoided. The experiment found a significant processing advantage for subject-

gap RCs in both reading conditions. Furthermore, the gap difference appeared at the

116



head noun of the RC. There was no equivalent difference within the RC region and the
regions following the head noun.

Experiment 2 provided additional support for the subject gap advantage found in
Experiment 1. Varying the marker on the head noun (topic, nominative, and accusative)
did change the size of the gap asymmetry such that the nominative-marked head noun
made the processing of object-gap RCs even more difficult. However, the marking on
the head noun never reversed the gap asymmetry, and a consistent subject-gap advantage
emerged when the head noun region was passed and remained till the end of a sentence.

In sum, the following conclusions can be drawn from the present study. First,
despite apparent typological differences, adult native speakers of Japanese were similar to
the speakers of other languages. They found subject-gap RCs easier to process than
object-gap RCs. As expected for an incremental parser for Japanese, a filler-gap
dependency is resolved at the earliest point in the parse where it is certain that an RC
structure is being processed. Recall that prior to the head noun, an RC is analyzed as a
simple clause with a missing argument. In Japanese, the head noun of the RC is the first
point that the parser becomes sure about an RC structure. In single-gap RCs, the position
of a gap can be identified prior to encountering the head noun on the basis of the case
marking on the NP within the RC and the argument structure of the embedded verb.
Since there is only one gap in the RC and there is little ambiguity in terms of the position
of the gap, the dependency can be resolved immediately at the head noun. As a result, a
computational effect — a subject-object gap asymmetry — emerges. (See chapter 5 for

cases where there is ambiguity in dependency resolution between gap and filler.)
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Second, a subject gap advantage in Japanese is consistent with the prediction
proposed by the Structural Distance Hypothesis (O’Grady 1997). Under this hypothesis,
the resolution of a filler-gap dependency is assumed to involve a computational operation
on syntactic structure. Since a subject gap is structurally higher and thus closer to the
filler, the resolution of a dependency with a subject gap is computationally less costly
than with an object gap, which is more deeply embedded in the structure.

Empirical support obtained from Japanese for the Structural Distance Hypothesis
has important implications. The hypothesis can account not only for findings from
Japanese but also for findings from English and other European languages. Note that a
hierarchical structure in which the subject is higher than the direct object is assumed by
most contemporary syntactic theories. Therefore, regardless of the position of a head
element relative to its dependent, a crosslinguistic advantage for subject-gap RCs is
predicted. Although a subject-object gap asymmetry needs to be tested in more
typologically diverse languages, the Structural Distance Hypothesis can be considered as
an alternative that can account for a widely attested subject-gap advantage across

languages.™

% Chinese (a SVO head-initial language with prenominal RCs) is another good test case to tease apart the
linear and structural distance metrics. Self-paced reading studies conducted by Hsiao and Gibson (2003)
found a processing advantage for object-gap RCs. It was also reported that Mandarin/Cantonese aphasic
patients preferred object-gap RCs (Grodzinsky 2000, Law & Leung 2000). These findings may constitute
counter-evidence to the prediction of the Structural Distance Hypothesis. However, a close examination of
the reading profile in Hsiao and Gibson’s study shows that the difficulty associated with subject-gap RCs
appeared within the RC region. There was no gap difference found at the head noun. This suggests that
the difficulty is not due to a computational demand associated with the resolution of a filler-gap
dependency, but due to a storage-related demand (i.e., holding predictions in working memory). At this
point, I have no explanation as to why the resolution of a dependency does not incur integration cost in
Chinese. It may be the case that the storage-related advantage favoring the object-gap RC is so large that
the effect of the integration cost cannot be detected at the head noun.

118



4.3.2 Thematic constraints

There is yet another issue that deserves special attention in the discussion of a
subject-object asymmetry in Japanese RCs. It has been pointed out that Japanese RCs
have a number of peculiar properties that English RCs do not share (e.g., Kuno 1973).”
Observing a strong parallelism between the topic construction and the RC construction,
Kuno argued that Japanese RCs are licensed by the same semantic principle that licenses

the topic construction.

(11)  Aboutness relation [Kuno, 1973: 253fn, Kuno, 1976: 4207

A relative clause must be a statement about its head noun.

According to this principle, the degree of sentence acceptability depends on how easily a
head noun is interpreted as the topic of an RC (Kuno, 1976: 425). For example, the
subject of a sentence is, in general, easier to relativize than the object of a sentence, since
the subject is more topical than the direct object.” Hence, this constraint would imply
that the subject gap advantage found in Experiment 1 and 2 is simply due to semantic
reasons, i.e., the thematic interpretability of NPs.

The aboutness relation as a licensing condition for Japanese RCs is compatible

with a number of structural analyses that assume that Japanese RCs involve a base-

57 For example, a pronoun can appear in the position that corresponds to a gap in an RC. Japanese also
permits relativizations whose equivalent English relativization is not grammatical. Furthermore, there are
cases where the head noun of an RC finds no corresponding position in an RC, known as gapless RCs.

%8 Kuno (1976) used the term ‘the thematic constraint’ for this condition. However, in this dissertation, it is
referred to as ‘aboutness relation’ or ‘aboutness condition’ as commonly used by most linguists.

% Kuno argues that the NP accessibility hierarchy for relativization proposed by Keenan and Comrie
(1977) is in fact a hierarchy for accessibility to thematic interpretation of NPs (Kuno, 1976:427).
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generated null pronominal (i.e., pro in Government and Binding theory, Chomsky 1981,
1982).%° If a gap in Japanese RCs is a pro, which is not created by a movement operation,
the association of a gap with its filler does not need to be constrained by a structural
factor. It is simply an anaphoric process such as for a pronoun and its antecedent.' Then,
the filler-gap association is a matter of finding a prominent or salient entity in a sentence

or discourse (Keenan & Comrie 1977, Kuno 1973).

4.3.2.1 Offline survey on thematic constraint

A preliminary offline survey was conducted in order to examine thematic
constraints on the RCs that were used in the self-paced experiments of the present study.
Assuming a parallelism between RCs and their corresponding topic sentences as
proposed by Kuno, it tested whether topic sentences corresponding to subject-gap RCs
are rated as more natural than topic sentences corresponding to object-gap RCs.

Twenty-nine undergraduate students at Kyoto Sangyo University in Japan
participated in the survey for non-monetary compensation. Test materials were the
thirty-two sets of RCs that were used in Experiment 1. They were transformed into

corresponding topic sentences. Sentences (4a) and (4b), repeated here as (12a) and (12b),

 Such analyses are assumed by a number of scholars, such as Haig (1979, 1996, 2000), Hoji (1985), Kuno
(1973, 1976), Mihara (1994), Murasugi (2000a,b), Nakamura (1986-7), Perimutter (1972), Rizzi (1986),
Saito (1985), Takano (1989). Note that a pro analysis sharply contrasts with the movement analysis of RCs
that is commonly assumed for English RCs.

8! There is a view that the interpretation of plain pronouns is resolved on pragmatic basis (O’Grady 2001:9,
and references therein). A pronoun can have a broader range of antecedents, which are not constrained by
locality. It can also be used deictically. The fact that reflexive pronouns are used in the very restrictive
case of anaphoric expressions is informative enough for the parser to resolve plain pronouns pragmatically.
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are original RCs, and sentences (13a) and (13b) are equivalent topic sentences

respectively.

(12) a.

(13) a.

Subject-gap RC

[rc ei toshiyori-no obaasan-o basutei-made miokutta] onnanoko;-wa
elderly-GEN old-woman-ACC bus-stop-to  walked girl-TopP
nuigurumi-o daiteita.

stuffed-animal-AcCc holding
"The girl who walked the old woman to the bus stop was holding a stuffed animal.’

Object-gap RC

[rc Toshiyori-no obaasan-ga e; basutei-made miokutta] onnanoko-wa
elderly-GEN old-woman-NOM bus-stop-to  walked girl-ToP
nuigurumi-o daiteita.

stuffed-animal-acc holding
"The girl who the old woman walked to the bus stop was holding a stuffed animal.'

Topic sentence corresponding to a subject-gap RC (subject topic)
Onnanokoj-wa [s ¢; toshiyori-no obaasan-o basutei-made miokutta]

girl-Top old-GEN old-woman-AcC bus-stop-to  walked
'As for the girl, she walked the old woman to the bus stop.'

. Topic sentence corresponding to an object-gap RC (object topic)

Onnanokoi-wa [ toshiyori-no obaasan-ga e; basutei-made miokutta]
girl-ToP old-GEN  old-woman-NOM  bus-stop-to  walked
'As for the girl, the old woman walked her to the bus stop.'

These topic sentences were assigned to one of two presentation lists by using a

Latin Square design.”* The survey was conducted in a university classroom using a

pencil-and-paper questionnaire. Participants were asked to rate the naturalness of each

62 This offline survey was combined with another survey which examined the topic versions of double-gap
relative clauses. With thirty-two sets of single-gap sentences and twenty-four sets of double-gap sentences,

each list

thus contained 56 sentences.

121



sentence on a 5-point scale from 1 (natural) to 5 (unnatural). They were encouraged to
give their intuitive judgment by using all five points as much as possible without taking
too long for each sentence. Written instructions and sample sentences were given on the
first page of the questionnaire. Data from one participant was discarded because of
his/her incomplete questionnaire. Thus, the analysis was conducted on the data from
twenty-eight participants with fifteen of them rating one list and thirteen rating the other
list.

Table 4.7 presents the within-participant and within-item mean naturalness scores.

Table 4.7. Survey on thematic constraint:
Mean naturalness scores (1 natural — 5 unnatural).

Participant Item means
means
Subject topic 1.5558 1.5595
Object topic 4.2634 4.2542

Topic sentences corresponding to subject-gap RCs were rated as significantly more
natural than those corresponding to object-gap RCs, and the difference was robust for
both the participant analysis (F(1,27)=822.93, p <.001) and the item analysis
(F2(1,31)=1061.439, p <.001). The results supported the predictions of the thematic
constraint. That is, the head noun of a subject gap RC was much more easily interpreted

as the topic of a decontextualized sentence than the head noun corresponding to an object

gap.63

% Alternatively, a preference for encoding the topic with subject may be due to a general perceptual
processing strategy of sentences, which treats the first noun as the agent of an action (Bever 1970:298-299).
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In summary, with respect to a relative processing difficulty of RCs, both the
thematic constraint and the Structural Distance Hypothesis make the same prediction for
both Japanese and English, namely easier relativization of the subject than the direct
object. At this point, no empirical evidence seems to exclusively choose one over the
other. However, several points should be mentioned. First, in order for the thematic
constraint to be empirically testable, it needs to be more explicit about how processing
difficulty is determined and where the difficulty occurs. For example, there has been
overwhelming evidence at least in English that shows that an increased working memory
load is observed at certain regions in a sentence, such as at the embedded verb and the
matrix verb. Unless the thematic constraint has some very good semantic-based reasons
to predict these memory costs at these particular points, distance-based explanations that
make reference to the use of working memory cannot be discarded. Second, the
Structural Distance Hypothesis and the thematic constraint are not necessarily mutually
exclusive. A relative clause is a construction that is used to fulfill specific
discourse-related, communicative functions, such as narrowing down a potential set of
referents. Therefore, any RC needs to conform to a basic functional requirement so that
the two clauses are related in a meaningful way. However, this does not necessarily
exclude the possibility that the association of a gap and a filler requires some processing
cost and that some sort of distance effect plays a role in this association.

One related question that can be asked on this issue is whether the thematic
constraint is the sole licensing condition for RCs in Japanese. In other words, can RCs in

different languages be explained by different sets of principles? This largely depends on
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the syntactic analysis that one assumes for Japanese RCs. In order to form a conclusion
on this issue, further studies are necessary in which each account (e.g., thematic

constraint and distance metrics) can be tested independently.

4.3.3 Further studies

The present study provided empirical evidence for the ease of processing subject
gap RCs in Japanese. However, in order to obtain a more detailed picture of RC
processing, further studies are needed. The following are some of the possibilities as an
extension of the present study. First, it is necessary to investigate exactly what the parser
assumes when encountering a missing argument and where in the sentence a gap is
postulated. Since Japanese allows more than one possible analysis at a given point in a
sentence, information that points to which analysis is more likely to be assumed will be
useful in order to predict the parsing decisions at each point in a sentence (e.g., in
determining the position of a gap in a sentence). Second, the second experiment of the
present study varied the marking on the head noun — topic, nominative, and accusative.
However, a wide range of postpositions needs to be tested in order to determine whether
the size of the gap asymmetry differs depending on the postpositions, and whether the
parallel/nonparallel relation between gap and filler is manifested in all cases. Third,
previous studies have shown that an animacy contrast mitigates the difficulty the parser
experiences in processing object-gap RCs (Kutas 1997, Mak, Vonk, & Schriefers 2002,
Traxler, Morris, & Seely 2002). It is of empirical interest how the animacy of head
nouns influences the processing of single-gap RCs in Japanese. Fourth, the effect of

grammatical relations, case relations, and thematic roles on RC processing could be
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explored in more detail. Most previous studies, as well as the present one, have some
confounds in terms of grammatical relations and thematic roles. That is, the grammatical
subject is the agent of an action denoted by the embedded predicate, and the grammatical
object is the theme of the action. In order to tease apart these factors and see how salient
each type of information is in processing, it is necessary to test other combinations, such

as experiencer subjects.

4.3.4 Conclusion

The present chapter reported on two experiments that investigated the processing
of single-gap RCs. Like English, native speakers of Japanese found subject-gap RCs
easier to process than object-gap RCs. This subject-object asymmetry was interpreted as
reflecting a different structural position of the gap with which the filler must be
associated. Because a subject gap is higher in the structure and thus closer to the filler, it
is computationally easier to resolve a dependency. The appearance of a gap effect at the
filler indicates that the parser conducts a structural analysis rapidly and resolves a filler-
gap dependency as soon as it recognizes an RC structure. In a single-gap RC, such a
rapid analysis is possible because there is little ambiguity in terms of the number of gaps
and the position of the gap. There is only one gap in the RC, and its structural position is
uniquely identified by the case marking of the NP in the RC together with the argument
structure of the embedded verb. Therefore, as soon as the filler is found, a dependency
can be formed with the gap in the RC. However, a question arises as to whether other
types of information can be used to identify the position of a gap when there is more than

one gap in an embedded clause with which the filler can be associated. Another question
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is whether a subject-object asymmetry appears in sentence types where the primary
information source of structure building is non-syntactic. These questions are addressed
in more detail in the next chapter and tested in a different type of RCs that involve

structural ambiguity.
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CHAPTER 5

PROCESSING OF DOUBLE-GAP RELATIVE CLAUSES

The previous chapter presented evidence for a gap asymmetry in the processing of
single-gap RCs in Japanese. The online resolution of a filler-gap dependency was found
to be easier when the head noun (i.e., filler) corresponded to a subject gap than to an
object gap. The results supported the prediction proposed by the Structural Distance
Hypothesis. According to this hypothesis, subject-gap RCs are computationally less
costly since a subject gap is higher in the structure, and thus closer to the filler.

The primary goal of the present chapter is to collect additional evidence in favor
of a subject gap advantage. The structure examined in this chapter is a double-gap RC.
Unlike a single-gap RC in which only one of the arguments (i.e., subject or direct object)
of a transitive predicate is relativized, a double-gap RC involves relativization of two

arguments. The following illustrates an example for each type of RC.

(1) a. Single-gap RC: subject is relativized
[e; sono seki-o  yoyakushita] kyaku;-wa okotteita.
that seat-ACC reserved  customer-TOP angry-was
“The customer who reserved that seat was angry.’
b. Single-gap RC: direct object is relativized
[Sono kyaku-ga  e; yoyakushita] seki-wa kitanakatta.

that customer-NOM reserved  seat-TOP dirty-was
‘The seat that the customer reserved was dirty.’
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c. Double-gap RC: both subject and direct object are relativized
[[ei e yoyakushita] sekij-ga totemo kitanakatta] kyakui-wa  okotteita.
reserved  seat-NOM very dirty-was customer-TOP angry-was
‘(Lit)The customer; [that the seat; [that €; reserved e;] was very dirty] was angry.’
d. Double-gap RC: both subject and direct object are relatiVized
[[ei e yoyakushita] kyaku;-ga  jikan-ni okureta] sekij-wa katadukerareteita.
reserved customer-NOM time-to late-was seat-TOP put-away-was

‘(Lit)The seat [that the customer [that €; reserved e;] was late] was put away.’
Sentence (1a) involves relativization of the subject, where the head noun kyaku
‘customer’ corresponds to a subject gap. Sentence (1b) is an instance of relativization of
the direct object where the head noun seki ‘seat’ corresponds to an object gap. In double-
gap RCs (1¢) and (1d), both kyaku ‘customer’ and seki ‘seat’ are relativized. Hence,
there is a sequence of gaps (subject gap and object gap) in the most embedded clause,
and these gaps must be related to fillers in higher positions. In sentence (1c¢), the filler in
the intermediate clause (seki ‘seat’) is associated with the object gap and the filler in the
higher clause (kyaku ‘customer’) is associated with the subject gap. In sentence (1d), the
filler-gap association is reversed. The filler in the intermediate clause (kyaku ‘customer’)
corresponds to a subject gap and the filler in the higher clause (seki ‘seat’) corresponds to
an object gap. Throughout this thesis, the filler in the intermediate clause is referred to as
‘close filler’ and the filler in the higher clause is referred to as ‘distant filler’, reflecting
the distance between filler and gap.

Previous syntactic analyses of double-gap RCs have shown that a sentence in

which the distant filler is linked to a subject gap (e.g., (1¢)) is preferred over one in which
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the distant filler is linked to an object gap (e.g., (1d)).%* It is therefore of empirical
interest whether this asymmetry is manifested in the online processing of double-gap RCs
and where the asymmetry appears.

Properties of double-gap RCs involve another interesting issue in the study of
sentence processing, namely the role of semantic/pragmatic information during
processing. Double-gap RCs are structurally ambiguous in that there is no
morphosyntactic information that specifies the dependencies between gap and filler.
Compare single-gap RC (1a) and double-gap RC (1c), repeated here as (2a) and (2b)

respectively.

(2) a. Single-gap RC: subject is relativized
[e; sono seki-o  yoyakushita] kyaku;-wa okotteita.
that seat-ACC reserved  customer-TOP angry-was
‘The customer who reserved that seat was angry.’
b. Double-gap RC: both subject and direct object are relativized
[[ei € yoyakushita] sekij-ga totemo kitanakatta] kyakui-wa  okotteita.
reserved  seat-NOM very  dirty-was customer-TOP angry-was
‘(Lit)The customer; [that the seat; [that ; reserved e;] was very dirty] was angry.’
In sentence (2a), the RC is analyzed as involving a subject gap since the embedded

predicate ‘reserved’ is transitive (requiring both subject NP and direct object NP), and the

NP within the embedded clause (seki-o ‘seat-acc’) has an accusative marker. In double-

% Double-gap RCs have been the focus of numerous studies since they challenge the notion of Subjacency,
constraints on syntactic movement assumed in the framework of Government and Binding theory
(Chomsky 1981, 1982). For various syntactic analyses of these structures including some asymmetries in
judgments, see Hasegawa 1984-5, Huang 1984, Haig 1979, 1996, 2000, Imai 1986, Izutani 1995, Kuno
1973, Ue 1982, among others.
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gap RCs, in contrast, both arguments of the embedded predicate are relativized and thus
there is no overt case-marked NP in the most embedded clause. The parser will
recognize that there are two gaps (subject gap and object gap), but there is no formal cue
that indicates the dependencies between gaps and fillers. Note that the case markers on
the fillers (-ga on ‘seat’ and -wa on ‘customer’) indicate the grammatical relation of those
NPs in the matrix clause, but they do not indicate the roles with respect to the embedded
predicate. In this sense, the association of a gap and its filler must be determined based
on other, non-structural information.

One useful source of information comes from semantics/pragmatics. Consider
sentence (2b) again. Despite a global structural ambiguity, Japanese speakers may find
the roles of fillers unambiguous. This is presumably because semantic/pragmatic
information from the embedded verb reserved and the two fillers seat and customer
makes obvious the thematic roles of the fillers — customer as an agent and seat as a theme.
This suggests that the parser makes active use of semantic/pragmatic information in order
to carry out a structural analysis of double-gap RCs. A question then arises as to how the
relative strength of semantic/pragmatic information modulates the processing of double-
gap RCs, in particular, the subject-object asymmetry involving the distant filler.

This chapter consists of three main studies — one offline survey and two online
self-paced reading experiments. The offline survey was aimed at obtaining baseline data
that is relevant for the online experiments. It examined Japanese native speakers’

judgments about the overall naturalness of the constructions, the argument relationship of
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the fillers to the embedded predicate, and the possibility of misanalysis involved in these
structures.

The first self-paced reading experiment investigated a subject-object asymmetry
in the processing of double-gap RCs. Sentences whose distant filler corresponds to a
subject gap were compared with sentences whose distant filler corresponds to an object
gap. Note that the distant filler is the position where the parser recognizes a double-gap
RC structure and resolves a filler-gap dependency. Also, it has been shown that the
resolution of a filler-gap dependency is less costly when involving a subject gap than
when involving an object gap. Then, a reasonable prediction would be that a distant filler
corresponding to a subject gap should be read faster than a distant filler corresponding to
an object gap.

The second self-paced reading experiment explored the role of
semantic/pragmatic information in the processing of double-gap RCs, and its effect on
the subject-object asymmetry. Questions that are addressed are: (1) how the parsing of
ambiguous structure is influenced by varying the relative strength of the pragmatic bias
that constrains the thematic roles of filler, and (2) whether the magnitude of the gap
asymmetry changes depending on the strength of the pragmatic information.

There is one issue that needs clarification before investigating the online
processing of double-gap RCs in Japanese in detail. With respect to the difficulty
involved in the long-distance dependency with an object gap, an issue exists as to
whether the difficulty reflects a mere computational cost associated with different

structural positions of the gap or whether it reflects an unparsable configuration for the

131



sentences with multiple filler-gap dependencies. For example, Fodor (1978) proposed a

constraint that prohibits certain types of filler-gap dependencies.®®

3) The Nested Dependency Constraint (NDC) [Fodor 1978:448]

If there are two or more filler-gap dependencies in the same sentence, their scopes
may not intersect if either disjoint or nested dependencies are compatible with the
well-formedness conditions of the language.

Sentences (1c) and (1d) are repeated below as (4a) and (4b) to illustrate this constraint to

Japanese double-gap RCs.

(4) a. Double-gap RC: distant filler involving a subject gap

[[ei ¢ yoyakushita] seJ(ij-ga totemo kitanakatta] kyakui-wa  okotteita.
reserved  seat-NOM very  dirty-was customer-TOP angry-was
‘(Lit)The customer; [that the seat; [that e; reserved e;] was very dirty] was angry.’

b. Double-gap RC: distant filler involving an object gap

[[ei ¢ yoyakushita] kyakui-ga  jikan-ni okureta] seki-wa katadukerareteita.
reserved  customer-NOM time-to late-was seat-TOP put-away-was
‘(Lit)The seat [that the customer [that e; reserved e;] was late] was put away.’
In (4a), the two dependency lines are nested, while in (4b), those lines are crossed.
Therefore, (4b) is unacceptable.

The asymmetry has also been explained on syntactic grounds. For instance,

Hasegawa (1984-5) and Huang (1984) argued that the asymmetry stems from a

% For related arguments, see Pesetsky (1982), Ue (1982), cf. also Bach, Brown, Marslen-Wilson (1986).
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distribution of different empty categories at different syntactic positions. The empty
category at the subject position is a null pronominal, which can be freely coindexed with
its non-local antecedent. In contrast, the empty category in the object position cannot be
a null pronominal, but must be a variable created by movement. Since there are
constraints on a movement operation, long-distance extraction of an object gap is
prohibited.

However, as I mentioned briefly in the previous chapter, there has been an
argument that the well-formedness of Japanese RCs is best explained by
semantic/pragmatic considerations rather than structural ones (Haig 1979, 1996, Izutani
1995, Kornfilt, Kuno, & Sezer 1980, Kuno 1973, 1976). These researchers have
presented numerous examples that would violate the NDC but are still acceptable. The
presence of counterexamples suggests that it may be difficult to maintain the position that
double-gap RCs with crossed dependencies (or with long-distance object extraction) are
ungrammatical across-the-board in Japanese. At the same time, this shows that the role
of semantic/pragmatic information in the interpretation of Japanese RCs needs to receive
more attention from the processing point of view.

To summarize the discussion, the subject-object asymmetry in double-gap RCs is
an unresolved issue. The present study pursues the hypothesis that double-gap RCs with
object-linked distant filler are parsable, and explores the possibility that the asymmetry
may reflect a difference in computational cost associated with different structural

positions of gaps.
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5.1 Experiment3

This offline survey was conducted in order to obtain Japanese native speakers’
intuitive judgments about double-gap RCs.*® Offline judgment data is a useful way of
obtaining information about the overall complexity of a structure and the processing
difficulty the parser could experience in processing those structures (Bach, Brown, &
Marslen-Wilson, 1986, Babyonyshev & Gibson, 1999, Mazuka, Itoh, Kondo 2002:143).
It is also considered to be informative when the construction is so complex that online
data alone may not be able to provide straightforward answers to research questions. The
predictions in the subsequent online experiments were formulated based on this offline

data.

5.1.1 Method
5.1.1.1 Participants

Twenty-five graduate students at the NAIST and people from the surrounding
community participated in the survey. All were native speakers of Japanese. They were
also participants in some unrelated online experiments and were paid for their

participation.

5.1.1.2 Materials
Twenty-four sets of double-gap RCs were prepared for the survey. Each set
consisted of six sentences which varied in terms of two factors — Pragmatic bias (strong

vs. mild vs. null) and Gap type (subject-gap vs. object-gap). The pragmatic bias was

%1 owe gratitude to Dr. Edson Miyamoto who suggested the importance of conducting an offline survey.
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pretested, as described in Appendix A. The sentences in (5) illustrate these six
conditions.”” The specific predictions for these materials are given below in Section

5.1.1.6.

(5) a. Strong bias, distant filler involving a subject-gap

[[ei e;j yoyakushita ] sekij-ga totemo kitanakatta | kyakui-wa ueitoresu-o  yonda.
reserved  seat-NOM very dirty-was  customer-TOP waitress-ACC called
Plausible interpretation: ‘The customer that the seat that (he) reserved was dirty called
a waitress.’
Implausible interpretation: ‘The customer that the seat that reserved (him) was dirty
called a waitress.’

b. Strong bias, distant filler involving an object-gap

[[ei e; yoyakushita ] kyaku;-ga totemo kitanakatta] sekij-wa ueitoresu-ga soojishita.
reserved customer-NOM very dirty-was seat-TOP waitress-NOM cleaned
Plausible interpretation: ‘As for the seat that the customer that reserved (it) was dirty,
a waitress cleaned (it).’
Implausible interpretation: ‘As for the seat that the customer that (it) reserved was
dirty, a waitress cleaned (it).’

c. Mild bias, distant filler involving a subject-gap

[[ei ejyonda ] tenini-ga totemo shitsureidatta | kyakui-wa tenchoo-ni koogishita.
called clerk-NOM very rude-was  customer-TOP manager-to complained
More plausible interpretation: ‘The customer that the clerk that (he) called was very
rude complained to the manager.’
Less plausible interpretation: ‘The customer that the clerk that called (him) was very
rude complained to the manager.’

d. Mild bias, distant filler involving an object-gap

[[ei ejyonda ] kyakui-ga totemo shitsureidatta ] teninj-wa tenchoo-ni soodanshita.
called customer-NOM very rude-was clerk-Top manager-to consulted
More plausible interpretation: ‘The clerk that the customer that called (him) was
very rude consulted with the manager.’
Less plausible interpretation: ‘The clerk that the customer that (he) called was very
rude consulted with the manager.’

%7 The coindexation in the sample sentences represents the one for the plausible interpretation.
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e. Null bias, distant filler involving a subject-gap
[[ei ejyonda ] tsumaj-ga terebi-o miteita ] otto;-wa niwa-ni deta.
called wife-NoM TV-Acc watching-was husband-ToP yard-to went
Assigned interpretation: ‘The husband that the wife that (he) called was watching TV
went out to the yard.’
Equally possible interpretation: ‘The husband that the wife that called (him) was
watching TV went out to the yard.’
f. Null bias, distant filler involving an object-gap
[[ei e yonda ] ottoi-ga terebi-o miteita]  tsumaj-wa niwa-ni deta.
called husband-NoMm TV-AcC watching-was wife-TOP yard-to went
Assigned interpretation: ‘The wife that the husband that called (her) was watching TV
went out to the yard.’
Equally possible interpretation: ‘The wife that the husband that (she) called was
watching TV went out to the yard.’
The first factor, Pragmatic bias, refers to the strength of pragmatic information
(i.e., people’s world knowledge or common sense) that constrain the plausible thematic
roles of fillers. It had three levels — strong bias, mild bias, and null bias. (In the above
examples, fillers are underlined and the most embedded predicate is the first word of each
sentence.) In the strong bias condition (e.g., sentence (a) and (b)), the thematic role of
each filler is uniquely identifiable based on general pragmatic knowledge. For example,
‘customer’ is the only plausible agent and ‘seat’ is the only plausible theme for the
transitive verb ‘reserve’. The reverse pattern is implausible. In the mild bias condition
(sentences (c) and (d)), one filler is more plausible as the agent than the other, although
the reverse pattern is not impossible. For example, for the fillers ‘customer’ and ‘clerk’,
the former is more plausible as agent than the latter in an action denoted by the verb “call’.

In the null bias condition (sentence (e) and (f)), ‘wife’ and ‘husband’ are equally good as

agent or theme.
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The second factor, Gap type, involves the type of gap with which a distant filler is
associated. (In the above examples, distant fillers are indicated with double underlines
and closer fillers with single underlines.) In the subject gap condition (sentences (a) and
(c)), the distant filler is the only or more plausible agent, thus more likely to be associated
with a subject gap in the embedded clause. In the object gap condition (sentences (b) and
(d)), the distant filler is the only or more plausible theme, thus more likely to correspond
to an object gap in the embedded clause. For the fillers in the null bias condition
(sentences (e) and (f)), both the distant and the close filler are equally good as either
agent or theme. Therefore, the assignment of sentences to the subject gap or the object
gap condition was made arbitrarily in order to maintain a factorial design. In the
experiments reported here, a main effect of Gap type is not expected to appear in the null
bias condition.

Each sentence consisted of three clauses — the most embedded clause (RC1), the
intermediate clause (RC2), and the matrix clause. Sentence (5a), repeated here as (6),

illustrates the structure.

(6)  Double-gap RC
wl w2 w3 w4 w5 wb6 w7
[rc2 [re1 €i € yoyakushita] sekij-ga totemo kitanakatta] kyakui-wa ueitoresu-o yonda.
reserved seat-NOM very dirty-was customer-TOP waitress-ACC called
‘The customer that the seat that (he) reserved was dirty called a waitress.’
Word 1 is the predicate of the most embedded clause (RC1). Since both arguments of
this clause are relativized, this is the only overt element in the clause. RC1 modifies the

subject (word 2) of an intermediate clause (RC2), and words 3 and 4 constitute the
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predicate associated with this subject. RC2 modifies the subject of the matrix clause
(word 5). Words 6 and 7 are the remaining elements of the matrix clause.

For each sentence, the predicate of the intermediate clause (words 3 and 4) was
designed to be semantically compatible with the immediately following NP (word 5).
For example, in the above sentence, the correct reading of the intermediate clause is ‘the
seat was very dirty’ where ‘very dirty’ is the predicate of the preceding subject NP ‘the
seat’. However, ‘very dirty’ could be semantically compatible with the following NP
‘customer’, although it is not syntactically correct. This manipulation was made in order
to see whether people might be led to an incorrect structural analysis when reading a
sentence with a highly complex structure (e.g., Christianson, Hollingworth, Halliwell, &
Ferreira 2001, Frazier 1985, Gibson & Thomas 1999, Traxler, Morris, & Seely 2002).68

These twenty-four sets of test items were distributed into six presentation lists
using a Latin Square design. In this way, each participant, who was assigned to one of
the lists, read only one of the six conditions in each set, and sentences in each condition
were read by the same number of participants. Fifty-five non-experimental sentences
with various sentence structures were inserted into each list in a pseudorandom order, so
that at least one non-experimental sentence intervened between any two test sentences. A

complete list of test materials is given in Appendix F.

% I owe thanks to Edson Miyamoto and Fumiko Yamada who pointed out such possibilities in double-gap
RCs.
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5.1.1.3 Design

Experiment 5 was designed for a two-way ANOVA with repeated measures on
both Pragmatic bias and Gap type. The first independent variable, Pragmatic bias, had
three levels — strong, mild, and null. The second independent variable, Gap type, had two
levels — subject gap and object gap. Crossing these two factors, the experiment had a
total of six conditions.

The dependent variables in this experiment were responses to three different
questions asked for each condition. See Section 5.1.1.7 for how to calculate dependent

variables.

5.1.1.4 Pretest norming study 2

A paper-and-pencil questionnaire was conducted in order to check the test
sentences in terms of two points — (1) whether the pragmatic factors manipulated in the
experiment had the intended bias, and (2) whether the intermediate predicate was
semantically compatible not only with the preceding NP but also with the immediately
following noun. A complete description of the questionnaire and the results are provided

in Appendix A.

5.1.1.5 Procedure

The main offline survey was conducted using paper-and-pencil questionnaires,
with each survey containing seventy-nine (24 test and 55 non-experimental) sentences.
Each sentence had three questions, and the participant was instructed to answer on a 5-

point scale. The first question asked about the overall naturalness of each sentence. The
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second question examined a preference in interpreting the two fillers in relation to the
embedded predicate. The third question tested the likelihood of an incorrect association
between an intermediate predicate and its immediately following NP. The following are
sample questions for sentences (5a) and (5b). In the actual survey, instructions and

sentences were all written in Japanese.

(7) a. Strong bias, distant filler involving a subject-gap (repeated from (3a))
FRLEENETHEN S ZRE T o1 L AZIEATE,

Ql:  Zoxxaefid. EH H% 12345 FEAR

Q2: LS TENEETFHLURE, | EWIBIRNTEETH,
W 12345 »whz

Q2: LS TENETHIENO, | EWDERNRTEETH,
W 12345 Wz

[[ei ej yoyakushita] sekij-ga totemo kitanakatta ] kyaku;-wa ueitoresu-o yonda.
reserved seat-NOM very dirty-was customer-TOP waitress-ACC called
‘The customer that the seat that (he) reserved was dirty called a waitress.’

Q1: The meaning of this sentence is:
Verynatural 1 2 3 4 5 Very unnatural
Q2: For this sentence, is it possible to interpret as ‘the customer reserved the seat?
Yes 12345 No
Q3: For this sentence, is it possible to interpret as ‘the customer was dirty’?
Yes 12345 No

b. Strong bias, distant filler involving an object-gap (repeated from (3b))
TRUEENETHEN S ERET =1 L ARRRLZ.

Ql:  ZoX&f&E. BHmMN H#R 12345 RER

Q2: LoOXHhS TENEZTFHILE. | EWSBRNTEETN,
3 12345 WwWhx

Q2: LEOXWS THENRETHIENDT=, | EWVWSBPINTEETH,
3 12345 Wwax
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[[ei ej yoyakushita] kyaku;-ga totemo kitanakatta] sekij-wa ueitoresu-ga soojishita.

reserved customer-NOM very dirty-was seat-TOP waitress-NOM cleaned
‘The seat that the customer that reserved (it) was dirty, a waitress cleaned (it).’

Q1: The meaning of this sentence is:

Yes

Very natural

1 2345 Veryunnatural
Q2: For this sentence, is it possible to say ‘the customer reserved the seat’?

12345

Q3: For this sentence, is it possible to say ‘the seat was dirty’?

Yes

12345

The sentence presented for judgment in Q2 was identical in subject-gap and

object-gap conditions for each pragmatic bias pair. This was to examine whether there is

a preference for associating the distant filler with a subject gap of an embedded predicate,

and how this preference is influenced by the pragmatic bias. If there is such a preference,

Q2 in (7a) should produce more ‘yes’ responses than in (7b). It should be noted, however,

that responses to Q2 may be biased toward ‘yes’ since people in general tend to say ‘yes’

more often rather than ‘no’, especially when the putative preferred interpretation is

associated with ‘yes’. The following is a summary of the conditions and the sentences

given for judgment in Q2.

Table 5.1. Experiment 3: Summary of conditions and interpretation for Q2.

Pragmatic | Gap Embedded | Closer Distant Interpretation presented

bias type predicate | filler filler to participants

Strong S-gap reserved | seat customer | The customer reserved
O-gap reserved | customer | seat the seat.

Mild S-gap called clerk customer | The customer called the
O-gap called customer | clerk clerk.

Null S-gap called wife husband The husband called the
O-gap called husband | wife wife.
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For Q3, the interpretation given for judgment is syntactically incorrect, requiring
the intermediate predicate to be incorrectly associated with the immediately following NP.
This was to test if the probability of an anomalous association varies across conditions.
For a majority of the non-experimental sentences, the interpretation given for judgment
had one of two or more possible interpretations. For the rest, the number of correct and
incorrect answers was counterbalanced. Overall, approximately half of the sentences
were grammatical interpretations and the other half were ungrammatical interpretations.

The instruction and sample questions were provided on the first page of the
questionnaire. Test sentences started on the second page, and participants were asked to
give their intuitive judgments to each sentence without spending too much time. The

non-experimental sentences were all grammatical; some involved ambiguity.

5.1.1.6 Predictions

There are two types of information sources that the parser is assumed to use in
interpreting a double-gap RC — pragmatic information and a preference for assigning the
distant filler to a subject gap. The first information source comes from an assumption
that the parser will make use of semantic/pragmatic information in an analysis of double-
gap RCs that involve structural ambiguity. The second information source was based on
the putative computational advantage of a dependency between a filler and a subject gap
versus an object gap. (See Chapter 4 for supporting evidence for a subject gap
preference.) Also, scholars who have analyzed these sentences showed an intuitive
preference for associating the distant filler with a subject gap (e.g., Haig 1979, 1996,
2000, Huang 1984, Hasegawa 1984-5, Kuno 1973, among others). It is important to note
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that the preference for forming a dependency with a subject gap is manifested most
straightforwardly at the distant filler, rather than at the close filler. At the close filler,
there are two gaps which the filler can be potentially associated with. Then, the parsing
decision can be influenced by not only the computational cost in favor of a subject gap,
but also other factors, such as a preference to fill an object gap so that the resultant
structure conforms to the more frequent subject-drop pattern or a preference to fill the
theme slot of an argument grid. Furthermore, even if there is a subject gap preference at
the close filler, it is not clear how strongly the preference influences the parsing decision
at this early point in a sentence and how costly the processing becomes when such a
preference is violated. For these reasons, it is assumed that the preference for a subject

gap becomes evident at the distant filler.

5.1.1.6.1 Predictions for Q1: Sentence naturalness
Question 1 asked about the overall naturalness of a sentence. Two different

patterns of responses were predicted. Figure 5.1 presents the first pattern.

‘Unnatural’ 5

S-gap
./0/. O-gap

Strong Mild Null

‘Natural’ 1

Figure 5.1. Experiment 3: Predictions for Q1 — (1).

This pattern represents the cases where sentence naturalness is judged solely

based on the clarity of the information. When the information is clear, it is easy to
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interpret a sentence. Thus, the sentence is judged to be natural. Assuming that the
plausibility of fillers is the only information available in a sentence that provides a clue
about the structure of the double-gap RC, it was predicted that the stronger the pragmatic
bias, the more natural the sentence seems.

Figure 5.2 presents the second predicted response pattern.

‘Unnatural’ 5 O-gap

‘Natural’ 1

Strong Mild Null

Figure 5.2. Experiment 3: Predictions for Q1 — (2).

In this pattern, sentence naturalness is determined by evaluating how well the
preferred structure is supported by other information. Simply, the more plausible it is to
interpret the distant filler as the subject of an embedded predicate, the more natural the
sentence is.

First, double-gap RCs in the subject-gap condition should be judged more natural
than sentences in the object-gap condition since the distant filler in the former condition
is more plausible as agent than as theme. Within the subject-gap conditions, the
naturalness scores will increase as the pragmatic bias becomes stronger. It follows that
the stronger the bias, the easier it is to interpret the distant filler as the subject. In other

words, the weaker the bias, the more difficult it is to say that the distant filler is the agent.
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Under these circumstances, the interpretation becomes unstable and the naturalness
scores will show variation.

Within the object-gap conditions, in contrast, the sentence is judged more
unnatural as the pragmatic bias becomes stronger. For example, in the strong bias
condition, pragmatics clearly indicates that the distant filler is the theme. This creates the
strong mismatch with the preferred structure. In the mild bias condition, the mismatch
between pragmatic information and the preferred structure still exists. But since the
pragmatic bias is weak, it leaves more possibility of interpreting the distant filler as the
agent. Therefore, fewer ‘unnatural’ responses are predicted compared to the strong bias
condition.

As for sentences in the null bias condition, no distinction is predicted between
subject-gap and object-gap conditions. This is because, with no pragmatic bias, there is

no match or mismatch with the preferred structure.

5.1.1.6.2 Predictions for Q2: Gap assignment preference for two fillers

Question 2 asked, for example, whether or not the interpretation ‘the customer
reserved the seat’ is a legitimate interpretation for a given strong-bias double-gap RC.
Three different response patterns were predicted.

Figure 5.3 shows the first prediction.
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‘No> 5

@ ® ® O_gap

® ® e S-gap

‘Yes’ 1

Strong Mild Null

Figure 5.3. Experiment 3: Predictions for Q2 — (1).

This prediction assumes that a judgment is made solely on the basis of structural
preference, namely, assigning a distant filler to a subject gap. Since the distant filler of a
test sentence is interpreted as the subject of the sentence given for judgment, predominant
‘yes’ responses should be obtained for sentences in the subject gap conditions. On the
other hand, predominant ‘no’ responses should be obtained when the distant filler of a
double-gap RC is interpreted as the direct object of the sentence given for judgment. RCs
in the object gap condition belong to this category. Overall, there is expected to be a
robust main effect of Gap type, with no main effect of Pragmatic bias or the interaction.
If the above pattern is observed, that would imply that people interpret the distant filler of
a double-gap RC as the subject of the embedded predicate, no matter how pragmatically
implausible the interpretation is.

Figure 5.4 presents the second prediction, in which both structural preference and

pragmatic bias are taken into account for judgment.
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‘Yes’ 1

Strong Mild Null

Figure 5.4. Experiment 3: Predictions for Q2 — (2).

Following a preference for interpreting the distant filler as the subject of an
embedded predicate, double-gap RCs in the subject-gap condition will produce more
‘yes’ responses than double-gap RCs in the object-gap condition. However, judgment
will also be strongly influenced by the pragmatic plausibility of the interpretation.

Consider the subject-gap condition first. In this condition, the ‘yes’ response
represents an interpretation in which the distant filler is taken to be the subject of an
embedded clause. The gradual decrease in ‘yes’ responses from the strong bias to the
null bias reflects the relative strength of the pragmatic support for the structural
preference. The more strongly the pragmatic bias supports the subject gap interpretation
of the distant filler, the more ‘yes’ responses will be obtained. For example, in the strong
bias condition, ‘customer’ at the distant filler is the only plausible subject for ‘reserving a
seat’. In the mild bias condition, ‘customer’ at the distant filler is more plausible as the
subject of ‘called (the clerk)’. However, because the reverse assignment is still possible
(‘the clerk called the customer’), judgment will be less definite. When the bias is null,
‘husband’ at the distant filler is a plausible subject of ‘called (the wife)’. But it is equally
good as the direct object. Therefore, more variation is expected, which leans responses
toward ‘no’.
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Now consider the object-gap condition, in which the ‘yes’ response represents an
interpretation in which the close filler is taken as the subject of an embedded clause. The
more strongly the pragmatic information biases the close filler to be the subject, the more
‘yes’ responses will be obtained. In the strong bias condition, the close filler ‘customer’
is the only pragmatically possible subject of ‘reserved (a seat)’. Therefore, there will be a
strong tendency to respond ‘yes’, even though it is structurally dispreferred. In the mild
bias condition, the structural preference favors interpretation of the distant filler ‘clerk’ as
the subject of ‘called’, while the pragmatic information weakly favors interpreting the
close filler ‘customer’ as the subject. Since pragmatics is not so strongly constraining,
fewer ‘yes’ responses are produced than in the strong bias condition. In the null bias
condition, structural preference favors the distant filler ‘wife’ as the subject of ‘called’,
while pragmatic information does not provide any bias to either interpretation. Therefore,
more ‘no’ responses are predicted.

Overall, the tendency to say ‘no’ is slightly greater in the object-gap condition
than in the subject-gap condition. This reflects the presence of a mismatch between
structural preference and pragmatic support in the object-gap condition. That is, in the
subject-gap condition, the stronger the pragmatic bias, the more the structural preference
is reinforced. On the other hand, in the object-gap condition, the stronger the pragmatic
bias, the less the structural preference is supported.

Finally, at this point it is not yet clear which information source — structural or
pragmatic — has a stronger influence on judgments. For example, in object-gap RCs in

the mild bias condition, pragmatics favors interpretation of the close filler to be
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interpreted as the subject, while structural preference favors the opposite. If the structural
preference is more influential than pragmatic information, then more ‘no’ responses will
be obtained than in Figure 5.4 above. Likewise, more ‘no’ will be found in the object-
gap null bias condition, since pragmatics is assumed to provide no bias. Figure 5.5 below
presents an alternative version to Figure 5.4, assuming a stronger structural preference.

‘No’ 5 e O-gap

:/./‘ S-gap

Strong Mild  Null

‘Yes’ 1

Figure 5.5. Experiment 3: Predictions for Q2 — (3).

5.1.1.6.3 Predictions for Q3: Anomalous interpretation of intermediate predicate
Question 3 investigated the probability of misanalyzing the intermediate predicate

as modifying the immediately following NP. Figure 5.6 presents the prediction.

“‘Yes’ 1

././_‘ S-gap

Strong Mild Null

‘No’ §

Figure 5.6. Experiment 3: Predictions for Q3.

It has been reported that the parser may permit an ungrammatical analysis when

sentences are structurally complex and/or computationally demanding (Gibson &
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Thomas 1999, Frazier 1985, Christianson et al. 2001). Taking these insights to the
present study, I interpret the ‘perceptual difficulty’ of a sentence as an index of
computational cost. That is, more misanalysis will be observed as the perceptual
difficulty of a sentence increases. I assume that ‘perceptual difficulty’ increases as a
sentence becomes more ambiguous and when the sentence involves more conflicting
information, such as the case where structural information does not coincide with the
pragmatic information. In Q3, ‘yes’ responses represent an interpretation in which the
intermediate predicate is misanalyzed as modifying the following NP.

Taking these factors into consideration, it is predicted that sentences in the weaker
pragmatic bias conditions should produce more ‘yes’ responses. A sentence becomes
more ambiguous when the pragmatic bias becomes weaker. Furthermore, sentences in
the object-gap condition are predicted to produce more ‘yes’ responses than other
sentences. This is because two information sources — pragmatic bias and structural
preference — conflict with each other in these sentences. Since the pragmatic bias
strongly favors the structurally dispreferred interpretation in the strong bias condition,
more ‘yes’ responses are predicted in this condition than in the mild bias condition. As
for sentences in the null bias condition where the two fillers are equally good as agent or

theme, no conflict should arise. Therefore, no distinction is predicted.

5.1.1.7 Data analysis
The grand mean for each participant was first calculated based on the nineteen
filler sentences that had unambiguous answers for Questions 2 and 3. Then, any

participant whose mean was above or below all participants’ <grand mean + SD> was
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discarded. With this criterion, one participant’s data was discarded. The results
presented below, therefore, were based on the data from a total of twenty-four
participants.

For each question, a condition’s mean was calculated for each participant (F;) and
for each item (F;). A 3x2 ANOVA with repeated measures on both Pragmatic bias
(strong, mild, and null) and Gap type (subject-gap and object-gap) was performed for
each question, by treating the factors as within-participants (F;) variables. A separate
3x2 ANOVA with repeated measures was carried out for each question, treating
Pragmatic bias and Gap type as within-items (F,) variables. When the interaction of two
factors turned out to be significant, subsequent analyses (e.g., one-way ANOV As) were

conducted to examine the nature of the interaction.

5.1.2 Results
5.1.2.1 Question 1: Sentence naturalness

Table 5.2 and Figure 5.7 present the results for Q1, addressing the overall
naturalness of each sentence.

Table 5.2. Experiment 3: Mean naturalness scores (Q1)
(1 natural ~ 5 unnatural).

Subject-gap | Object-gap
Strong bias 2.2917 3.5521
Mild bias 3.3542 3.6563
Null bias 3.5729 3.6771
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Figure 5.7. Experiment 3: Mean naturalness scores (Q1) (1 natural ~ 5 unnatural).

Two-way ANOV A results produced robust effects of Pragmatic bias, Gap type,
and their interaction (Pragmatic bias: F(2,46)=17.199, p <.001, F»(2,46)=8.502, p =.001;
-Gap type: F1(1,23)=34.464, p <.001, F»(1,23)=33.638, p <.001; Interaction:
F1(2,46)=15.845, p <001, F»(2,46)=7.542, p =.001). As Figure 5.7 shows, the magnitude
of the subject-object gap difference varied across the pragmatic bias conditions. When
the distant filler was strongly biased as agent, the sentences received more ‘natural’
responses. When the distant filler was strongly biased as theme, the sentence was judged
as more ‘unnatural’. The gap difference was significant in both participant and item
analyses (F1(1,23)=62.371, p <.001; F»(1,23)=23.041, p <.001) in this strong bias
condition. A similar but much weaker tendency was found in the mild bias condition
with fillers such as ‘customer’ and ‘clerk’. Sentences with a plausible agent ‘customer’

at the distant filler were judged as more ‘natural’ than those with a plausible theme
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‘clerk’ at the distant filler. But the difference was significant only in the participant
analysis (F1(1,23)=4.529, p =.044; F»(1,23)=2.567, p=0.123). In the null bias condition
(i.e., sentences with fillers that were equally good as agent or theme), sentences were
rated as equally unnatural (F,(1,23)=0.328, p=.572; F»(1,23)=0.444, p=.512).

The overall results matched neither of the predictions given in Figures 5.1 and 5.2.
Contrary to the first prediction, there was no evidence that sentence naturalness was
judged solely on how clearly the pragmatic information marked the thematic role of
fillers. The type of gap linked to a distant filler seemed to be an important factor in
determining the naturalness of a sentence. Also, contrary to the second prediction, there
was no gradual decrease or increase in sentence naturalness along with the pragmatic bias
in either the subject gap or the object gap conditions. Rather, the results showed that the
judgment of sentence naturalness splits into two groups — the natural one and the
unnatural one.

The results of Question 1 can be summarized into the following three major
findings. First, sentences were split into two categories, natural and unnatural. When the
distant filler of a sentence was pragmatically disambiguated as the agent of an embedded
verb, the sentence was judged to be natural. The other sentences were judged as almost
equaily unnatural, regardless of the pragmatic bias or gap type. These results suggest that
pragmatically ‘unambiguous’ marking and a distant filler linked to a subject gap are both
necessary for a double-gap RC to be acceptable. Second, sentences in the mild bias
condition received a high percentage of ‘unnatural’ ratings, regardless of whether the

distant filler was (mildly) biased as an agent or a theme. Although the sentences with a
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mildly agent-biased distant filler were judged to be less unnatural than the sentences with
a mildly theme-biased distant filler, the difference was very small and significant only in
the participant analysis. It seems that sentences in the mild bias condition were treated in
a similar manner to those in the null bias condition. Third, sentences in the object-gap
condition were rated as equally unnatural, as indicated by the flat line across the three
pragmatic bias conditions. Taken together with the second finding, i.e., no distinction
between the mild and null bias conditions, the results suggest that pragmatic bias had
almost no effect as far as the sentence naturalness is concerned. It helped only when the
bias unambiguously indicated that the distant filler was an agent.

To summarize, the results for Q1 showed a preference for linking the distant filler
to a subject gap only when the filler was unambiguously marked as the agent (i.e., the
strong bias condition). All other sentences were rated as equally ‘“unnatural’. Since
there was no distinction in naturalness ratings between the unambiguous dispreferred
structure (i.e., strong bias object-gap condition) on the one hand and the ambiguous
sentences (i.e., sentences in the mild and null bias conditions) on the other, it seems that
the naturalness judgment draws on both the ambiguity and the structural preference of a
sentence. It will be interesting to examine whether the online processing of these

sentences would show the same interaction of these factors as well.

5.1.2.2 Question 2: Gap assignment preference
Question 2 tested how Japanese native speakers interpreted the two fillers in

relation to the embedded verb. For convenience, Table 5.3, repeated from Table 5.1,
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provides a summary of the six conditions and the sentences given for judgment. Table

5.4 and Figure 5.8 present the results.

Table 5.3. Experiment 3: Summary of conditions and interpretations for Q2.

Pragmatic | Gap Embedded | Closer Distant Interpretation presented
bias type predicate | filler filler to participants
Strong S-gap reserved | seat customer | The customer reserved
O-gap reserved | customer | seat the seat.
Mild S-gap called clerk customer | The customer called the
O-gap called customer | clerk clerk.
Null S-gap called wife husband | The husband called the
O-gap called husband | wife wife.
Table 5.4. Experiment 3: Gap assignment preference for fillers (Q2) (1 yes ~ 5 no).
Subject-gap Object-gap
1. Strong bias 1.8542 1.9063
2. Mild bias 2.0938 2.9896
3. Null bias 2.5938 3.4583
5
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Figure 5.8. Experiment 3: Gap assignment preference for fillers (Q2).

155




The results of two-way ANOV As found significant main effects of Pragmatic bias
and Gap type and their interaction (Pragmatic bias: F;(2,46)=33.604, p <.001,
F2(2,46)=27.278, p <.001; Gap type: F1(1,23)=12.858, p =.002, F»(1,23)=12.429, p
=.002; Interaction: F1(2,46)=7.047, p =.002, F»(2,46)=4.169, p =.022). The interaction
was due to the absence of a Gap effect in the strong bias condition, while there was a
clear Gap difference in the mild and null conditions. The results of one-way ANOVAs
confirmed this: a null effect of Gap type in the strong bias condition (F1(1,23)=0.099,
p=0.756; F»(1,23)=0.094, p=0.762), and a significant main effect of Gap type in the other
two conditions (mild bias, F1(1,23)=12.266, p =.002, F»(1,23)=16.042, p =.001; null bias,
F1(1,23)=13.048, p =.001, F»(1,23)=6.288, p =.02).

The null effect of Gap type in the strong bias condition suggests that Japanese
speakers consistently accepted the given interpretation (e.g., ‘the customer reserved the
seat’), whether ‘customer’ appeared at the distant filler or at the close filler in the
sentence they read. Although it was predicted that the strong bias condition would
produce more ‘yes’ responses than other bias conditions due to the strong pragmatic
constraint, the complete absence of a gap asymmetry in the strong bias condition was
unexpected. If there is a preference for assigning the distant filler to a subject gap,
sentences in the strong bias object-gap condition should produce more ‘no’ responses
because of the mismatch between structural preference and pragmatic support.
Interestingly, recall that sentences in this condition were rated as ‘unnatural’ in Q1. It

seems that Japanese speakers were forced to interpret the close filler as linked to the
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subject gap since the pragmatic information was so strong that no alternative
interpretation was possible. But they did not like this (strong bias object-gap) structure.

The absence of gap difference in the strong bias condition clearly contrasted with
the patterns found in the mild and null bias conditions, where both the pragmatic bias
factor and the gap factor seem to be at work. With regard to the gap difference, more
‘no’ responses were obtained in the object gap conditions than in the subject gap
conditions. Recall that ‘yes’ response in the subject gap condition corresponded to an
interpretation in which the distant filler is associated with a subject gap. In the object-gap
condition, the ‘yes’ response corresponded to an interpretation in which the distant filler
is linked to an object gap. The fewer ‘yes’ responses in the object gap condition than in
the subject gap condition suggests that there is a preference among Japanese native
speakers for assigning the distant filler to a subject gap over to an object gap. It is,
however, important to note that such a preference is manifested only when the pragmatic
information constrains weakly enough for an alternative interpretation to be possible. As
for the pragmatic bias difference, more ‘no’ responses were produced in the null bias
conditions than in the mild bias conditions. This suggests that the pragmatic bias was
weak as intended in the null bias conditions, thus allowed a greater possibility of
alternative interpretations compared to the mild bias condition. Whether the pragmatic
information supports the preferred structure or the dispreferred structure, interpretation
becomes more unstable as the pragmatic bias becomes weaker.

In summary, the results for Q2 revealed two important findings. First, there was a

preference to associate the distant filler with a subject gap. Second, pragmatic bias
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interacted with gap type. When the bias was so strong that no alternative interpretation
was possible, people accepted the dispreferred structure, even though they did not like it.
When the bias was not so strong, people’s responses became less definitive, reflecting the

possibility of alternative interpretations.

5.1.2.3 Question 3

Question 3 examined the possibility of an anomalous association between an
intermediate predicate and the immediately following noun. Recall that sentences given
for judgment were all syntactically incorrect, with the intermediate predicate
anomalously associated with the following noun. Table 5.5 and Figure 5.9 present the

results.

Table 5.5. Experiment 3: Anomalous interpretation of intermediate predicate
(Q3) (1: yes — 5: no).

Subject-gap Object-gap
Strong bias 3.6875 2.5521
Mild bias 3.5417 3.1354
Null bias 3.3958 3.3854
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Figure 5.9. Experiment 3: Anomalous interpretation of intermediate predicate (Q3).

A main effect of Gap type and the interaction of Pragmatic bias and Gap type
were significant (Gap type: F1(1,23)=14.941, p =.001, F,(1,23)=23.684, p <.001;
Interaction: F(2,46)=6.932, p =.002, F»(2,46)=4.749, p =.013). The main effect of
Pragmatic bias did not reach significance (F(2,46)=1.628, p=.208, F»(2,46)=0.967,
p=-388). Sentences in the object-gap condition were in general more prone to the
anomalous interpretation than sentences in the subject-gap condition. Moreover, the
interaction shows that the difference between the gap conditions differs across the three
pragmatic bias conditions.

The results of one-way ANOV As found that Gap type had a significant effect in
the strong bias condition (F1(1,23)=21.324, p <.001; F»(1,23)=16.647, p <.001), a
marginal effect in the mild bias condition (F1(1,23)=4.145, p=.053; F»(1,23)=3.158,
p=-089), and no effect in the null bias condition (F;(1,23)=.002, p=.962; F»(1,23)=.003,
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p=.96). In separate ANOVA analyses, Pragmatic bias was found to be significant in the
object gap condition (F;(2,46)=7.019, p=.002; F»(2,46)=5.04, p=.02), but not significant
in the subject gap condition (F;(2,46)=.932, p=.401; F»(2,46)=.522, p=.597). Bonferroni
pairwise comparisons showed that in the object gap condition, the strong bias condition
was significantly different from the null bias condition with both the participant analysis
(p1=-003) and the item analysis (p,=.047). None of the other pairs reached significance.
These results suggest that the interaction of Pragmatic bias and Gap type seems to be
primarily due to the higher rate of ‘yes’ responses in the strong bias object gap condition.
One conclusion drawn from Q3 is that there was only one sentence type that stood
out among the six. The sentence in the strong bias object gap condition was more likely
to lead to anomalous interpretations, while sentences in the other five conditions were not.
This is interesting if we compare these results with those from Question 1 in which
sentence naturalness was examined. Recall that in Q1, the sentence in the strong bias
subject gap condition was the one that stood out. That is, it is the only sentence type that
was judged as ‘natural’. Sentences in all other conditions were rated as ‘unnatural’. If
we assume that anomalous interpretations are associated with sentence difficulty as
indexed by naturalness ratings, all sentences except for those in the strong bias subject
gap condition should have produced an equally high percentage of misinterpretations.
What the results in Q3 indicated, however, is that not all ‘difficult’ sentences led to
anomalous interpretations. It is the dispreferred structure forced by the strong pragmatic
information that seems to cause anomalous interpretations. That is, people wanted to

analyze the sentence using a preferred structure (distant filler with a subject gap), but this
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was not pragmatically possible. This strong conflict between the pragmatic information
and the desired structure somehow impeded the correct interpretation of a sentence,
resulting in the high frequency of anomalous interpretations. Other difficult sentences

which involved ambiguity did not lead to anomalous interpretations.

5.1.3 Summary

The offline survey reported in this section investigated Japanese native speakers’
intuitions about double-gap RCs. Questions were asked concerning the overall
naturalness of sentences, the argument relationship of the fillers with an embedded verb,
and the possibility of an anomalous association of an intermediate predicate with the
following NP.%

The major conclusions drawn from this study are as follows. First, double-gap
RCs were difficult constructions as demonstrated by a high percentage of ‘unnatural’
ratings for those structures. The only sentence type that was rated as ‘natural’ was the
subject gap sentence in the strong bias condition. This is the type in which two fillers
contrast in animacy and the distant filler corresponds to a subject gap.

Second, there is a preference for interpreting the distant filler as involving a
subject gap. A sentence in the (strong bias) subject gap condition was rated as more
natural than the other types (Q1). More ‘yes’ responses were obtained for the sentences
whose distant filler was interpreted as the subject of the embedded predicate than the

sentences whose close filler was interpreted as the subject (Q2). Furthermore, sentences

% In an analysis including List as a between-participants variable in addition to the two within-participant
variables (Pragmatic bias and Gap type), some of the two-way and three-way interactions turned out to be
significant for Question 1 and Question 2. T have no explanation for these results.
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in the subject condition had a lower rate of misanalysis involving an intermediate
predicate (Q3).

This study also found that Gap type and Pragmatic bias interacted with each other
in some interesting ways. When the pragmatic information unambiguously supported the
preferred structure (with the distant filler linked to a subject gap), the sentence was
judged as natural and the interpretation was consistent among participants and items (as
shown in Q1 and Q2). On the other hand, when the pragmatic information strongly
biased toward the dispreferred structure, more disruption occurred. The sentence was
judged as unnatural and more prone to misinterpretation (Q1 and Q3), although people
still seemed to maintain the pragmatically plausible interpretation (Q2). When the
pragmatic information was not so strongly constraining so that an alternative
interpretation was possible, people tended to interpret the distant filler as agent so that the
resultant structure conformed to the preferred structure (Q2). The weaker the pragmatic
bias, the more likely the alternative interpretations were considered (Q2).

Finally, sentences in the mild bias condition require some comment. The overall
results show that this condition patterned more with the null bias condition than with the
strong bias condition. For example, the subject-object gap difference was much smaller
in the mild bias condition than in the strong bias condition, as demonstrated by a
marginal significance both in Q1 (overall naturalness) and Q3 (anomalous association).
For question 2 (argument relationship), however, when the relative strength of the
pragmatic bias was relevant in the evaluation of how much the preferred or dispreferred

structure is supported, there was a distinction between the mild and null bias conditions.
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These results suggest that the plausibility contrast used in the mild bias condition is a
weak cue and useful only to the extent that it provides additional support for a given
structure. In this sense, it differs from the animacy contrast manipulated in the strong
bias condition, which is a strong reliable cue that could be used immediately in
processing.

To conclude, this survey demonstrated that Japanese native speakers preferred a
subject gap to an object gap in interpreting possible gaps for distant fillers of double-gap
RCs. This asymmetry was more apparent in sentences whose fillers differed in animacy
(i.e., the strong bias condition) than sentences whose fillers were both animate but
differed in their plausibility for agency (i.e., the mild bias condition). In the sections that
follow, the results of this survey are further examined in two online experiments to see
how these different types of information sources are used in online processing and where

differences are observed.

5.2 Experiment 4

This study examined the real-time effect of the subject-object gap asymmetry
using a self-paced reading experiment. The offline survey reported in the previous
section found that there is a preference among native Japanese speakers for interpreting
the distant filler as involving a subject gap. If this preference stems from a difference in
computational cost in the process of licensing an RC, i.e., identifying a gap and resolving
a filler-gap dependency, the asymmetry should appear at the head noun of the RC and
should be detectable experimentally. (See Chapter 3 for related findings from previous

studies and chapter 4 for supporting evidence from single-gap RCs.)
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The previous chapter tested two different hypotheses that predict the processing
difficulty of RCs by making reference to distance between gap and filler. The hypotheses
are the Linear Distance Hypothesis and the Structural Distance Hypothesis. The former
hypothesis claims that the longer the linear distance between gap and filler, the more
difficult it is to process. This account measures distance by counting the number of
words (or new discourse referents) intervening between gap and filler (e.g., Gibson 1998,
2000). The latter hypothesis claims that the longer the structural distance, the more
difficult to process, where distance is defined structurally in the syntactic representation
(O’Grady 1997).

As in the case of single-gap RCs, these two hypotheses make different predictions
for the relative difficulty of double-gap RCs. To illustrate them, consider the double-gap
RCs in (8). (Here, I am only concerned with the distance between a gap and the distant

filler. See Section 5.2.1.6 for reasons.)

(8) a. Double-gap RC with distant filler involving a subject gap

[[ei e; yoyakushita] sekij-ga totemo kitanakatta] kya!kui-wa okotteita.
reserved  seat-NOM very  dirty-was customer-TOP angry-was
‘(Lit)The customer; [that the seat; [that ¢; reserved ¢;] was very dirty] was angry.’

b. Double-gap RC: with distant filler involving an object gap

[[ei e yoyakushita] kyakuj-ga  jikan-ni okureta] sekij-wa katadukerareteita.
reserved customer-NOM time-to late-was seat-TOP put-away-was
‘(Lit)The seat [that the customer [that e; reserved ¢;] was late] was put away.’
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The Linear Distance Hypothesis predicts that sentences (8a) and (8b) will show no
differences since the linear distance, calculated in terms of intervening words between
‘customer’ and the subject gap in (8a) is the same as the distance between ‘seat’ and the
object gap in (8b). In both cases, four words (three words if the time adverb is not
included) intervene between the gap and filler. On the other hand, the Structural Distance
Hypothesis predicts that (8a) should be easier to process than (8b) since a subject gap is

higher in the structure and thus closer to the distant filler, as illustrated in (9).

9 Structure of a double-gap RC

NP
p NP
distant filler
/NP\ /I\
1P NP VP 1

VP I

AN

O-gap \Y

This online study tested double-gap RCs only in the strong bias condition (fillers
such as ‘customer’ and ‘seat’ as in (8)). There were two reasons to limit the materials to

this condition. First, it was the condition that showed the greatest subject-object
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asymmetry in the offline study. Therefore, it is likely that an online experiment could
detect a difference. If there is a difference, this would serve as baseline data for a
subsequent online experiment in which the effect of pragmatic bias could be investigated
in more detail. Second, because the two double-gap RCs in (8) contain different lexical
items in the critical region (i.e., distant filler), they had to be compared with a pair of
control sentences which did not involve a long-distance filler-gap dependency. If an
asymmetry is found both in double-gap RCs and control sentences, it is likely that the
difference is not due to the computational cost involving the dependency resolution but to
different lexical items at critical regions. On the other hand, if an asymmetry is found
only in the double-gap RC, it suggests that the difference is a processing effect pertaining
to the resolution of filler-gap dependencies. (A more detailed description of control

sentences is given later.)

5.2.1 Method
5.2.1.1 Participants
Thirty-two graduate students at NAIST and people from the surrounding

community were paid for their participation. All were native speakers of Japanese.

5.2.1.2 Materials

Twenty-four sets of double-gap RCs were prepared for the experiment. Each set
consisted of four sentences that differed in terms of two factors, Sentence type (double-
gap RCs vs. adverbial clause) and Gap type (subject vs. object) of the distant filler. A

sample set of sentences is shown below.
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(10) a. Double-gap RC, distant filler involving a subject gap

[[ei ej yoyakushita ] sekij-ga kitsuenseki-no  tonariniatta | kyaku;-wa
reserved seat-NOM smoking-area-GEN next-to-was customer-TOP

hoka-no seki-ni kaesaseta.

other-GEN seat-to made-changed

‘The customer that the seat that (he) reserved was next to the smoking section

made (them) change to another seat.’

b. Double-gap RC, distant filler involving an object gap

[[e; e; yoyakushita ] kyaku;-ga  jikan-ni okureta ] seki;-wa hoka-no
reserved customer-NOM time-to late-was seat-TOP other-GEN

kayku-ni  mawasareta.

customer-to was-given

‘The seat that the customer that reserved (it) was late was given to another

customer.’

c. Adverbial clause, matrix topic involving a subject pro

[proi e; yoyakushita | sekij-ga kitsuenseki-no tonariniatta-node Kkyaku;j-wa
reserved  seat-NOM smoking-area-GEN next-to-because customer-TOP

hoka-no seki-ni kaesaseta.

other-GEN seat-to made-changed

‘Because the seat that (pro) reserved was next to the smoking section, the

customer made (them) change to another seat.’

d. Adverbial clause, matrix topic involving an object pro
[ei proj yoyakushita ] kyakuj-ga jikan-ni okureta-node  sekij-wa hoka-no
reserved customer-NOM time-to late-was-because seat-TOP other-GEN

kyaku-ni  mawasareta

customer-to was-given

‘Because the customer that reserved (pro) was late, the seat was given to another

customer.’

Sentences (a) and (b) are double-gap RCs, and sentences (c) and (d) are control
sentences with adverbial clauses. In sentence (a), the distant filler ‘customer’ is
associated with a subject gap in the most embedded clause, while in sentence (b), the

distant filler ‘seat’ is associated with an object gap. For each sentence, the thematic role
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of each filler is pragmatically disambiguated. For example, ‘customer’ is the only
plausible agent and ‘seat’ is the only plausible theme for the verb ‘reserve’. Furthermore,
the intermediate predicate (words 3 and 4) was constructed so that it was semantically
incompatible with the immediately following NP (word 5). This was to avoid a possible
misanalysis, as was reported in the Experiment 3.

The structural difference between double-gap RCs and control sentences with
adverbial clauses needs some explanation. The control sentences consisted of an
adverbial clause and a matrix clause. The adverbial clause started from the beginning of
the sentence and ended with a conjunction ‘because’ that was attached to its predicate.
Half of the test sentences contained the conjunction node and the other half conta\ined the
conjunction fameni, both of which mean ‘because’ in Japanese. This was to prevent
participants from paying attention to sentences with a particular lexical item. The most
important difference between the double-gap RCs and the control sentences was the
function of the critical word (in bold). In double-gap RCs, it was the matrix topic serving
as the second filler of a preceding RC. This filler formed a filler-gap dependency with
one of the gaps. In the control sentences, it was the matrix topic. Because the
immediately preceding clause was not an RC, the matrix topic did not form a filler-gap
dependency. Instead, it formed a coreferential relationship with a null pronoun in the
most embedded RC.

Except for the conjunction ‘because’ attached to the predicate of the adverbial

vclause, the control sentences (c) and (d) were identical to the double-gap RCs (a) and (b)

respectively. A complete set of test sentences is provided in Appendix G.
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These twenty-four sets of quadruplets were distributed into the four lists for
presentation to participants. Sixty non-experimental sentences with various structures
were inserted into each list in a pseudo-random order so that at least one non-

experimental sentence intervened between any two test sentences.

5.2.1.3 Design

Experiment 4 was designed for a two-way ANOVA with repeated measures on
two factors — Sentence type and Gap type. The first factor, Sentence type, had two levels
(double-gap RC vs. control sentence), and the second factor, Gap type, had two levels
(subject gap vs. object gap). Crossing these two factors, the experiment had a total of
four conditions. There were two dependent variables — response accuracy to the end-of-
sentence comprehension questions (%) and reading times (msec.) of each region of a

sentence. See Section 5.2.1.7 for the procedure to calculate each dependent measure.

5.2.1.4 Pretest norming study 3

Since Experiment 4 used slightly different sets of materials from those used in
Experiment 3, a plausibility norming study was conducted in order to ensure two points —
(1) whether the pragmatic bias manipulated in the fillers had the intended effect, and (2)
whether the intermediate predicate was semantically incompatible with the immediately
following NP. A complete description of the pretest and the results are provided in

Appendix B.
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5.2.1.5 Procedure

The procedure for the main experiment was identical to that described for single-
gap RCs in chapter 4. Participants read sentences silently in a word-by-word self-paced
reading experiment with moving-window presentation. The slashes in (11) show the

segmentation of a test sentence.

(11) a. Double-gap RC, distant filler involving a subject gap
wl w2 w3 w4 w5
Yoyakushita / seki-ga / kitsuenseki-no / tonariniatta /kyaku-wa /
reserved  seat-NOM smoking-area-GEN next-to-was customer-TOP
wb w7

hoka-no seki-ni / kaesaseta.

other-GEN seat-to made-changed

“The customer that the seat that (he) reserved was next to the smoking section

made (them) change to another seat.’

At the end of each sentence, a comprehension question appeared and asked about
the content of the embedded clause, the intermediate clause, or the main clause. The
participant answered by pressing either the ‘yes’ or ‘no’ button. The number of correct

‘yes’ and ‘no’ answers and question types were counterbalanced across lists. No

feedback was provided for participant’s answers.

5.2.1.6 Predictions
This experiment tested the predictions proposed by the two distance metrics. The
Linear Distance Hypothesis counts the number of words (discourse referents) between

gap and filler, and predicts no difference between the subject and the object conditions of
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double-gap RCs. This is because a subject gap and an object gap are adjacent to each
other in the most embedded clause, and consequently equally far from the distant filler.
The Structural Distance Hypothesis, on the other hand, predicts that double-gap RCs with
a distant filler involving a subject gap are easier to process than double-gap RCs with a
distant filler involving an object gap. A subject gap is structurally higher than an object
gap in the structure, and thus closer to the distant filler.

The critical region of comparison was region 5, which contained the distant filler
for a double-gap RC and the matrix topic for a control sentence. There are several
reasons why the distant filler was chosen as the critical region. At the close filler (region
2), the reader has only seen a verb and a filler. Upon seeing a transitive verb, the parser
postulates two gaps. When the close filler is received, a decision has to be made about its
dependency. There are two options — to resolve the dependency with a subject gap or
with an object gap. However, it is possible that this decision can be influenced by
multiple factors, such as an inherent processing cost between different gaps, the relative
frequency of a dropped argument, a preference for filling either one of the positions in an
argument grid, and so forth. At the distant filler, on the other hand, the processing of the
filler is more constrained, since one of the gaps has already been filled (at the close filler).
Recall that in this experiment, the thematic roles of the fillers were pragmatically
disambiguated. It is assumed that regardless of the various factors involved, the
resolution of the first dependency is completed at the close filler or soon after that, and so

little ambiguity would be carried over to the distant filler. Since it is pragmatically clear
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which gap the distant filler must be assigned to, it is possible to detect any inherent
processing cost associated with resolving a filler-gap dependency.

The following summarizes the predictions for Experiment 4. The Linear Distant
hypothesis predicts that there should be no difference between sentences in which the
distant filler corresponds to a subject gap and those in which the distant filler corresponds
to an object gap. Thus, reading times of the distant filler in the two gap conditions should
be the same. The Structural Distance Hypothesis predicts that a dependency with a
subject gap should be easier than a dependency with an object gap. Therefore, the
reading time of the distant filler should be shorter when it corresponds to a subject gap
than when it corresponds to an object gap.

As for the control sentences, which do not involve a long-distance filler-gap
dependency, neither hypothesis predicts a difference between the matrix topic coindexed
with a dropped subject argument and the matrix topic coindexed with a dropped object
argument. Therefore, unless there is a difference that stems from different lexical items
at these positions, no processing difference is expected within these control sentences.

Assuming that there is no difference attributed to different lexical items at the
critical region, the Structural Distance Hypothesis predicts a significant effect of Gap
type for the double-gap RC construction, while the Linear Distance Hypothesis predicts a
null effect of Gap type for the double-gap RC construction. On the other hand, neither
hypothesis predicts an effect of Gap type in the control sentences, which do not involve a
filler-gap dependency at the critical region. Therefore, the Structural Distance

Hypothesis also predicts a reliable interaction of Gap type and Sentence type, while the
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Linear Distance Hypothesis predicts no such interaction. Finally, both hypotheses should
predict a main effect of Sentence type. Previous studies including Experiment 1 and 2 of
the present study have shown that the processing of a filler-gap dependency is costly

compared to structures without such a dependency. If this is true, double-gap RCs should

be generally more difficult than the control sentences, regardless of Gap type.

5.2.1.7 Data analysis

All participants’ data were used for the data analysis. The mean percentage of
correct response for all test sentences plus the twenty-eight filler sentences was 89.5%,
ranging from 71.2 to 100%.

The experiment had two dependent variables — response accuracy to end-of-
sentence comprehension questions and the reading time for each region of a test sentence.
For the comprehension questions, each condition’s mean response accuracy (%) was
calculated for each participant and for each item. For the reading times, each
conditionxregion mean reading time was calculated for each participant and for each item.
For each dependent variable, two-way ANOV As with repeated measures on both
Sentence type (RC vs. Control) and Gap type (Subject vs. Object) were carried out in
order to examine the effect of each independent variable and an interaction of the two
factors. Separate ANOV As were performed, one treating the two factors as within-
participant (F;) variables and one treating them as within-item (F;) variables. When the
interaction of the two factors turned out to be significant, subsequent analyses were

conducted in order to examine the nature of the interaction.
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For reading times, no data was removed from analyses and no trimming
procedure was conducted. The results presented below are thus raw reading times for

each region.

5.2.2 Results
5.2.2.1 Comprehension questions
The mean percentage of correct response to end-of-sentence comprehension

questions is given below.

Table 5.6. Experiment 4: Mean response accuracy for comprehension questions.

Double-gap RC Control
Subject gap 93.2% 94.8%
Object gap 87.5% 89.1%

There was a significant main effect of Gap type (F1(1,31)=7.699, p =.009; F»(1,23)=4.41,
p =.047), as demonstrated by the higher percentage of correct responses to subject gap
conditions than to object gap conditions. The tests of Sentence type and the interaction of
the two factors did not reach significance (p<.1). In sum, subject gap sentences were
comprehended better than object gap sentences regardless of sentence type.

Neither the Structural Distance Hypothesis nor the Linear Distance Hypothesis
predicted a main effect of Gap type without an interaction of Gap and Sentence type.
However, it is too early to draw any conclusion at this point. Overall sentence
comprehension does not necessarily reflect processing difficulty at particular points in a

sentence but could also reflect other factors, such as sentence plausibility and discourse
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integration. What seems important here is that the response accuracy was generally high,

which suggests that the sentences were comprehensible.

5.2.2.2 Reading times
Table 5.7 and Figure 5.10 present the reading time results.

Table 5.7. Experiment 4: Mean reading times (msec.).
Wi w2 W3 W4 W5 wé W7

(V)| (NP)| (NP/PP) (V) (NP)| (NP/PP) V)

a. RC, S-gap 790 777 739 771 885 593 703
b. RC, O-gap 787 966 902 814 1149 648 774
c. Control, S-gap 727 864 695 903 630 570 741

d. Control, O-gap 768 925 870 965 617 582 705
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Figure 5.10. Experiment 4: Mean reading times (msec.)
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At word 2 (the close filler), sentences in the object gap condition were read
significantly more slowly than sentences in the subject gap condition regardless of the
sentence type (Gap type: F1(1,31)=6.710, p =.014, F»(1,23)=16.906, p <.001), and this
effect was extended into the next region, word 3 (Gap type: F1(1,31)=13.430, p =.001,
F2(1,23)=8.461, p =.008). Other factors were not significant in any of the regions (p<.1).
(See the discussion section for possible interpretations for these results.)

At word 4 (the verb of the intermediate/adverbial clause), there was a significant
main effect of Sentence type (F1(1,31)=9.980, p =.004, F(1,23)=8.697, p =.007), as
demonstrated by the longer reading time in the control sentences (mean =934) than in the
double-gap RCs (mean = 792.5). This seems to be due to an extra morpheme (-node or -
tameni ‘because’) attached to the predicate of an adverbial clause. Other effects were not
significant (p>.1).

At word 5 (the distant filler), there was a reliable effect of Sentence type
(F1(1,31)=40.462, p <.001, F»(1,23)=49.097, p <.001), Gap type (F1(1,31)=5.337, p =.028,
F2(1,23)=6.333, p =.019) and an interaction of the two factors (F1(1,31)=4.734, p =.037,
F2(1,23)=5.258, p =.031). A main effect of Sentence type was due to the fact that
Japanese readers spent significantly longer reading the distant filler of double-gap RCs
than reading the matrix topic of control sentences. This suggests that the processing of
sentences with a long-distance filler-gap dependency is more costly than sentences
without such a dependency. Furthermore, the interaction indicates that the Gap type did
not have a uniform effect across Sentence types. In double-gap RCs, the distant filler

involving a subject gap was read significantly faster than the distant filler involving an

176



object gap. (One-way ANOV As found a reliable effect, F;(1,31)=5.968, p =.02;
F2(1,23)=6.31, p =.019). In the control sentences, by contrast, the reading time did not
differ between the matrix topic linked to a dropped subject in an adverbial clause and the
matrix topic linked to a dropped object. (One-way ANOV As found a null effect of Gap
type: F1(1,31)=.068, p =.796; F»(1,23)=.128, p =.724). The absence of a gap asymmetry
in the control sentences suggests that the gap contrast found in the double-gap RCs was
unlikely to be due to the difference in lexical items. If it were, a similar contrast should
have been observed in the control sentences. These results suggest that there is an
inherent processing difference between filler-gap dependencies and antecedent-pronoun
anaphoric processes, and the former process is sensitive to the position of a gap involved.
Overall, a processing advantage for a subject gap in the processing of double-gap RCs is
consistent with the prediction of the Structural Distance Hypothesis.

No other effects were significant in any other regions.

5.2.3 Discussion

Experiment 4 examined the online processing of double-gap RCs.”® The results
of a self-paced reading experiment provided additional support for a subject gap
advantage. A distant filler (of a double-gap RC) associated with a subject gap was read

significantly faster than a distant filler associated with an object gap. Since the

7 A statistical note: ANOV As including List as a between-participant variable found various two-way and
three-way interactions at each region of a sentence and in comprehension questions. Since some of the
interactions, such as a Sentence typexList interaction, were found in the regions where lexical items were
identical across lists, these interactions seem to be due to a difference in participants who were randomly
assigned to each list. As suggested in the previous chapter, increasing the number of participants for each
list and data trimming may resolve these problems in future studies.
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corresponding regions in the control sentences did not show any asymmetry, the subject-
object asymmetry found at the distant filler of double-gap RCs seems to reflect a
processing consequence of resolving a filler-gap dependency at the filler, as predicted by
the Structural Distance Hypothesis.

Experiment 4 found two major differences between double-gap RCs and the
control sentences. The distant filler of a double-gap RC was generally read more slowly
than the corresponding region of a control sentence. Also, there was a gap asymmetry in
double-gap RCs, while there was no equivalent asymmetry found in control sentences. It
seems that two different processes are taking place at the critical region (region 5). Ina
double-gap RC, the recognition of an RC structure and the resolution of a dependency
take place at the head noun position. It is therefore reasonable to assume that greater
processing resources are required at this position. Furthermore, because the resolution of
a filler-gap dependency is a computational operation on syntactic structure for the
purpose of licensing an RC, processing gaps at different structural positions must have an
immediate processing effect. In the control sentences, the matrix topic does not involve a
filler-gap dependency. It only serves as the antecedent of a missing argument that
appears in the most embedded RC. This involves a pronoun-antecedent anaphoric
process. It has been proposed by many researchers that the interpretation of plain
pronouns is resolved pragmatically rather than syntactically (O’Grady 2001, and
references therein). For example, “there is no principled limit on the set of potential
antecedents for a plain pronoun, which can have a more distant antecedent and can even

be used deictically” (p.9). The well-known constraint that a pronoun cannot have a local
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antecedent can also be achieved through a general functional principle that a plain
pronoun should not occur in a context whose referential dependency can be fulfilled by a
more restrictive reflexive pronoun (p.9). The structural position of a (null) pronoun
therefore has no relevance for its interpretation. Since it is not computed on structure, the
structural position of a (null) pronoun has no relevance for its interpretative process. It
follows that the greater processing cost and the gap asymmetry found at the distant filler
of a double-gap RC is likely to be a result of the online resolution of a filler-gap
dependency on the basis of structure.

Another finding that needs discussion is the increased processing load observed at
the close filler (word 2) and the following region (word 3) in the double-gap RC, object

gap condition. A sentence example is given below.

(12)  Double-gap RC, distant filler involving an object gap (=(10b))
wl w2 w3 w4 w5 wo....
[[ei e; yoyakushita ] kyakui-ga jikan-ni okureta ] sekij-wa hoka-no
reserved customer-NOM time-to late-was seat-TOP other-GEN
kayku-ni  mawasareta.
customer-to was-given
‘The seat that the customer that reserved (it) was late was given to another
customer.’
As stated earlier, the exact cause of this increased processing load is difficult to
determine because there are multiple possibilities. Whatever the reason is, however, it
appears that when two gaps are being postulated, filling a subject gap with the close filler
is dispreferred over filling an object gap with that filler. The assumption that the parser

recognizes the presence of two gaps is especially important here. If it is just a matter of
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resolving a single filler-gap dependency, previous results (including ones from this
thesis) have shown that a subject gap has an advantage over an object gap. In that case,
filling a subject gap with the close filler should be easier. But the results from the current
experiment suggest that when two gaps are presented, filling an object gap with the close
filler was much easier.

There are two likely factors that may account for this reversal — the consideration
of pro-drop frequency and a preference for filling the theme slot over the agent slot on the
theta grid of a transitive predicate. In Japanese, both subject drop and object drop are
permitted. But the former is more common than the latter. If the parser is informed
online by such frequency, it may want to assign the close filler to an object gap since the
resultant configuration conforms to the more frequent structure, i.e., a sentence with a
dropped subject. Alternatively, the parser may prefer to assign the close filler to an
object gap first over a subject gap because of thematic/argument relations. It has been
argued that there is an asymmetry among verbal arguments and that a direct object has a
closer relationship with its predicate than does a subject (Chomsky 1981, Marantz 1984,
O’Grady 1999, among others). For example, Marantz (1984:27) argues that “choice of
object (or other argument of a verb) affects the semantic role of the logical subject
whereas choice of logical subject does not affect the semantic role of the object”. That is,
the thematic role of a subject can be determined by the choice of a direct object, but the
thematic role of a direct object cannot be determined by the choice of a subject. If one of
the major tasks of sentence processing is to assign thematic roles to verbal arguments,

assigning the filler to an object gap facilitates the thematic role assignment process and as
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a consequence, facilitates the building of a sentence structure. However, further studies
are needed in order to examine what the preference is in assigning a filler to multiple
gaps and what kind of factors affect such a decision-making process.

Finally, one limitation of this experiment should be noted. The grammatical
relation of the head noun was not manipulated. Recall that in the study of single-gap RCs,
it was found that relation mismatch between a filler and a gap makes the processing of
object-gap RCs more difficult. If the same is true for the double-gap RC construction,
the processing difficulty involved in a sentence whose distant filler corresponds to an
object gap may be caused or increased by the relation mismatch between the gap and the
distant filler, which had a topic marker in this study. Whether or not changing the topic
marker to an accusative marker can reduce the processing difficulty at this position is an
empirical question that can be tested independently.

In conclusion, the results of the first online experiment on double-gap RCs found
a preference for double-gap RCs whose distant filler involves a subject gap over those
with an object gap. This is consistent with the results of an offline study which collected
native speakers’ intuitive judgments about the construction. A close examination of the
time course of processing revealed that the asymmetry appeared at the predicted distant
filler position. This suggests that the subject-object asymmetry is due to a processing
consequence of resolving a filler-gap dependency on the basis of syntactic structure, as
was found in single-gap RCs in Chapter 4. Furthermore, a clear subject-object
asymmetry observed in double-gap RCs and no equivalent asymmetry in control

sentences suggests that resolving a filler-gap dependency is fundamentally different from
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coreferential process between a (null) pronominal and its antecedent. The former is a
computational operation on syntactic structure, and the structural position of a gap is
crucial in predicting the computational cost required to resolve a dependency. The latter,
on the other hand, is a process resolved by making reference to discourse or pragmatic
knowledge, which does not need to be defined on syntactic structure. Therefore, an
immediate computational effect, the subject-object gap asymmetry, does not need to be
manifested at the point of encountering an antecedent. Rather, its pragmatic or discourse
effect is more likely to appear in the global interpretation process as demonstrated by the

gap asymmetry in response accuracy to comprehension questions.

5.3 Experiment S

The two experiments on the processing of double-gap RCs (Experiment 3 and 4)
have shown that a general preference for interpreting the distant filler as the subject of the
embedded predicate in fact stems from a'computational advantage of a subject gap in the
resolution of a long-distance filler-gap dependency. The distant filler involving a subject
gap was read significantly faster than the distant filler involving an object gap, while
there was no equivalent asymmetry in the control sentences without such a dependency.
Given that double-gap RCs are structurally ambiguous with no morphosyntactic
information specifying the dependencies between gaps and fillers, the results of these
experiments suggest that the Japanese parser actively makes use of plausibility
information of the fillers in the analysis of this construction. Then, a question arises as to
how the manipulation of plausibility information affects the online processing of double-
gap RCs, in particular, the gap asymmetry observed at the distant filler. In Experiment 4,
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the test materials were all pragmatically disambiguated, meaning that for a given pair of
fillers (close filler and distant filler), their thematic roles were uniquely identified
pragmatically. In order to test the effect of manipulating pragmatic information,
Experiment 5 included two additional levels of pragmatic bias, mild bias and null bias.
In the mild bias conditions, one of the fillers was more plausible as an agent than the
other one. In the null bias conditions, the two fillers were equally good as agent and

theme. See Section 5.3.1.6 for specific predictions prepared for Experiment 5.

5.3.1 Method
5.3.1.1 Participants

Twenty-four graduate students at NAIST and people from the surrounding
community were paid for their participation. All were native speakers of Japanese and

naive to the purpose of this study.

5.3.1.2 Materials

Twenty-four sets of sentences related to those used in the offline survey served as
the test sentences for this experiment.”' Each set had the following six conditions,
crossing Pragmatic bias (strong bias vs. mild bias vs. null bias) and Gap type (subject gap

vs. object gap). A sample set of the test sentences is shown below.

" In the offline survey, all six conditions had an intermediate predicate (i.e., word 4) that was semantically
compatible with the immediately following noun (i.e., the distant filler). In Experiment 5, the intermediate
predicate of the strong bias sentences (i.e., sentences (11a) and (11b)) was semantically incompatible with
the immediately following noun (as in Experiment 4), whereas that of mild bias and null bias sentences (i.e.,
sentences (11c) ~ (11f)) was semantically compatible.
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(13) a. Strong bias, distant filler involving a subject gap

[[ei ej yoyakushita ] sekij-ga kitsuenseki-no  tonariniatta ] kyakui-wa hoka-no
reserved  seat-NOM smoking-area-GEN next-to-was customer-TOP other-GEN

seki-ni kaesaseta.

seat-to made-changed

Plausible interpretation: ‘The customer that the seat that (he) reserved was next to the
smoking section made (them) change to another seat.’

Implausible interpretation: ‘The customer that the seat that reserved (him) was next to
the smoking section made (them) change to another seat.’

b. Strong bias, distant filler involving an object gap

[[ei ej yoyakushita ] kyakui-ga jikan-ni okureta ] sekij-wa hoka-no kayku-ni
reserved customer-NOM time-to late-was seat-TOP other-GEN customer-to

mawasareta.

was-given

Plausible interpretation: ‘The seat that the customer that reserved (it) was late was
given to another customer.’

Implausible interpretation: ‘The seat that the customer that (it) reserved was late was
given to another customer.’

c. Mild bias, distant filler involving a subject-gap

[[ei € yonda ] teninj-ga totemo shitsureidatta ] kyakui-wa tenchoo-ni  koogishita.
called clerk-NOM very rude-was customer-TOP manager-to complained
More plausible interpretation: ‘The customer that the clerk that (he) called was very
rude complained to the manager.’
Less plausible interpretation: ‘The customer that the clerk that called (him) was very
rude complained to the manager.’

d. Mild bias, distant filler involving an object-gap

[[ei e; yonda]kyaku-ga totemo shitsureidatta ] teninj-wa tenchoo-ni soodanshita.
called customer-NOM very rude-was clerk-TOP manager-to consulted
More plausible interpretation: ‘The clerk that the customer that called (him) was
very rude consulted with the manager.’
Less plausible interpretation: ‘The clerk that the customer that (he) called was very
rude consulted with the manager.’
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e. Null bias, distant filler involving a subject-gap
[[ei e yonda ] tsumaj-ga terebi-o miteita ] ottoj-wa niwa-ni deta.
called wife-NoM TV-Acc watching-was husband-TOP yard-to went
Assigned interpretation: ‘The husband that the wife that (he) called was watching TV
went out to the yard.’
Equally possible interpretation: ‘The husband that the wife that called (him) was
watching TV went out to the yard.’
f. Null bias, distant filler involving an object-gap
[[ei ¢ yonda ] otto;-ga terebi-o miteita | tsumaj-wa niwa-ni deta.
called husband-NoM TV-AcC watching-was wife-TOP  yard-to went
Assigned interpretation: ‘The wife that the husband that called (her) was watching TV
went out to the yard.’
Equally possible interpretation: ‘The wife that the husband that (she) called was
watching TV went out to the yard.’

The definition of each factor was the same as in the offline study. Pragmatic bias
refers to the strength of any pragmatic bias (i.e., people’s world knowledge or common
sense) that constrained the interpretation of fillers. In the strong bias condition, the
thematic role of fillers was pragmatically unambiguous. In the mild bias condition, one
filler was pragmatically more plausible than the other. In the null bias condition, both
fillers were equally plausible as agent or theme.

The second factor, Gap type, refers to the gap in the most embedded clause with
which the distant filler is associated. In the subject-gap condition, the distant filler was
associated with a subject-gap, while in the object-gap condition, the distant filler was
associated with an object-gap. The assignment of gap type in the null bias condition was
made arbitrarily since the fillers in this condition were biased as neither an agent nor a
theme. A complete list of experimental materials used in Experiment 5 is given in

Appendix H.
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These twenty-four sets of six sentences were distributed into six presentation lists
using a Latin Square procedure. Sixty-one non-experimental sentences were inserted into
each list in a pseudo-random order so that at least one non-experimental sentence

intervened between any two test sentences.

5.3.1.3 Design

Experiment 5 was designed for a two-way ANOVA with repeated measures on
both of the independent variables — Pragmatic bias and Gap type. Pragmatic bias had
three levels (strong vs. mild vs. null) and Gap type had two levels (subject gap vs. object
gap). Crossing these two factors, Experiment 5 had a total of six experimental conditions.
The effect of these independent variables was examined on two types of dependent
measures — interpretation choice and reading time of each region. See Section 5.3.1.7 for

the calculation procedure of these dependent measures.

5.3.1.4 Pretest norming study 4

A plausibility norming study was conducted in order to examine the plausibility
of each filler as an agent or a theme. Unlike the pretest reported for Experiment 3 and 4,
participants judged the plausibility of each filler as an agent or a theme without making
reference to the other filler. The results of this survey were particularly useful for
Experiment 5 in certain respects. Note that in the online processing of double-gap RCs,
the parser has to make a decision about the dependency at the close filler without
knowing the upcoming distant filler. In this sense, the plausibility judgment that was

made on the basis of one filler and a transitive predicate gives us a clue about the
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dependency decision the parser has to make at the close filler. A complete description of

the survey and the results are provided in Appendix C.

5.3.1.5 Procedure

The present experiment used a word-by-word self-paced reading experiment with
moving-window presentation. The basic procedure was identical to the one described for
the other experiments. The only difference was the type of end-of-sentence question. An
interpretation was presented at the end of each sentence, and the participant was asked to
respond by pressing the ‘yes’ or ‘no’ button depending whether or not the interpretation
was consistent with the content of the sentence just read. Table 5.8 provides a sample

interpretation for each condition.

Table 5.8. Experiment 5: Sample end-of-sentence interpretation choices.

Pragmatic | Gap type | Embedded | Closer Distant Interpretation presented

bias predicate | filler filler to participants

Strong S-gap reserved | seat customer | The customer reserved
O-gap reserved | customer | seat the seat.

Mild S-gap called clerk customer | The customer called the
O-gap called customer | clerk clerk.

Null S-gap called wife husband | The husband called the
O-gap called husband | wife wife.

5.3.1.6 Hypotheses and predictions

Before presenting the predictions for Experiment 5, several assumptions need to

be made clear. First, it is assumed that the Japanese parser conducts a structural analysis

incrementally by making use of available information in a sentence. Second, in the

absence of overt morphosyntactic information, the parser is assumed to utilize other

information sources, such as semantic/pragmatic information, in order to make structural
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decisions. Third, the Japanese parser recognizes an RC structure when the filler is
received. That is, the postulation of a gap does not automatically lead to the postulation
of an RC structure. In the case of double-gap RCs, this means that the parser will not
recognize the second relativization until the distant filler is encountered. Upon
encountering the close filler, the parser assumes that the sentence involves a single-gap
dependency and interprets the unfilled gap as a missing argument. This analysis is
maintained until the distant filler appears.

In Experiment 5, the predictions regarding processing cost at the distant filler are
constructed in relation to the processing decisions that are assumed to be made at the
close filler. This is because the inclusion of the mild and null bias conditions would
introduce ambiguity to the decision making at each filler. In the case of the strong bias
condition, both the close filler and the distant filler are fully pragmatically disambiguated.
Therefore, the resolution of the first dependency is assumed to be completed at the close
filler or soon after that, and little ambiguity would be carried over to the distant filler.
The distant filler would be assigned to an unfilled gap rapidly following the strong
pragmatic bias. In the case of mild bias and null bias conditions, on the other hand, both
fillers are human, animate entities, and thus the thematic roles of fillers are more or less
pragmatically ambiguous. It is likely that processing decisions at the close filler would
exhibit variation, and consequently a certain amount of reanalysis, interference, and
conscious evaluation of the thematic plausibility of two fillers would take place at the
distant filler. It follows that the processing cost at the distant filler depends on the

analysis the parser conducted at the close filler.
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A list of factors that are assumed to play a role at the close filler is presented in
(14). Among the four factors, I assume that animacy/thematic fit of a filler is the most
important factor (e.g., Hirose 1999, MacDonald, Pearlmutter, Seidenberg 1994a,
Trueswell, Tanenhaus, Garnsey 1994, among others that found a role for

semantic/pragmatic information during processing).

(14)  Factors at the close filler
a. Animacy/thematic fit of the filler

If animacy is the sole factor that influences a parsing decision, there is a
preference to associate an animate noun to the agent and an inanimate noun to
the theme of a verb. For verbs that take two animate arguments, an animate
noun at the close filler is likely to be interpreted as the agent. This is because
without information from the other argument, it is difficult to evaluate the
plausibility of its thematic role on the basis of the close filler alone.
Alternatively, the parser may use more detailed thematic plausibility of the
close filler even without receiving the distant filler. In this case, the more
plausible agent NP is assigned to the subject gap and the more plausible theme
NP to the object gap.

b. Computational cost associated with gaps

There is a preference for assigning the filler to a subject gap over an object
gap. A subject gap is higher in the structure, thus closer to the filler.
Therefore, a dependency with a subject gap is computationally less costly than
with an object gap.

c. The Argument hierarchy

There may be a preference to fill the theme slot of a verb’s argument grid first.
This would fulfill the thematic role requirement of an internal argument,
create a VP node earlier, and/or determine the thematic role of the subject
argument (Chomsky 1981, Marantz 1984, O’Grady 1999, and references
therein,).
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d. Pro-drop frequency
Subject drop is more frequent and natural than object drop. Therefore, there
may be a preference for assigning a filler to an object gap so that the resultant
configuration contains a missing subject argument.

Two different types of predictions are made at the close filler based on the

following two hypotheses.

(15) Hypothesis 1

The assignment of a gap for the close filler is determined based on the thematic fit

of the filler. [°X = Y’ is interpreted as ‘if the filler has the property of X, then it

is assigned to Y’]

e Strong bias: animate > subject gap; inanimate - object gap

o Mild bias: plausible agent > subject gap; plausible theme - object gap

¢ Null bias: ambiguous = other factors determine the decision

e.g., Follow animacy = subject gap
Follow argument hierarchy or pro-drop -> object gap

Under this hypothesis, the parsing decision is determined on the basis of the
plausibility of the close filler as a possible argument of the embedded verb. The animate
filler in the strong bias condition is assigned to the subject gap, and the inanimate filler to
the object gap. In the mild bias condition, the plausible agent filler will be assigned to a
subject gap and the plausible theme filler will be assigned to an object gap. In the null
bias condition, since the fillers are ambiguous in terms of thematic plausibility, the
decision will be influenced by various factors, such as the animacy of the filler, pro-drop
frequency, and argument hierarchy. As a result, the gap assignment pattern in this
condition will exhibit variation. The following is a summary of the predictions under this

hypothesis.
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Table 5.9. Experiment 5: Predictions for closer filler — Hypothesis 1:
Parsing decision based on thematic fit.

Condition W1 W2 Cost
Pragmatic | Gap Verb Close Assigned Confirming | Conflicting
bias type filler gap factors factors
Strong Subject | reserved | seat Objectgap |a,c,d b

Object | reserved | customer | Subjectgap |a, b c,d
Mild Subject | called clerk Objectgap |a,c,d b
Object | called customer | Subjectgap |a, b c,d
Null Subject | called wife Subjectgap | b c,d
Objectgap |c,d b
Object | called husband | Subject gap | b c,d
Objectgap |c,d b

*Cost factors: a = animacy/thematic fit of the filler; b = computational cost associated with gaps;
¢ = argument hierarchy; d = pro-drop frequency

In terms of the processing cost, the strong bias subject-gap and mild bias subject-

gap conditions are likely to be equally easy because of more confirming factors than in

other conditions.

The following presents another hypothesis that determines the processing decision

at the close filler.

(16)

Hypothesis 2

The assignment of a gap for the close filler is determined based on its animacy or
plausibility as an agent.

Strong bias: animate - subject; inanimate = object
Mild bias: animate = subject
Null bias: animate > subject

In this hypothesis, the parsing decision at the close filler is strongly influenced by the

animacy of the filler. This is based on the assumption that the evaluation of thematic

plausibility requires the presence of a verb and two arguments. Without information
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from the distant filler, the parser may not be able to determine the thematic plausibility of
the close filler. Since animacy is generally associated with agency, this information may
be utilized to make a parsing decision at the close filler. The following table is the
summary of gap assignment patterns (Hypothesis 2).

Table 5.10. Experiment 5: Predictions for closer filler — Hypothesis 2:
Parsing decision based on animacy.

Condition Wi w2 Cost

Pragmatic | Gap Verb Close Assigned Confirming | Conflicting
bias type filler gap factors factors
Strong Subject | reserved | seat Objectgap |a,c,d b

Strong Object | reserved | customer | Subjectgap [a, b c,d

Mild Subject | called clerk Subject gap | a, b c,d

Mild Object | called customer | Subjectgap |a, b c,d

Null Subject | called wife Subject gap |a, b c,d

Null Object | called husband | Subjectgap |a,b c,d

*Cost factors: a = animacy/thematic fit of the filler; b = computational cost associated with gaps;
¢ = argument hierarchy; d = pro-drop frequency
Under this hypothesis, the strong bias subject-gap is more advantaged than other
conditions with respect to the processing cost.
At the distant filler, information from both fillers is available. Therefore, it is
likely that the final parsing decision is made on the basis of the thematic fit of the two

fillers, as specified in the following hypothesis.
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(17)  Hypothesis 3

The assignment of a gap for the distant filler is determined based on the thematic
fit of the close and the distant fillers.

e Strong bias: animate > subject gap; inanimate = object gap
e Mild bias: plausible agent > subject gap; plausible theme = object gap
e Null bias: ambiguous > other factors determine the decision
e.g., Follow animacy = subject gap
Follow gap cost = subject gap
Avoid reanalysis = depends on earlier decisions (S-gap or O-gap)
In both the strong bias and mild bias conditions, the parsing decision follows the
respective pragmatic bias. In the null bias condition, the thematic plausibility of the
distant filler is still ambiguous. Therefore, the decision is subjected to other factors such
as animacy and gap cost. Following either factor, the distant filler is preferably assigned
to a subject gap. Note that only two factors — thematic fit (a) and gap cost (b) — are
assumed to be at play at the distant filler. That is, the argument hierarchy and pro-drop
frequency are not assumed to be applicable here because one of the gaps has already been
filled and there is only one gap left unfilled. The following tables summarize the

predictions that are assumed to takes place at the distant filler. Table 5.11 presents the

prediction based on Hypothesis 1 and 3.
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Table 5.11. Experiment 5: Predictions for distant filler — Hypothesis 1 & 3.

Wi W2 W2 W5 W5
Verb Close Assigned | Distant Preferred | Cost Difficul
filler gap filler gap -ty
SS | reserved | seat O-gap customer | S-gap
SO | reserved | customer | S-gap seat O-gap Gap *
MS | called clerk O-gap customer | S-gap (Ambiguity?) | (*)
MO | called customer | S-gap clerk O-gap Gap *
(Ambiguity?) | (*)
NS | called wife S-gap or | husband | S-gap Reanalysis | **
O-gap Ambiguity
Interference
NO | called husband | S-gap or | wife S-gap Reanalysis | **
O-gap Ambiguity
Interference

*SS: strong bias, S-gap; SO: strong bias, O-gap; MS: mild bias, S-gap; MO: mild bias, O-gap;
NS: null bias, S-gap; NO: null bias, O-gap.

* Asterisks in Difficulty indicate the relative processing difficulty of each condition. The more
asterisks, the more difficult the processing of the sentence.

In this hypothesis, a processing advantage is expected for the strong bias subject-
gap (SS) and mild bias subject-gap (MS) conditions. Strong bias object-gap (SO) and
mild bias object-gap (MO) are more costly than the former two conditions in that a long-
distance dependency must be formed with an object gap, which requires additional
computational cost. Sentences with a null bias are assumed to incur the greatest
processing cost. A certain amount of reanalysis is expected depending on the gap
assignment at the close filler. The reanalysis is also predicted to be very difficult because
of non-distinctiveness of the two fillers. Furthermore, some similarity-based interference
may impede a parsing decision from being made. Finally, although the strong bias
subject-gap and mild bias subject-gap conditions were predicted to be equally easy, it is
possible that the mild bias subject-gap condition would be a little more costly than the

strong bias condition because the pragmatic bias is mild and thus may lead to variability
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in interpretation. In sum, a strong interaction between bias type and gap type is predicted,
as indicated by the absence of gap asymmetry in the null bias condition and a processing
preference for a subject gap in both strong and mild bias conditions.

Table 5.12 presents the second prediction at the distant filler that is made based

on Hypothesis 2 and 3 described earlier.

Table 5.12. Experiment 5: Predictions for distant filler — Hypothesis 2 & 3.

W1 w2 W2 W5
Verb Close Assigned | Distant Preferred | Cost Difficul
filler gap filler gap R4
SS | reserved | seat O-gap customer | S-gap
SO | reserved | customer | S-gap seat O-gap Gap *

MS | called clerk S-gap customer | S-gap Reanalysis | *
(Ambiguity?) | (*)
MO | called customer | S-gap clerk O-gap Gap *
(Ambiguity?) | (*)
NS | called wife S-gap husband | S-gap Reanalysis | **
Ambiguity

Interference
NO | called husband | S-gap wife S-gap Reanalysis | **
Ambiguity

Interference
*SS: strong bias, S-gap; SO: strong bias, O-gap; MS: mild bias, S-gap; MO: mild bias, O-gap;

NS: null bias, S-gap; NO: null bias, O-gap.

In this hypothesis, the strong bias subject-gap (SS) condition has an advantage.
The strong bias object-gap (SO) and sentences in the mild bias condition (MS, MO) are
predicted to be more difficult than the strong bias subject-gap (SS) because of some cost-
inducing factors. It is also possible that sentences in the mild bias conditions (MS, MO)
are overall more difficult than those in the strong bias conditions (SS, SO) because of
ambiguity stemming from the weak pragmatic bias. The null bias conditions should be

the most difficult of all because of possible reanalysis, ambiguity, and interference. Note
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that the subject gap assignment for the distant filler in the null bias conditions is predicted
based on the assumption that the parser considers either animacy or gap cost (i.e.,
avoiding an object gap). Yet, it is also possible that the parser may avoid reanalysis and
choose to assign an object gap for the distant filler. Without pragmatic bias, there is in
principle nothing to prevent the distant filler from being assigned to an object gap. In this
case, the processing cost is still predicted to increase due to the inherent computational
cost associated with an object gap. At this point, it is not possible to distinguish between
the cost caused by reanalysis and the cost caused by a dependency involving an object
gap. Therefore, the processing cost observed at the distant filler in the null bias condition
can be explained by two possibilities. To summarize the predictions in this scenario, a
strong interaction between bias type and gap type is predicted, as demonstrated by the
absence of gap asymmetry in the mild and null bias conditions, contrasting with the

presence of an asymmetry in the strong bias condition.

5.3.1.7 Data analysis

Data from all participants were used for analysis. The mean response accuracy of
all participants to thirty-five filler sentences with unambiguous answers was 90.8%, with
individual scores ranging from 74.3% to 100%.

This experiment had two types of dependent measures — responses to the end-of-
sentence interpretation and mean reading times. For the interpretation choice, the
probability of choosing the ‘yes’ response (out of a total of four tokens) in each condition
was calculated for each individual. These scores were subjected to one-sample T-Tests to

examine whether the ‘yes’ response was chosen above chance. A 3x2 ANOVA with
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repeated measures on both Pragmatic bias and Gap type was also performed to examine
whether the probability of choosing ‘yes’ responses differed across conditions.

With respect to reading time data, each condition’s mean reading time was
calculated for each participant and for each item. Then, a 3x2 ANOVA with repeated
measures was performed for each region, treating Pragmatic bias and Gap type as within-
participants (F;) variables. A separate ANOVA was also conducted by treating the two
factors as within-items (F,) variables. When an interaction of Pragmatic bias and Gap
type turned out to be significant, subsequent analyses were conducted to determine the
nature of the interaction. The critical region of comparison was the distant filler position
(i.e., word 5) at which a double-gap RC structure is recognized and a long-distance filler-
gap dependency is resolved. No data was removed from analyses and no data-trimming
procedure was conducted. The reading time results presented below are thus raw reading

times for each region.

5.3.2 Results
5.3.2.1 Interpretation choice

Table 5.13 presents the meah number (and percentage) of ‘yes’ responses to end-
of-sentence interpretations. Figure 5.11 shows the mean percentage of ‘yes’ responses

for each condition. (See Table 5.8 above for sample sentences.)
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Table 5.13. Experiment 5: Number (percentage) of choosing ‘yes’ responses.””

Strong bias Mild bias Null bias
Subject gap 3.79 (94.8%) 3.17 (80.2%) 2.30 (55.2%)
Object gap 3.38 (84.4%) 2.33 (58.3%) 1.57 (40.3%)
*The scores are out of four tokens.
100%
’ B Subject gap
0
80% ‘ H Object gap
60%
40%
20%
0% :
Strong Mild Null

Figure 5.11. Experiment 5: Percentage of choosing ‘yes’ responses (%).

The subject-gap condition produced more ‘yes’ responses than the object-gap
condition. There was also a relation between the ‘yes’ response and the strength of
pragmatic bias: the stronger the pragmatic bias, the more the ‘yes’ responses. ANOVA

results found significant main effects of Pragmatic bias (F(2,46)=54.952, p <.001;

™ Because of some errors involved in the recording of responses, the participant analysis and the item
analysis yielded different means. The numbers shown in Table 5.13. are those for the participant analysis.
Means for the item analysis are:

Strong bias Mild bias Null bias

91.7% 79.9% 55.5%

84.4% 58.3% 40.3%

Subject gap
Object gap
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F2(2,46)=29.222, p <.001) and Gap type (F1(1,23)=12.382, p =.002; F»(1,23)=12.665, p
=.002). No interaction was observed (p >.1).”

Table 5.14 presents the results of the one-sample T-tests.”*

Table 5.14. Experiment 5: One-sample T-test results (Ho:pu=.5).

Pragmatic | Gap type | % of ‘yes’ | T-value | df Significance
bias (2-tailed)
Strong bias | Subject | 94.8% 17.245 23 .000*
Object 84.4% 8.752 23 .000*
Mild bias Subject 80.2% 6.355 23 .000*
Object 58.3% 1.356 |23 .188
Null bias Subject | 55.2% 816 23 423
Object 40.3% -1.909 23 .069
*p<.05

‘Yes’ responses were chosen above chance in the strong bias (both subject gap and object
gap) sentences and the mild bias subject-gap sentences. For the other conditions, the
choice of ‘yes’ or ‘no’ showed no consistency, except for a marginal significance for
more ‘no’ responses in the null bias object-gap condition.

In sum, the results of end-of-sentence interpretation choices found the predicted
effect of a structural preference and pragmatic information. Japanese speakers preferred
a sentence in which the distant filler of an RC is interpreted as the subject to a sentence in
which the distant filler is interpreted as a direct object, regardless of pragmatic bias.
When structural preference and pragmatic information matched (as in the strong bias S-

gap and mild bias S-gap conditions), judgments were more consistent with the a given

” ANOV As including List as a between-participant variable found a GapxList two-way interaction and a
BiasxGapXxList three-way interaction.

” The data from item analysis showed an identical pattern, with significance obtained in strong bias (S-gap
and O-gap) sentences, mild S-gap sentences, and marginal significance in null bias O-gap sentences.
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interpretation than when those information sources mismatched (as in the strong bias O-
gap and mild bias O-gap conditions). Also, the stronger the pragmatic bias, the more
consistent the judgments with the given interpretation. When pragmatic information
provided little information (as in the null bias conditions), responses exhibited more

variability, resulting in chance or near chance performance.

5.3.2.2 Reading times

Table 5.15 and Figure 5.12 present the mean reading time for each region of a

sentence.
Table 5.15. Experiment 5: Mean reading times (msec.).
Wi w2 W3 W4 W5 Woé W7
Verb 1| Close| PP/adv| Verb2| Distantf NP/PP| Verb3
filler filler

Strong bias, S-gap 788 851 813 734 1000 575 633
Strong bias, O-gap 837 991 855 726 1562 751 876
Mild bias, S-gap 768 970 986 753 2043 663 1045
Mild bias, O-gap 800 929 874 934 2290 713 1239
Null bias, S-gap 816 1272 960 776 2478 790 1225
Null bias, O-gap 744 1096 809 1003 2283 716 1276
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Figure 5.12. Experiment 5: Mean reading times (msec.).

At word 2 (the close filler), there was a significant main effect of Pragmatic bias
(F1(2,46)=6.169, p=.004; F,(2,46)=5.78, p=.006). A main effect of Gap type and a
biasxgap interaction did not reach significance (Gap type: Fi(1,23)=.127, p=.725,
F»(1,23)=.276, p=.604; Interaction: F(2,46)=1.607, p=212; F»(2,46)=2.848, p=.068).

For the pragmatic bias effect, reading times were the longest in the null bias condition,
followed by the mild, and the strong bias conditions. Bonferroni pairwise comparisons
found a significant difference between the strong and null bias conditions (p;=.023,
p2=.026), but not in other pairs (mildxnull: p;=.052, p,=.092; strongxmild: p=1). The
results seem to suggest that ambiguous thematic roles of the distant filler (in the null bias)

incurred a processing cost at an early point in a sentence.
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At word 4 (the predicate of the intermediate clause), the Gap type revealed a
reliable effect in the item analysis (F»(1,23)=4.488, p=.045), but it was marginally
significant in the participant analysis (F;(1,23)=3.590, p=.071). A main effect of
Pragmatic bias and a biasxgap interaction were not significant (Bias: F(2,46)=2.55,
p=.089; F»(2,46)=2.005, p=.146; Interaction: F1(2,46)= 1.833, p=.171; F»(2,46)=2.438,
p=.099). The results showed that object-gap sentences were read more slowly than
subject-gap sentences. However, this pattern seems to be only limited to the mild and
null bias conditions. The results of one-way ANOV As testing the gap effect found no
effect in the strong bias condition (F;(1,23)=.047, p1=.831; F»(1,23)=.016, p,=.899), but
found some effects in the mild bias (F;(1,23)=4.502, p;=.045; F»(1,23)=3.683, p,=.067)
and null bias conditions (F1(1,23)=2.222, p;=.150, F»(1,23)=4.320, p,=.049). It is not
clear why the effect of gap type was found at this position especially in the null bias
condition, where the pragmatic bias should be minimum.

Figure 5.13 presents the reading time at the distant filler (word 5).
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Figure 5.13. Experiment 5: Mean reading times at distant filler (msec.).

A robust main effect of Pragmatic bias was found (F;(2,46)=14.452, p <.001;
F2(2,46)=10.272, p <.001). The results of Bonferroni pairwise comparisons found that
the distant filler in the strong bias condition was read significantly faster than the distant
filler in the mild bias (p; =.002, p,=.001) and null bias conditions (p; =.003, p, <.001).
There was no difference between the mild bias and null bias conditions (p = 1). With
respect to the Gap type, no main effect was found (F,(1,23)=1.270, p=.271;
F(1,23)=2.063, p=.164). The interaction of Pragmatic bias and Gap type was significant,
but only in the participant analysis (F1(2,46)=3.325, p=.045; F»(2,46)=2.319, p=.110).
The interaction seemed to be due to the fact that there was a gap asymmetry in the strong
bias condition (i.e., shorter reading times for subject-gap sentences than object-gap
sentences), but there was no such an asymmetry in the mild bias and null bias sentences.

One-way ANOV As testing the effect of Gap type confirmed this pattern: there was a gap
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effect in the strong bias condition (F1(1,23)=4.819, p =.039; F»(1,23)=7.078, p =.014),
but not in the mild bias (F;(1,23)=1.223, p =.280; F,(1,23)=.811, p =.377) or the null bias
condition (F1(1,23)=.536, p =.472; F»(1,23)=.575, p=.456). Also, Bonferroni pairwise
comparisons testing the bias effect found that within the subject gap sentences, the strong
bias condition was significantly different from other two bias conditions (strongxmild:
p<.01, strongxnull: p<.01). Within the object gap sentences, the strong bias condition
was significantly different from the mild bias (p;=.018, p,=.09), and marginally different
from the null bias (p;=.09, p,=.083).

To summarize the results at the critical region, there was a processing advantage
for the strong bias condition over the mild and null bias conditions, suggesting ease of
processing when the thematic roles of fillers were strongly constrained. Furthermore,
within the strong bias condition, there was a preference for the distant filler to be linked
to the subject gap over the object gap. There was no gap asymmetry in the conditions
where pragmatic information provided little or no constraint on the thematic roles of
fillers.

At word 7 (matrix predicate), only a main effect of Pragmatic bias was found to
be significant (F1(2,46)=6.654, p=.003; F»(2,46)=7.46, p=.002). Bonferroni pairwise
comparisons showed that the reading time was significantly shorter in the strong bias
than the two other conditions: strong vs. mild, p;=.008, p,=.007; strong vs. null, p;=.04,

'p2=.006; mild vs. null, p=1).
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5.3.3 Discussion

Experiment 5 investigated the role of pragmatic information in the processing of
globally ambiguous structure and its effect on the subject-object asymmetry. In addition
to the conditions tested in Experiment 4 (i.e., the strong bias condition), in which the
thematic role of fillers was pragmatically unambiguous, Experiment 5 included two
additional pragmatic bias conditions — mild and null. In the mild bias condition, the two
fillers were both animate, but one of them was more plausible as agent of the action
denoted by the most embedded verb. In the null bias condition, the two fillers were fully
interchangeable in the sense that they were equally good as agent or theme.

The word-by-word reading times at the distant filler showed two major findings.
First, the sentences in the strong bias condition were read significantly faster than the
sentences in the mild and null conditions. Second, there was a clear gap asymmetry,
favoring a subject gap over an object gap, in the strong bias condition, while no such
asymmetry was found in the mild and null bias conditions. In the both mild and null bias
conditions, the reading times were extremely long, presumably showing processing
overload.

The overall reading time results were more consistent with the prediction under
hypothesis 2 and 3 (as shown in Table 5.12) than the prediction under hypothesis 1 and 3
(as shown in Table 5.11). Recall that the major difference between the two predictions
was that in hypothesis 1, the gap assignment at the close filler was determined on the
basis of the thematic fit of the filler, while in hypothesis 2 it was determined on the basis

of the animacy of the filler. However, caution is needed before drawing a conclusion
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about the processing decision at two fillers. First, the predictions were formulated under
an assumption that each cost factor leads to an equal amount of processing difticulty.
However, whether or not object gap assignment, ambiguity, and reanalysis incurs equal
processing difficulty needs to be investigated independently. Second, the processing
difficulty observed at the distant filler in the mild bias condition could be because the
pragmatic bias in this condition was too weak to be distinguished from the pragmatic bias
in the null bias condition.

The results of end-of-sentence interpretation choices also revealed similar patterns
to those of reading times. Across the three pragmatic bias conditions, there was a
preference for interpreting the distant filler as the subject of the embedded claﬁse over
interpreting the close filler as the subject of the embedded clause. And this preference
was stronger and more consistent as the pragmatic bias becomes stronger. When the
pragmatic bias was not constraining (i.e., the null bias) or when the distant filler was
weakly biased toward the theme (i.e., the mild bias object-gap condition), the preferred
interpretation in which the distant filler is encoded as the subject was not chosen
consistently, showing at chance or near chance probability.

Taken these results together, two conclusions can be drawn from Experiment 5.
Double-gap RCs are parsable or easy enough to construct syntactic and semantic
representations online only when the pragmatic information unambiguously indicates the
possible thematic roles of fillers. And, it is only under these circumstances that a subject-

object gap asymmetry is manifested. In the reminder of this section, I will discuss the
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processing difficulty/ease of double-gap RCs from the three approaches in sentence

processing, and the relationship between ambiguity and gap asymmetry.

5.3.3.1 Processing difficulty in the mild and null bias conditions

There are three fypes of accounts that would predict the processing difficulty
observed at the distant filler of the double-gap RCs in the mild and null bias conditions.
First, it has been reported that the processing load increases from ‘similarity-based
interference’ between NPs from the same semantic and/or syntactic class (Gordon,
Hendrick, & Johnson 2001:1412, Lewis & Nakayama 2002). Memory representations of
similar constituents are similar enough to interfere with each other when processing or
retrieving information associated with them. In the case of double-gap RCs in the mild
and null bias conditions, this account would predict that reading time increases at the
distant filler because of interference from the close filler. Both fillers are human, animate,
and plausible agents. Therefore, when the parser encounters the distant filler and makes a
decision about the filler’s role in the embedded clause, the information from the close
filler could interfere with this evaluation process.

Alternatively, the increased reading time at the distant filler may reflect the
difficulty involved in revising the initial analysis of a structure. The Garden Path model
assumes that the parser considers only one analysis at a time and corrects it when
subsequent information contradicts the analysis (Frazier 1987a, 1989, Frazier & Rayner
1982). In this model, the initial parsing is assumed to proceed solely on the basis of
structural considerations, such as phrase structure rules and the syntactic categories of

words. When an ambiguity is detected, a processing decision is guided by parsing
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strategies, such as Minimal Attachment and Late Closure. Non-structural information,
such as pragmatic and detailed lexical information, becomes available at a later
evaluation stage, and reanalysis occurs if necessary. Under this account, the increased
reading time found at the distant filler in the mild and null conditions could be accounted
for by the difficulty involved in reanalysis. Suppose the parser detects ambiguity at the
closer filler and assigns it to a subject gap by following some sort of parsing principle,
such as one that prefers a computationally less costly operation to a costly one. When the
distant filler is received, the parser initially assigns it to an object gap since the gap has
not been filled. Soon after this assignment is completed, a strong error signal should
appear due to the mismatch between the object gap and the plausible agent property of
the distant filler. And, this triggers reanalysis.

There are several reasons to assume that such reanalysis may impose substantial
processing demands. First, a double-gap RC is highly complex. It has two filler-gap
dependencies. A large portion of working memory may have been consumed by the time
the distant filler is integrated, and consequently fewer resources would be available for
reanalysis.

Second, reanalysis would also be difficult because both the close filler and the
distant filler are potentially good agents, and this may not be constraining enough to
make a quick decision about the dependencies.

Third, it has been proposed that “revising semantically interpreted decisions is
more costly than revising semantically uninterpreted ones” (Frazier & Clifton 1998:148).

Since reanalysis of the two dependencies will involve the revision of the thematic role
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that has been assigned to the close filler, it is reasonable to assume that reanalysis at the
distant filler would be very difficult.

Fourth, due to the limitation of processing/attentional resources, the revision of a
structure that has been built earlier is assumed to be more difficult than the revision of a
structure that has been built more recently (Frazier & Clifton 1998:163-4). Again,
reanalysis of the two dependencies requires access to information that appeared earlier in
a sentence — the embedded predicate and the close filler — as well as the distant filler.
Therefore, these revisions would be very difficult.

In sum, although it is not clear whether all these factors combine to make
reanalysis more difficult or whether one is more crucial than another, a great deal of
difficulty is predicted for reanalysis at the distant filler.

In contrast to the model described above, a third view of sentence processing
would claim that the processing difficulty observed at the distant filler reflects the
difficulty of selecting a particular structure, presumably as a result of insufficient
information. In the interactive approach to sentence comprehension (e.g., MacDonald,
Pearlmutter & Seidenberg 1994b, Trueswell, Tanenhaus, & Kello 1993), both syntactic
and non-syntactic factors are assumed to influence simuitaneously the activation level of
a particular structure. In the case of double-gap RCs, the syntactic cue is very weak since
the structure is formally ambiguous with respect to the dependencies between gaps and
fillers. The pragmatic cue is also weak in the mild and null bias conditions in that it does
not help activate one structure more strongly than the other. For example, being animate

and a good agent, the close filler in the null bias condition may activate a subject-gap
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analysis. The activation of this analysis may become stronger since assigning a filler to a
subject gap is computationally less costly. When the distant filler is encountered, this
filler would activate a subject-gap analysis for the same reason outlined for the close
filler. Therefore, the two subject analyses that have been activated in the system would
compete with each other. Without sufficient information that would strengthen the
activation of one analysis over the other, dependencies may not be resolved, resulting in

great processing difficulty.

5.3.3.2 Easy processing in the strong bias condition

In contrast to the processing difficulty in the mild and null bias conditions, all
these approaches predict generally easy processing for sentences in the strong bias
condition. In the similarity-based interference account, parsing can proceed without
interference because an animate NP and an inanimate NP at the fillers are semantically
and pragmatically distinct. Then, what makes a difference at the distant filler is the
structural position of the gap. A subject gap is structurally higher, thus easier to form a
dependency with.

Consider the Garden Path model. Recall that in this model, initial parsing is
guided only by structural information such as the phrase structure rules. Without such
information at the closer filler, an ambiguity-resolution parsing strategy will be applied.
Again, suppose that the parsing strategy initially assigns a subject gap to the close filler.
In the case of the subject-gap condition, the close filler is ‘seat’. Soon after a subject gap
is assigned to this filler, a strong error signal will appear because of the mismatch
between the subject gap and the thematic plausibility of the filler. Thus, reanalysis must
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be initiated. However, reanalysis will be conducted with relative ease due to the strongly
constraining pragmatic information. As a result, an object gap will be linked to the close
filler. At the distant filler ‘customer’, only a subject gap is available, and is thus assigned
to the filler. No error signal will be detected because of the feature match between the
gap and the filler. In the case of double-gap RCs in the object-gap condition, the close
filler is ‘customer’. The parsing strategy initially links the subject gap to this filler. No
feature mismatch will be detected and thus no reanalysis is needed. At the distant filler
‘seat’, only an object gap is available and it is therefore linked to the filler. No error
signal will appear. However, forming a dependency with an object gap is
computationally more costly. This makes the processing of the distant filler more
difficult in the object-gap condition than in the subject-gap condition. In summary, in the
Garden Path model, the reading times of the distant filler in the strong bias condition
should be relatively short because no reanalysis is involved at this position. A subject-
object asymmetry is expected because there is an inherent computational difference
between the two gaps.

In an interactive model, the relative ease of the strong bias condition is also
predicted. Recall that multiple information sources are assumed to be used
simultaneously in parsing. In the both subject-gap and object-gap conditions, the strong
pragmatic bias unambiguously selects a structure at each filler. For example, ‘seat’ is
assigned to an object gap and ‘customer’ to a subject gap. Then, the difference at the
distant filler between ‘customer’ and ‘seat’ will be computationally determined. A

subject-gap is easier to compute than an object gap.
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5.3.3.3 Gap asymmetry in the absence of ambiguity

From the above discussion and the finding that a subject-object gap asymmetry
appeared only in the strong bias condition, it seems clear that a gap asymmetry is
manifested when a sentence contains no ambiguity. However, it is not clear how ‘the
absence of ambiguity’ leads to the emergence of a gap asymmetry.

It seems that there are two necessary conditions for an asymmetry to appear. The
parser needs to recognize that there is a gap in a clause preceding the filler. More
importantly, the parser also needs to know the position of a gap. As for the first
condition, it is likely that for all double-gap RCs, the parser is able to postulate two gaps
in the most embedded clause on the basis of the argument structure of a predicate and the
absence of overt NPs in the clause. It is thus the second condition that seems to separate
the strong bias condition from other bias conditions in terms of the appearance of a gap
asymmetry.

In the strong bias condition, the strongly constraining pragmatic information
uniquely specifies the thematic role of fillers and thus makes clear about the position of a
gap. This enables the parser to assign the filler to a gap rapidly as soon as the filler is
received. Then, what emerges in this process is a difference in computational cost. The
subject gap is higher in the structure, where it can enter into a dependency with the filler
at relative little computational cost.

Consider the mild and null bias conditions where a gap asymmetry was not
observed. Again, it is assumed that the parser recognizes that there are two gaps in the

most embedded clause. What is missing in these conditions seems to be a reliable
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information about the position of a gap that is to be associated with each filler. There is
no morphosyntactic information in this construction that specifies the dependencies
between gaps and fillers. The pragmatic information is also weak. This creates variation
in the interpretation of the role of the fillers (across participants and items) as evidenced
by the results of the end-of-sentence interpretation choice in Experiment 5. Recall that
the response to a given interpretation was inconsistent (i.e., at chance or near chance
performance) in the mild bias object-gap condition and the null bias conditions. Since
the parser is not able to make a rapid and consistent decision about the two dependencies,
a gap asymmetry, a computational consequence of the rapid integration of the filler with
a gap, is less likely to occur.

Clarification is necessary with regard to the considerable processing difficulty
observed at the distant filler of double-gap RCs in the weakly biased conditions.
Although ambiguity may reduce or remove the gap asymmetry, it is less likely that it is
the sole cause of the considerable processing difficulty found at the distant filler in these
conditions. As acknowledged in the sentence processing literature, not all ambiguous
structures are extremely difficult to process. It seems that the involvement of two filler-
gap dependencies together with the presence of ambiguity combine to make the double-
gap RC in the mild and null bias conditions very difficult to process.” A filler-gap

dependency has been shown to incur processing cost. (See Chapter 3 for previous

®A double-gap RC contains three clauses. Assuming that the parser needs to construct both syntactic and
semantic representations of a sentence, the processing of double-gap RCs is both syntactically and
semantically complex.
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findings on this issue). The present study also found that the reading time increased at
the filler of a single-gap RC (Experiment 1 and 2). The reading time was also
significantly longer at the distant filler of a double-gap RC than at the corresponding
region of a control sentence without a filler-gap dependency (Experiment 4). When the
thematic roles of the fillers are ambiguous, the parser not only computes a long-distance
dependency involving the distant filler but also reevaluates the dependency involving the
close filler, and if necessary revises the initial analysis. Dealing with two filler-gap
dependencies (one of which is also long distance) must thus tax the memory resources
considerably.

To conclude Experiment 5, the present study found that a subject-object gap
asymmetry emerges only when the pragmatic information strongly constrains the
thematic roles of two fillers. Strong pragmatic information helps the parser uniquely
identify the position of the gaps and thus resolve the dependencies rapidly as soon as the
filler is encountered. Given that the same asymmetry was observed in the processing of
single-gap RCs, where the position of a gap is inferred by the case marking of an overt
NP within the RC and the argument structure of a verb, the results of Experiment 5
suggest that strongly constraining pragmatic information serves a similar function to that
of morphosyntactic information such as case marking, and is used rapidly in the

processing of double-gap RCs in Japanese.

5.4 General discussion
This section will compare and contrast some of the results found in the offline

survey (Experiment 3) and online experiments (Experiment 4 and 5), and will discuss
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some issues involved in this construction. Then, some limitations of the study will be

addressed, and a summary of major findings will conclude the chapter.

5.4.1 Processing difficulty in naturalness ratings and online experiments

The comparison of the offline and online studies revealed that ‘processing
difficulty’ may tap different aspects of sentence processing and can be teased apart in
different measurements. Recall the results of Question 1 from the offline survey
(Experiment 3). In this question, the participant was asked to rate the naturalness of a
sentence on a S-point scale. The results found that sentences were split into two groups.
The sentences in the strong bias subject-gap condition were rated as natural, while the
sentences in the other five conditions were rated as unnatural. In Experiment 5, the
reading times of the distant filler showed three major groupings. The easiest condition
was the strong bias subject-gap condition. The second easiest one was the strong bias
object-gap condition. The other four conditions belonged to the same group, where the
reading time of the distant filler was extremely long.

One apparent similarity between the two sets of data is the superior performance
of the double-gap RC in the strong bias subject-gap condition. This is the condition in
which the thematic roles of the two fillers were pragmatically unambiguous and the
plausible agent appeared at the distant filler position. That is, when the preferred
structure had strong pragmatic support, native speakers of Japanese found the sentence
relatively easy to comprehend (thus natural), and the effect was manifested as the fastest

reading times at the distant filler in the online experiment.
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However, the two sets of data also had a noticeable difference. In the offline
judgments, the double-gap RC in the strong bias object-gap condition was rated as
unnatural along with other mild and null bias sentences, whereas in the online
measurement, it was read faster than the other four conditions.

Judgment as ‘unnatural’ in an offline task seems to represent two types of
difficulty. On the one hand, it represents difficulty that stems from a mismatch between
the preferred structure and pragmatic plausibility. For example, in comprehending a
double-gap RC in the strong bias object-gap condition, people were forced to interpret the
sentence with a dispreferred structure because the pragmatic information was so strong
that there was no other way to interpret it. On the other hand, ‘unnatural’ also seems to
represent difficulty caused by ambiguity. Ambiguity leads to indeterminacy about the
sentence structure, reanalysis, and so forth. Sentences in the mild and null bias
conditions seem to belong to this category.

It appears that the results of the online experiment elucidated these different types
of difficulties. Sentence with a strong mismatch between pragmatic bias and structural
preference were read faster than sentences with ambiguity. This suggests that
constraining information (even if it may contradict a structural preference) has an
advantage over ambiguous information in sentence processing. Strongly constraining
information provides at least a quick clue about a sentence’s syntactic representation,
including a signal as to whether the structure is a preferred one or not. On the other hand,

ambiguous information seems to impede or slow down rapid structure building.
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Caution is necessary, however, in interpreting the two sets of data. It is possible
that the predominant ‘unnatural’ rating for the strong bias object-gap sentence is due to
the semantic compatibility of the intermediate predicate with the immediately following
noun. Recall that the offline study found that sentences in this condition tended to be
misanalyzed more often than the sentences in the other conditions. On the other hand,
sentences in the strong bias condition in Experiment 5 contained an intermediate
predicate that was semantically incompatible with the following noun. Therefore, the
fact that the reading times in this condition are shorter than in mild and null bias
conditions in Experiment 5 may be due to the absence of the potentially error-inducing

factor. Further investigation is necessary to tease apart these possibilities.

5.4.2 Limitations of the study

The present study has several limitations and suggestions for future studies. First,
more careful control may be necessary in order to draw a conclusion about how mild bias
sentences differ from null bias sentences. The results of Experiment 3 and 5 showed that
the mild bias condition patterned with the null bias condition in many respects, such as in
the naturalness ratings, the possibility of misanalysis, reading times, and so forth.
However, this may be due to insufficient difference in bias between the two conditions.
Although what makes the bias difference ‘sufficient’ is an open question, it has been
reported that thematic fit of fillers equivalent to the mild bias condition of the present
study had some effect in the processing of RCs (Traxler et al. 2002, cf. Mak et al. 2002).

Whether or not the absence of the bias difference is limited to the double-gap RC
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construction (perhaps due to its highly complex structure and its structural ambiguity) or
could be found in other constructions in Japanese is also an empirical question.

Second, the effect of intermediate clauses in the processing of double-gap RCs
also needs to be tested. In Experiment 5, the intermediate predicate in the strong bias
condition was semantically incompatible with the following noun, while those in the mild
and null conditions were semantically compatible with it. This incompatibility in the
strong bias may have facilitated structure building by preventing the parser from
incorrectly misassociating the predicate with the following noun. Although the results of
Experiment 3 (the offline survey) indicated that the incidence of anomalous interpretation
was not very high in the mild and null bias conditions, its effect in a word-by-word online
experiment has to be tested independently.

Finally, a study is needed to obtain more detailed information about a parsing
decision at the close filler. For example, in Experiment 4, an increased processing load
was observed at the close filler and the following regions in the strong bias object gap
condition, i.e., in sentences whose close filler was a plausible agent. However, an
equivalent asymmetry was not found in Experiment 5, although there was a numerical
reading time difference suggesting the same tendency. Furthermore, the results of a
pretest norming study (reported in Appendix C) found that sentences with a missing
subject were rated overall as more natural than sentences with a missing object across the
pragmatic bias conditions. These sets of results suggest that there is in fact a preference
to fill an object gap at the close filler, which is opposite to the predictions that were

constructed for Experiment 5 on the basis of animacy and thematic fit of fillers. Since a
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parsing decision at the distant filler largely depends on the decision made at the close

filler especially in the mild and null bias conditions, study of this issue will be a future

priority.

5.5 Conclusion

This chapter investigated the issue of subject-object gap asymmetry in the
processing of double-gap RCs in Japanese. One major finding is that there was an
advantage for a subject gap over an object gap, supporting the predictions proposed by
the Structural Distance Hypothesis. No equivalent asymmetry was found in a control
sentence which involved a pronoun-antecedent referential dependency but did not involve
a long-distance filler-gap dependency. This suggests that the subject-object gap
asymmetry was a computational consequence of resolving a filler-gap dependency in a
hierarchical representation. Another important finding is that this asymmetry emerged
only in the sentences in which the plausible thematic role of the fillers was pragmatically
disambiguated. When pragmatic information only weakly constrained the thematic role
of fillers, the processing became extremely difficult and the asymmetry was no longer
observed. These results suggest that strongly constraining pragmatic information is used
rapidly in the analysis of structurally ambiguous double-gap RCs. Such information
helps the parser identify the position of a gap, which in turn is crucial for the emergence

of a gap asymmetry.
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CHAPTER 6

GENERAL DISCUSSION AND CONCLUSION

The goal of this dissertation was to collect empirical evidence on the issue of a
subject-object gap asymmetry in the processing of RCs in Japanese, a strict head-final
language. A series of experiments conducted on single-gap and double-gap RCs showed
that native speakers of Japanese found a subject gap easier to process than an object gap.
This chapter reviews major findings from the experiments and discusses them in a wider

perspective.

6.1 Summary of major findings

The central finding of this study is that there is a clear advantage of a subject gap
over an object gap in the processing of both single-gap RCs and double-gap RCs. In
single-gap RCs, the reading time of the filler (in Exp. 1 and 2) was faster and the
response accuracy to end-of-sentence comprehension questions (in Exp. 1 only) was
higher for subject-gap RCs than for object-gap RCs. In double-gap RCs, the asymmetry
was restricted to the conditions in which the thematic roles of fillers are pragmatically
unambiguous. In these conditions, the reading time of the distant filler was faster when it
corresponded to a subject gap than when it corresponded to an object gap (Exp. 4 and 5).
In the end-of-sentence interpretation choice, the preference for linking the distant filler to
a subject gap was stronger in the strong bias condition than in the other conditions (Exp 1
and 5). In contrast, when the pragmatic information was weak, no corresponding
asymmetry was observed. Not only was the distant filler in those conditions read with

great difficulty, the preference for interpreting the distant filler as a subject was very
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weak (Exp. 1 and 5), and there is no indication that such an interpretation was chosen
consistently (Exp. 5).

The presence of a gap asymmetry in the double-gap RCs suggests that strongly
constraining pragmatic information is used rapidly during processing. Assuming that a
gap asymmetry is a computational consequence of the rapid integration of a filler with a
gap in a hierarchical structure, the emergence of an asymmetry largely depends on how
unambiguously and how consistently the parser identifies a type of dependency (subject
gap or object gap). For instance, in the case of single-gap RCs, an overt case-marked NP
and the verb’s argument structure in the embedded clause inform the parser of a possible
gap position. This allows the rapid association of the filler with the gap, as soon as the
parser recognizes the filler. As a result, a subject-object gap asymmetry emerges. In the
case of double-gap RCs, the first decision point is at the close filler. No morphosyntactic
information indicates a dependency type. However, since the thematic plausibility of the
filler is strongly constrained (as an agent or theme of the embedded predicate), the parser
assigns the filler to one of the gaps. The same applies at the distant filler. Since the
thematic plausibility of the distant filler is pragmatically unambiguous and compatible
with a gap that has not been filled, the long-distance dependency is resolved rapidly.
Then, what makes a difference is the computational cost associated with the structural
position of the gap. The gap asymmetry in the absence of morphosyntactic information
suggests that the strongly constraining pragmatic information informs the parser of the
type of dependency in a similar way as the morphosyntactic information does in the

single-gap RC.
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When pragmatic information only weakly constrains the plausible thematic role of
fillers, the type of dependency becomes more ambiguous. As a result, the processing
becomes more difficult and variable because of possible reanalysis and processing costs

associated with an object gap when it is chosen.

6.2 The absence of a subject-gap preference in the weakly biased conditions

Given that the two fillers in the mild and null bias conditions are plausible as
agent or theme, it is still puzzling as to why there was no a strong preference for a subject
interpretation of the distant filler. Recall that the end-of-sentence interpretation choice
showed that the parser did not choose a particular interpretation consistently (Exp.5).
This finding contrasts with previous findings in head-initial languages. For example,
Frazier (1987b) examined globally ambiguous RCs in Dutch and found that native
speakers of Dutch prefer to interpret a sentence as a subject-gap over an object-gap RC.
Mak et al. (2002) reported a similar finding in an investigation of temporarily ambiguous
RCs in Dutch. In Dutch, a sequence of <filler NP + relative pronoun + NP> can be
temporary ambiguous since the primary disambiguating information (i.e., subject;verb
agreement on the verb) comes at the end of the embedded clause. They found that the
auxiliary verb was read more slowly when it disambiguates toward an object gap
interpretation over a subject gap interpretation. This suggests that prior to the
disambiguating region, native speakers of Dutch have already developed a preference for
a subject gap interpretation for the ambiguous string. Note that the filler and the NP in

the RC were pragmatically ambiguous in Frazier’s study, and weakly ambiguous in Mak
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et al.’s study, which roughly corresponds to the null bias and mild bias conditions of my
study respectively.

The absence of a strong preference in the pragmatically ambiguous conditions in
Japanese appears to suggest two things. First, it seems to provide additional evidence
against the purely grammar-based account for the subject-object asymmetry in double-
gap RCs. Recall that there is an issue that a double-gap RC with a long-distance
dependency with an object gap is not merely computationally difficult but
‘ungrammatical’ due to the violation of a parsing constraint (Fodor’s (1978) Nested
Dependency Constraint) or the violation of a movement constraint (e.g., Hasegawa 1984-
5, Huang 1984). If a particular configuration is ungrammatical, which is assumed to be
part of native speakers’ grammatical knowledge of the language, there should be a
stronger preference for associating the distant filler with a subject gap whenever possible,
such as in the mild and null bias conditions.

Second, the absence of a strong preference in the mild and null bias conditions in
Japanese and its presence in other languages seem to be related to a processing
consequence due to different typological properties of RCs. As has been discussed in the
literature, in head-initial languages such as English and Dutch, an RC is recognized
earlier in a sentence, thanks to word order or the appearance of a relative pronoun
following the filler. Whichever account one adopts (e.g., an active filler strategy,
memory-based explanation, perspective shift, etc.), this creates an initial preference for
the subject gap interpretation because of its computational, structural, and/or discourse
advantage over the object gap interpretation. When the filler and the NP in the RC have

no bias toward either interpretation, this initial preference remains, resulting in a
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preference for a subject analysis. That is, a preference for the subject interpretation
seems to be a processing consequence originated in an early signal that generates an
expectation for a gap. In contrast, in head-final languages such as Japanese, where the
filler comes after the RC, an RC structure is not recognized until the filler is received.
Without the signal that indicates that an RC structure is being processed, no preference
about the type of dependency needs to be developed prior to the filler.”® When a filler is
recetved, the parser resolves a dependency on the basis of the structure built so far and on
available information (such as pragmatic bias) without being influenced by a previously
developed preferences. The strength of pragmatic information therefore directly
influences how rapidly and consistently an integration is conducted.

The interaction of pragmatic/semantic information and the initial preference for a
subject gap structure is found in various studies in head-initial languages. For example,
in the same study reported earlier, Mak et al. (2002) examined a similar set of
temporarily ambiguous RCs with pragmatically unambiguous NPs. No asymmetry was
found at the auxiliary verb (i.e., the disambiguating information), suggesting that
animacy is used to guide an analysis of an ambiguous RC, overriding the preference for a
subject-gap interpretation. Traxler et al. (2002) found that not all object-gap RCs are
equally difficult. They found that the difficulty associated with an object-gap RC was
significantly reduced when the filler (at the matrix subject position) was inanimate and

the NP in the RC was animate. On the other hand, the processing of an object-gap RC

76 Note that it is not entirely impossible that the detection of a gap may lead the parser to expect an
appearance of an RC (Yamashita et al. 1993). However, the results of the present study (Experiment 1 and
2) found no reading time difference in the RC region between subject-gap and object-gap RCs. This at
least suggests that the detection of a subject gap and an object gap does not lead to a particular processing
difference prior to the filler.
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became very difficult when the filler was animate and the NP in the RC was inanimate.
These results suggest that the preference for a subject gap analysis was reinforced when
the filler at the matrix subject is a good agent, while the preference was easier to revise
when the filler is not a good agent.

In summary, in head-initial languages, an expectation of an RC structure appears
early, and the processing of an RC is strongly influenced by how much the initial
preference for a subject gap is reinforced or weakened by other information. In head-
final languages, the incremental analysis of an RC does not need to compete with an

expectation, and thus reflects the pure cost of integration at the filler.

6.3 Implications for sentence processing models

Although testing one parsing theory against another is beyond the scope of this
thesis, various aspects of the processing of Japanese RCs seem to be compatible with a
model which assumes that multiple sources of information simultaneously affect
processing (e.g., Trueswell, Tanenhaus, Garnsey 1994, MacDonald, Pearlmutter,
Seidenberg 1994a,b, MacWhinney & Bates 1989, Spivey-Knowlton, Trueswell, &
Tanenhaus 1993). In this type of model, sentence comprehension is understood as a
process of integrating various types of information and selecting the analysis (out of
multiple possibilities) that most satisfies the constraints of those information sources.
Different types of partial structures are activated and their activation levels change over
time reflecting the strength of each type of information and the availability of alternative
structures. Gibson and Pearlmutter (1998:262), for example, assume five major types of

constraints that apply freely during sentence comprehension — (1) phrase-formation
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constraints, (2) lexical, or word-level, constraints, (3) contextual constraints, (4)
computational resource constraints, and (5) phrase-level contingent frequency constraints.

For example, the present study has shown that case marking information
constrains the possible grammatical role of an NP. The number of gaps and their
structural positions are determined on the basis of case marking information on an overt
NP in the RC and a verb’s argument structure. A thematic role is rapidly assigned to an
NP (e.g., a relative head) when the semantic/pragmatic information of the NP strongly
fits one of the verb’s thematic roles. Accordingly, the NP’s grammatical relation is
determined. Processing becomes very difficult when there is little information that
constrains a possible structure. For example, in the case of double-gap RCs, a pair of
fillers that are animate and good potential agents compete for the subject gap position.
Without further strongly constraining information to help determine the dependencies
between gaps and fillers, the linking of a gap to each filler becomes unstable and takes
longer to be completed. A clear subject-object asymmetry at the distant filler in the
strongly biased double-gap RCs can be accounted for by the application of computational
resource constraints, one of the five constraints assumed by Gibson and Pearlmutter
(1998) above. As a subject gap is structurally higher and thus closer to the filler, it is
easier to compute (i.e., resolve a filler-gap dependency).

These results do not fit neatly with the view that initial parsing decisions proceed
exclusively on the basis of structural information. The Garden Path model proposed by
Frazier and her colleagues (Ferreira & Clifton 1986, Frazier 1987a, 1989, Frazier &
Rayner 1982, Rayner, Carlson, & Frazier 1983) assumes that initial paring decisions are

made strictly on the basis of phrase-structure rules and the syntactic category of the input.
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At a point where the input is compatible with multiple phrase structures, a decision is
made by parsing strategies such as Minimal Attachment (which prefers a syntactically
simpler structure over a more complex one) and Late Closure (which favors an analysis
that continues the phrase currently being built). The parser computes only one analysis at
a time, and when the analysis turns out to be inconsistent with subsequent information, a
reanalysis is initiated. Under this account, non-phrase structure information sources, such
as the argument structure of a verb, the thematic fit of a noun to potential argument
positions, animacy information, pragmatic plausibility, and the relative frequency of two
alternative interpretations, are ignored during initial parsing. They become available only
in a later evaluation stage or in a reanalysis stage if necessary.

One finding that would be problematic for this type of model is the considerable
processing difficulty observed at the distant filler of the weakly biased double-gap RCs.
The model needs to assume that there is a parsing strategy that selects one analysis over
another at each ambiguous point (e.g., at the close filler and also possibly at the distant

filler). The following table illustrates some of the possibilities predicted at each filler.

Table 6.1. Predictions for null bias double-gap RCs under the Garden Path model.

At the close filler At the distant filler Predicted
‘wife’ ‘husband’ processing cost &
Initially After Initially After cost factor
assigned gap | reanalysis | assigned gap | reanalysis

1 S-gap NA 0O-gap NA Costly: O-gap
2 S-gap NA O-gap S-gap Costly: reanalysis
3 O-gap NA S-gap NA Easy
4 O-gap S-gap O-gap NA Costly: O-gap
5 O-gap S-gap O-gap S-gap Costly: reanalysis

*NA means that reanalysis is not conducted.
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As the right-most column shows, three types of processing cost are possible. If the
processing proceeds as in prediction 3, null bias double-gap RCs should be as easy as the
sentences in the strong bias subject-gap condition, since no reanalysis is involved and the
S-gap analysis is chosen at the distant filler. This did not match with the actual results.
According to predictions 1 & 4, a certain degree of processing cost is expected
because of the O-gap analysis chosen at the distant filler. However, if the O-gap analysis
is the sole reason for the processing difficulty, null bias sentences would be no more
difficult than sentences in the strong bias object-gap condition. The results found that
they were, in fact, more difficult than sentences in the strong bias object-gap condition.
This leads to the two cases (predictions 2 and 5), where the processing cost would
be predicted due to reanalysis. This is not impossible, but a question arises as to why
reanalysis must be initiated when both the close filler and the distant filler are compatible
with the agent and theme roles. An additional condition would be needed, such as that a

human animate NP has to be associated with the subject/agent role.

6.4 Conclusion

This dissertation has presented evideﬁce for a subject gap advantage in the
processing of Japanese RCs. The preference for a subject gap was found not only in RCs
with a single filler-gap dependency but also in RCs with two filler-gap dependencies.
Given that this preference was not observed in sentences without a long-distance filler-
gap dependency (as in the control sentences in Experiment 4), it was suggested that the
asymmetry is a computational consequence of resolving a filler-gap dependency at the

filler. Furthermore, the subject gap advantage in prenominal RCs suggests that the linear
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distance between gap and filler is unlikely to be a key factor in determining the
processing difficulty of filler-gap dependencies across languages. This dissertation
proposes that the distance between gap and filler should be defined in structure-based
terms, such as the number of syntactic nodes intervening between gap and filler. Since a
structure in which the subject is higher than the direct object is assumed to be universal,
crosslinguistic findings in favor of a subject gap can be explained.

The investigation of the two types of RCs also allowed examination of the roles of
different types of information that the Japanese parser could potentially use during
processing. Assuming that the gap asymmetry is a computational consequence of the
rapid integration of a filler with a gap at different structural positions, the asymmetry
observed in strongly biased double-gap RCs suggests that strongly constraining
pragmatic information can be used rapidly to determine the type of dependency, just as
morphosyntactic information is in single-gap RCs. It seems that the absence of
ambiguity in terms of gap position is crucial for an asymmetry to appear.

The results of the present study are tentative, however. In order to draw a firm
conclusion that structural distance can be an alternative to linear distance, it is necessary
to test structural distance in a wider range of structures across languages. Furthermore,
factors that potentially influence gap asymmetry such as the grammatical relation of the
head noun and semantic/pragmatic information need to be investigated independently in
order to gain a better understanding of the processing of filler-gap dependencies in

human languages. Regretfully, I must leave these matters for future research.
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APPENDIX A

PRETEST NORMING STUDY 2 (EXPERIMENT 3)

A paper-and-pencil questionnaire was conducted in order to test whether the

pragmatic factors manipulated in Experiment 3 had the intended bias and whether the

intermediate predicate was semantically compatible with not only the preceding NP but

also the immediately following noun.

For each of the six double-gap RCs (as in sentences (5a)~(5f) in section 5.1.1.2 in

Experiment 3), a simple transitive sentence was created by using the two fillers and the

embedded predicate. Sentences (1a)~(1f) below are simple sentences corresponding to

original double-gap RCs (5a)~(5f) respectively.

¢y Condition

a. Strong A:
b. Strong B:
c. Mild A:
d. Mild B:
e. Null A:

Sample sentences

Kyaku-ga seki-o  yoyakushita.

customer-NOM seat-ACC reserved
‘The customer reserved the seat.’

Seki-ga  kyaku-o yoyakushita.

seat-NOM customer-ACC reserved
‘The seat reserved the customer.’

Kyaku-ga tenin-o  yonda.
customer-NOM clerk-Acc called
‘The customer called the clerk.”

Tenin-ga  kyaku-o yonda
clerk-NOM customer-Acc called
‘The clerk called the customer.’

Otto-ga tsuma-o  yonda.

husband-NOM wife-Acc called
‘The husband called the wife.’
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f. Null B: Tsuma-ga otto-o yonda. (from (51))
wife-NOM husband-acc called
‘The wife called the husband.’
If the pragmatic biases were as intended, the following predictions should be borne out.
For a strong bias pair, simple sentences in the Strong A condition should be plausible,
while sentences in the Strong B condition should be implausible. For a mild bias pair,
Mild A should be more plausible than Mild B: For a null bias pair, Null A and Null B
should be equally plausible.

For the test of semantic compatibility of the intermediate predicate, two sentences
were created for each of the three pragmatic bias conditions. In one version (condition
A), the intermediate predicate was associated with the immediately following noun. In
another version (condition B), the intermediate predicate was associated with the
preceding noun. Note that these two versions were constructed from sentences in the
subject-gap condition of each pragmatic bias. This is because the lexical items at the
close filler and the distant filler in object-gap sentences were identical differing only in
their positions, the same set of sentence versions would be produced. Sentences (2)
below illustrate these.

(2) a. Strong bias
Condition A: Kyaku-ga kitanakatta. (from (5a))
customer-NOM dirty-was
‘The customer was very dirty.’
Condition B: Seki-ga  kitanakatta. (from (5a))

seat-NOM dirty-was
‘The seat was very dirty.’
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b. Mild bias
Condition A: Kyaku-ga totemo shitsureidatta. (from (5¢))
customer-NOM very  rude-was
‘The customer was very rude.’

Condition B: Tenin-ga totemo shitsureidatta. (from (5¢))
clerk-NOM very  rude-was
“The shop assistant was very rude.’

c. Null bias
Condition A: Otto-ga terebi-o miteita. (from (5e))
husband-NoM TV-Acc watching-was
“The husband was watching TV.’
Condition B: Tsuma-ga terebi-o miteita. (from (5e))
wife-NOM TV-AcC watching-was
‘The wife was watching TV.’

Since the test materials were constructed so that the intermediate predicate of a
double-gap RC was semantically compatible not only with the preceding NP but also
with the immediately following NP, it was predicted that the two conditions (Condition A
and Condition B) would be equally plausible for each pragmatic bias pair.

A total of 288 sentences — 144 sentences for the pragmatic bias test and 144
sentences for the intermediate predicate test — were distributed into four presentation lists
using a Latin Square design.”” Twenty-eight undergraduate students at the Kyoto Sangyo
University in Japan rated the naturalness of each sentence on a 5-point scale from 1
(natural) to 5 (unnatural). Data analyses were conducted by calculating each condition’s
mean naturalness score for each participant (F;) and item (F;). A series of ANOVAs with

repeated measures was carried out to test the significance of an effect.

77 Only four presentation lists were necessary because lexical items at the critical regions (the two fillers
and the intermediate predicate) were very similar only in the mild and null bias conditions. Items in the
strong bias condition were inserted into each list later.
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The results of the pragmatic bias test are presented in Table A.1 and Figure A.1.

Table A.1. Pretest 2: The results of pragmatic bias test (1: natural - 5: unnatural).

Strong Mild Null
Condition A 1.554 1.583 2.232
Condition B 4.851 3.095 1.923
5
E Condition A
4 - B Condition B

(W]
|

Scores (1: natural - 5: unnatural)
(U8 )]

Strong bias Mild bias Null bias

fonry

Figure A.1. Pretest 2: The results of pragmatic bias test.

As predicted, the largest difference was found in the strong bias pair. The
thematic roles of the two fillers in this condition were so strongly constrained that only
one interpretation (i.e., ‘the customer reserved the seat’) was pragmatically possible,
while the other interpretation (i.e., ‘the seat reserved the customer’) was pragmatically
impossible. In the mild bias pair, although the gap difference was smaller, one
interpretation of the fillers (i.e., ‘the customer called the clerk’) was judged as more
natural than the other (i.e., ‘the clerk called the customer’). In the null bias pair, the gap

difference was the smallest.
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The results of 3x 2 ANOVAs with repeated measures found the predicted
interaction of the two factors (F1(2,54)=191.216, p <.001; F»(2,46)=81.081; p <.001) as
well as the robust two main effects of Pragmatic bias (F1(2,54)=78.678; p <.001,
F»(2,46)=55.851, p <.001) and Condition (F(1,27)=608.305, p <.001; F»(1,23)=154.636,
p <.001). In order to examine the effect of Condition in more detail, one-way ANOVAs
were carried out for each pragmatic bias pair. The difference in condition was significant
both in the strong bias pair (F1(1,27)=900.34, p <.001; F»(1,23)=458.262, p <.001) and in
the mild bias pair (F1(1,27)=129.647, p <.001; F2(1,23)=30.4, p <.001). The difference
was also found to be significant in the null bias pair, but only in the participant analysis
(F1(1,27)=6.217, p =.019). It was marginally significant in the item analysis
(F2(1,23)=3.837, p =.062).

In sum, the overall pattern across pragmatic bias conditions was consistent with
the predictions. The only unpredicted result was the presence of a condition difference in
the null bias pair where the two fillers were supposed to be equally good as agent or
theme. Although the difference was the smallest among the three biases, this needs to be
taken into consideration when the results of the main studies are interpreted.

Table A.2 below shows the results of the semantic compatibility test of the
intermediate predicate.

Table A.2. Pretest 2: The results of semantic compatibility test (1: natural — 5: unnatural).
Strong bias | Mild bias Null bias

Condition A 2.065 1.554 1.72
Condition B 2.268 1.702 1.732
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A series of one-way ANOV As with repeated measures was performed to examine
a difference between the two conditions (condition A and condition B) for each
pragmatic bias. None of the pragmatic biases revealed the difference (Strong bias:
Fi(1,27)=2.253, p =.145, F(1,23)=.622, p =.438; Mild bias: F{(1,27)=3.263, p =.082,
F»(1,23)=1.068, p =.312; Null bias: F(1,27)=.020, p =.888, F»(1,23)=.010, p =.923).
This suggests that regardless of the pragmatic bias, the intermediate predicate was
equally compatible with the preceding noun and the following noun in a sentence.

In order to examine whether the magnitude of the condition difference varied
across the three pragmatic biases, two-way ANOV As with repeated measures were
carried out. Only a main effect of Pragmatic bias showed significance (F(2,54)=27.308,
p <.001, F»(2,46)=7.705, p =.001). Neither a main effect of Condition nor the
BiasxCondition interaction was significant (Condition: F(1,27)=3.631, p =.067,
F2(1,23)=1.050, p =.316; Interaction: F1(2,54)=.969, p =.386, F»(2,46)=.324, p =.725).
The absence of an interaction suggests that the size of the condition difference was equal

across the three pragmatic conditions.
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APPENDIX B

PRETEST NORMING STUDY 3 (EXPERIMENT 4)

Experiment 4 used slightly different sets of materials from those used in
Experiment 3. A plausibility norming study was conducted to ensure that the pragmatic
factors manipulated in Experiment 4 had the intended bias and that the intermediate
predicate was semantically compatible with both the preceding NP and the following NP.
Note that in Experiment 4, the intermediate predicate in this experiment was constructed
so that it was ‘incompatible’ with the following NP.

For the test of pragmatic bias, two versions of a simple transitive sentence were
created from each pair of double-gap RCs as in sentences (10a) and (10b) in section
5.2.1.2. In one version (Condition A), the plausible theme of the double-gap RC served
as the subject and the plausible agent as the object of the embedded predicate (‘the seat
reserved the customer’). In the second version (Condition B), the plausible theme served
as the subject and the plausible agent as the object (‘the customer reserved the seat’).
Since Experiment 4 examined double-gap RCs only in the strong bias condition, it was
predicted that Condition A should be implausible, while Condition B should be plausible.

For the test of semantic incompatibility, a simple sentence was constructed from
each double-gap RC by combining a distant filler with the intermediate predicate. For
example, ‘the customer was next to the smoking section” was made from the original
double-gap RC (10a) (Condition C), and ‘the seat was late (for the reservation time)’ was

made from sentence (10b) (Condition D). Since the intermediate predicate was designed
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to be incompatible with the following NP, both Condition C and D should be equally
implausible.

Forty-eight sets of sentences (24 sets for argument relation and 24 for semantic
incompatibility) were distributed into two presentation lists. Twenty-eight graduate
students at Nara Institute of Science and Technology, who were the participants for other
unrelated experiments, rated the naturalness of each sentence on a 5-point scale from 1
(natural) to 5 (unnatural).

The results of the pretest are shown in Table B.1.

Table B.1. Pretest 3: Mean naturalness scores (1: natural - 5: unnatural).

Pragmatic bias test Semantic compatibility test
Condition A | Condition B | Condition C | Condition D
Mean 4.738 1.164 4113 4226

One-way ANOV As with repeated measures revealed a significant pragmatic bias
difference between Condition A and Condition B (F1(1,27)=2276.384, p <.001;
F2(1,23)=4714.01, p <.001). Sentences in which the plausible theme served as the
subject and the plausible agent as the direct object (i.e., Condition A) were consistently
rated as unnatural, while sentences in which the plausible agent served as the subject and
the plausible theme as the direct object (i.e., Condition B) were consistently rated as
natural. The comparison between Condition C and Condition D produced no significant
difference (F1(1,27)=2.102, p =.159; F5(1,23)=0.217, p =.646). This suggests that the
intermediate predicate associated with the following NP was equally unnatural in the two

gap configurations.
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These results confirmed the following two things. First, the double-gap RCs used
in this online experiment had the intended (strong) pragmatic bias. Second, the
intermediate predicate was semantically incompatible with the immediately following NP,
and a pair of double-gap RCs (i.e., sentence (10a) and (10b) in Section 5.2.1.2) was alike

with regard to this point.
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APPENDIX C

PRETEST NORMING STUDY 4 (EXPERIMENT 5)

A paper-and-pencil questionnaire was conducted in order to examine the
plausibility of each filler as an agent or a theme. Unlike the pretest 2 reported for
Experiment 3 (in Appendix A), this survey examined the plausibility of each filler as an
agent or a theme without making reference to the other filler. This was another way to
check if the pragmatic bias (strong, mild, and null) manipulated in the experiments had
the intended effect.

For each pragmatic bias of double-gap RCs (as in sentences (13a)~(13f) in section
5.3.1.2 in Experiment 5), four versions of simple sentences were created. Conditions A,

B, C and D shown in sentences (1) ~ (3) below illustrate these.

(1) Strong bias condition

Condition A: Distant filler of the subject-gap sentence as agent  (from 13a)
Kyaku-ga yoyakushita.
customer-NOM reserved
‘The customer reserved.’

Condition B: Distant filler of the object-gap sentence as agent (from 13b)
Seki-ga  yoyakushita.
seat-NOM reserved
‘The seat reserved.’

Condition C: Close filler (of the subject-gap sentence) as theme  (from 13a)
Seki-o  yoyakushita.
seat-ACC reserved
‘reserved the seat.’

Condition D: Close filler (of the object-gap sentence) as theme (from 13b)
Kyaku-o yoyakushita.
customer-ACC reserved
‘reserved the customer.’
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(2) Mild bias condition

Condition A: Kyaku-ga yonda. (from 13c¢)
customer-NOM called
‘The customer called.’

Condition B: Tenin-ga yonda. (from 13d)
clerk-NoMm called
‘The shop assistant called.’

Condition C: Tenin-o  yonda. (from 13c¢)
clerk-Acc called
‘called the shop assistant.’

Condition D: Kyaku-o yonda. (from 13d)
customer-AcC called
‘called the customer.’

(3) Null bias condition

Condition A: Otto-ga yonda. (from 13¢)
husband-NOM called
“The husband called.’

Condition B: Tsuma-ga yonda. (from 13f)
wife-NoM  called
‘The wife called.’

Condition C: Tsuma-o yonda. (from 13e)
wife-Acc called
‘called the wife.’

Condition D: Otto-o yonda. (from 13f)

husband-Acc called
‘called the husband.’

In condition A, the distant filler of the subject-gap sentence bears the agent role, and in
condition B, the distant filler of the object-gap sentence bears the agent role. The
comparison of Condition A and B will test how plausible the distant filler of each

- sentence is as an agent (i.e., agenthood test). In condition C, the close filler of the
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subject-gap sentence carries the theme role, while in condition D, the close filler of the
object-gap sentence carries the theme role. The comparison of Condition C and D will
test how plausible the close filler of each sentence is as a theme. The following table

presents the predictions for each condition.

Table C.1. Pretest 4: Predictions.

Strong Mild Null
Test of agenthood | Condition A | Plausible | More plausible Equally
Condition B | Implausible | Less plausible | plausible
Test of themehood | Condition C Plausible | More plausible | Equally
Condition D | Implausible | Less plausible | plausible

A total of 288 sentences (3 biases X 4 conditions X 24 sets) were distributed into
four presentation lists (72 sentences per list) using a Latin Square design. Thirty-two
undergraduate students at Yamanashi Junior College of Nursing participated in the
survey for non-monetary compensation. They were asked to rate the naturalness of each
sentence presented in a booklet on a 5-point scale from 1 (natural) to 5 (unnatural).

Table C.2 presents the results of the survey.

Table C.2. Pretest 4: Mean naturalness scores (1 natural — 5 unnatural).

Strong Mild Null
Agenthood test Condition A 2.0417 2.0156 2.2552
Condition B 4.8542 2.8854 2.3177
Themehood test Condition C 1.2292 1.375 1.7656
Condition D 4.2865 1.849 1.75

Consistent with the predictions given in Table C.1, the magnitude of the agenthood
difference between Condition A and Condition B varied across pragmatic bias conditions.
The largest difference (favoring Condition A over Condition B) was found in the strong

bias condition. There was almost no difference in the null bias condition, and a moderate
241



difference (favoring Condition A over Condition B) in the mild bias condition. Two-way
ANOV As with repeated measures found the expected interaction of Pragmatic bias and
Condition (F (2, 62)=140.120, p <.001; F2(2, 46)=71.785, p <.001). The subsequent
analyses with one-way ANOV As also found a significant effect of Condition in the
strong bias condition (F(1,31)=499.536, p <.001; F»(1,23)=342.463, p <.001) and in the
mild bias condition (F;(1,31)=43.755, p <.001; F»(1,23)=16.347,p =.001), but no
difference was found in the null bias condition (F;(1,31)=.271, p =.607; F»(1,23)=279, p
=.602).

The results of the themehood test showed a parallel pattern — the largest
difference in the strong bias condition, no difference in the null bias condition, and an
intermediate difference in the mild bias condition. Two-way ANOV As produced a
reliable interaction (F;(2,62)=218.135, p <.001; F(2,46)=110.210, p <.001), and one-way
ANOVAs found a significant difference in the strong bias and mild bias conditions
(strong bias: F1(1,31)=564.598, p <.001; F2(1,23)=216.396, p <.001; mild bias:
F1(1,31)=16.499, p <.001; F»(1,23)=8.098, p =.009) but not in the null bias condition
(F1(1,31)=.019, p =892, F»(1,23)=.027, p =.827).

In order to examine if there is a plausibility difference between sentences with a
missing object argument (i.e., sentences in the agenthood test) and those with a missing
subject argument (i.e., sentences in the themehood test), three-way ANOV As with
repeated measures were conducted by including Test type in addition to Condition and
Pragmatic bias factors. Other than the effects found in two-way ANOVAs conducted

earlier, a robust main effect of Test type (F1(1,31)=100.25, p<.001; F»(1,23)=62.563,
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p<.001;) was found. Sentences in the themehood test were significantly rated as more
natural than sentences in the agenthood test.

Overall, the results of Pretest 4 showed that the strength of pragmatic bias had the
intended effect. That is, in the strong bias sentences, one of the two fillers was
predominantly interpreted as the agent and the other filler as the theme. In the mild bias
sentences, one of the fillers was a better agent and the other filler was a better theme. In
the null bias sentences, the two fillers were equally good agent or theme. Furthermore,
an additional ANOV A analyses found that sentences with a missing subject are in general

more plausible than sentences with a missing object.
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APPENDIX D

TEST SENTENCES FOR EXPERIMENT 1

The following list shows the subject-gap RC condition for each set. An object-gap RC
can be created by replacing the (underlined) accusative marker -o with the nominative
marker -ga. Slashes indicate segmentation as presented to participants in the reading task.

LEFDOBRDIAENABETRES /KD FIEBNSBHEHN TV,

2. BT OERBMEED TROD /IR KF DBYBIRTZ,

3. B N NDR—LVAENRF AR TER > TWe/BUIAIINTZ/ XS KD,
4 RIEOBNHSAEETHEEL TOWE/AANRIZ/BEIZ/10EFEATNS,

5. BEH B DB ZIDICH > TWie/RER/AHRT/AEh,

6. RTFOTFHEFEMTHRL TWe/BBIAZ/20FD/ V<<,

7. @BZOMEELL R—F—DHTIZS AT/ BEEIAIR/ ETH/BIERE ST,
8. BENREZAMN BN TW/MEL/kA/HET S,

9. @R OMEZ—MEHSNZ/BD TE/=Z%iRZ2/BLATVS,

10. HRDBEWRZREHE TR > TWe/ BRI AR/ FERZFEIT/H> T2,

11 BEOTRN R SAN—ZEEER TROTI /AN I/ ERE /LA,

12. R5K[DBRWEBZEWHER L TWe/ERIZ/ & E—» A T/HRET 5.

13. BROBEMZERETFE T/ 2R/ T AE/HE LT,

14. @2 ET Ve B TRICA S /TP F—I3/IRFREKREZ/LTND,

15, EEILRRE T > Lo TBW/E/ I SF iz /EH7E,

16. BBRIRBHEAEZ/S—T 4 —TH LN TWe/ RERER/AET/HRATW .
17. TP D/NEEZRE TRAIL/RKZS/ R /BB L THW i,

18. ABRRRELET » LT T/ RENERD /BB &/ FHELT.

19. iARFETVERTRLUTWE/ AT U/ KL/ RBNWE,

20, TERORBINEET DN ATELR/HA REAIR/ERE/FELZEND T,
21 ERR R FHREE—F TEBONT TW/BREAIZ/INERD /T,

22. /EPORFAEZBFETH > TW/ PR CAHR/BITT/BHATNS,

23. FEGROBEZETHMHN > TWe/BERIZ/ AR—V I 5T/ E<E> T 5,
2. Beo o e RES 7 2 — DR T TW/IRIZ/SRANT A T/H1ET %,

25. 7 AV ANDOBFEEZETHEICLTWE/O—FR/BBIT/EAEIEND S,
26. EOT A RIVEEBRTRSID TN/ IEX2—V vy —I3/a—kt—%/ AN,

27. 3595 LWEREZBRBEOH T L2 /H 5 —< VR/BET/HEATNS,
28. BB EREEZT VETHED TWE/BEIL/ & TH/HRRNE,

29. RHHOBREZEETHEERETW/BR/Y 2T IR%/MNF T,

30. RO OEEZE T THRIES 2/ AREBEI/FELHTE/IEES RN,
31LEBEESI BRBIERER W LMD T/ A— R /TS ELWEEZ/LTWS,
32. RLEOREFEZAMNOEE> TWe/BERIZ/&TH/EDV,
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APPENDIX E

TEST SENTENCES FOR EXPERIMENT 2

The following list only shows the subject-gap RC condition in each set. Sentence (a)
represents a subject-gap RC with topic-marked head noun, (b) a subject-gap RC with
nominative-marked head noun, and (¢) a subject-gap RC with accusative-marked head
noun. An object-gap RC can be created for each sentence by replacing the accusative
case marker -0 on word 2 with the nominative case marker -ga. Slashes indicate the
segmentation of a sentence.

la. FFHO D/ BREHES e/ NABET/RES T/ KDFR/ N DA & /BN TWE,
1b. FHFVQ/BEDHEALZE/NAEET/ RiE >/ LDFR/ BN < 2HZE /I TN,
le. FFHOD/BREBHESAE/NABET/RE ST/ DT E/BKD S AN/ ERED T,

2a. BT DI/ BEZE /O T/ADD /L /RSLKRZ D /BEBIRT,
2b. KT ORI/ BUE /B T/ RODI/ LD/ RALRKZED /BT,
2. TP ORI/ BT /MO T/ROD /e /ARSI AR/ ERIEDT,

3a. Bro WD/ R—ALVAE/FUABRT/ ERoTW/BUEAI/INTE /L KD,
3b. Bro WD/ TR—AV AR/ NFUART/ ER>TWE/BUEAN/INT%E/LLES,
3c. o WD/ HR—ALVAE/NFUABRT/ ER> T/ BUEAR/REAN/MZITT-
7ze

da. RED/ BB S ALE/ETH/EBELTWE/SMARR/MENBIT/10EFEALTNS,
4b. RIEED/BNA S %/ ETH/BEL TV /AARN/BRINBIZ/10EEATNS,
de. RED/BNHBIAE/ETH/EBLU T/ AAEZE /RO AD/ AL =,

Sa. TR D/ INEEE /RET/WEATE/RER/ Re /BURL TV,
5b. TR D/ INEEE /KRB T/ AT/ FGED/ RE /#BEL TV,
Sc. TR D/ INEEE/RET/ WA/ RiER/RB/BWINT T,

6a. EBRIR/REE/T > &/BTTO/RBERIT/FBHH & /HEL Iz,
6b. EBR2/RKEE/To &/ BT TWE/RBERN/FETTE/HEL .
6¢c. ERRR/REZ/T o &/MITTOWE/RBERE/BIBEN/FAELE,

Ta. FIN/BFZ2/TVERT/BRUTOWI/ AT L/ EL/RBWE,
To. HIN/BFZE/TVERT/BRUTWE/ AT N/ EIZ/REHNE,
Te. IN/BFZ2/TVERT/RUTOWEE/ AT 2% /KR / > Tk,

8a. R & D/t B % /DT /> TWiz/FEIZ/EFERIC /B> Tn 3,

8b. BRI & D /1L B % /I / > Tz /RIEN/ BRI /> Tn3,
8c. BRI D/t B % /WIT/ > TWiz/FRE /EEN/ TR Lz,
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9a. T/ FHt %/ HEMT/BRL TW/BEIAIR/20F D/ Y277,
Ob. kT /FhE/ERMT/RL T/ BREAN/20F D/ <,
9c. RFO/FHt% /EEMT/IRL TWe/BRXVE/BHBN/ RNT 7.

10a. @20/ P&FE%/ TV RXR=F—DHRT/ICHATWE/BEE AL/ ETH/EANTT,
10b. D/ DHEE/ TV RX—F —DHRT/ITHATW/BEZIAN/ETH/ENTT,
10c. @20/ p&E% /T RX=F—DHRT/IKHATW/BIEXEAZ/EEN/HEL X,

Ila. HW/BREZ/RINS /BN T /BER/ ORI/ HET 2,
11b. HW/REZ /RN S /BN T /ER/ ZORKIZ/HET 2,
e, BW/BREZ /RTINS /B TW e /MEZ/FREN/BRLU .

12a. RS2/ FHt%/ E—F T/BARNT TW/ BRI/ ERD /AT,
12b. RS /s/FZ/E—F T/BOUNT TV /BREAN/BRD/FET,
12¢. ERI s/ FH2/E—F T/BODTTW/BRELE/NTFH/RIL T,

13a. IR O/ R¥EEE /BFET/FHo T/ PR CH T/ BMABOETT/ BTN D,
13b. BEHR D/ KFLEE/BFET/Fo> TO/ G CHN/BAEOHFTT/BHATNS, .
13c. B D/ REEZ/BFHT/FHo> TO/PIRCHZE/Z—IVA N/ TEL .

l4a. Brotho o /RE/5 72— D T/Mo TW/IRIZ/NTA T/HET 5,
14b. Brotho 1o /R %/ 5 0 3 —DHT /Mo T/ IBR/NT A T/FEET 5,
l4c. Brotho 7o/ RE/5 D —DHR T/ TW e /IR%E BEFEN/ AT,

15a. &6 0 /8 EZ/—WR/FRE/BO T/ Z%EE/BLATHS,
15b. &R0 /HE%E/—VEH/FiRE/BOFHN/ZWRE/BLATNWS,
15c. &b 0/MEZ/—¥ER/FHR/BD T2/ WEEN/ZEL,

16a. HsRDEW/ 3% /RELET/FF> T/ BRE AR/ HEKRZI /> T3,
16b. HiskDEW/B% /KEHET/FFo T/ BRI AN/ FTEHMAFIZ/EoTW3,
l6c. HRDEW/ 5% /REET/Fo T/ BRE A%/ FRBEN/FHE L 7z,

17a. BEDFEY/ RS N—%/BEER T/ RO T/BNA B/ ER T /EA T,
17b. BE DR/ R I N—% /@EERE T/ RO 7/BN1 /B e /B A .
17c. BEDTRY/ RSAN—%/FEEBR T/ ROT7/BNAL 2/ NNABR/ BN L,

18a. ®5KDRW/IERZ/FVWH/ERL TWe/XEEIZ/ & & FET/BET 5,
18b. 2R DR/ EE &/ BEVE/EBRL TWE/XIEEN/ B & HET/BBT 5,
18c. ®2RD7EW/IEBZ/RVWH/ EHL TWe/XEEE /BRI AN/FRE L=,

19a. 7 AU B AD/BFE/BEZET/BEICLTOWE/I—FR/ BB/ ELEZ ENH B,

19b. 7 AU A AND/BF % /BEABT/BEIILTWE/A—FN/BBIZ/MEAEZ ERH 5,
19¢. Y AUNAD/BFZ/HEAET/BEICLTW/I—-F %/ BTN/ b,
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20a. YAV O/EEZEEZ/BTT/HRED/AREERZ/ ETH/ B,
20b. REYWHIT D/ EEZ/E T T/HNED/ ARBEN/ ETH/BERD 7,
20c. REYWHITD/EEZ/ER T T/ LD/ ABtEEZ /FEN/ R 7.

21a. BD/T A RIVE/BBT/BRSEIDTVE/IR—Vy—3/d——%& /AN,
21b. HD/T A RNV /BB T/R<EIDHTW/RR—Ir—2/d—k—%/ AN,
21c. ED/T7A BRIV /BB T/IR<EDTW/RRX—V vy —&/LFEEN/A2FEa—LTk,

22a. HER/BEE/TLVET/EDTWE/BBR/SEXHEET/ AL,
22b. HET2/%EE /T VET/EDTWe/REN/FEBAT/ AL,
22c. IR/ REE/TVET/ED T /B2 /BEatR /5l Ethni,

23a. OO/ B/ BET/FHBERE T/ B/ P T IA%/MFTNWE,
23b. 2NH D /B %/ BET/FERE TN/ B/ S 2T 5%/ INFTwi,

- 23c. RAHIO/EBERE/BET/HRERETW /B2 /KROHNEN/RBfT L.

24a. REED/FEEZEZ/RIIND/F> TW/BRIZ/&ETH/EAOT,
24b. RIED/REFZ/FINS /5o TO/BEN/ETH/EIE,
24¢. RIED/REEEZ/FINS /8> T /BRZ/IEN/BM LT,

25a. RO/ /ERET/FEoTWe/FER/ VoA % /HEE LU,
25b. B0 /3l &/ ERET/FLEo T/ PEN/ TSR /HEE L,
25¢c. BRO /% / FRET/FE > TOWe/FEZ /FREN/ Moo 7.

26a. WiEENIz/ BTNV E/—BT/[UASK/FHA T =3/ RFEREEE/LTNS,
26b. MR IR/ BTN E/—BT/RUIAS T/ THA F =0/ IRFEREEE/ LTS,
26¢. YEEMN IR/ ETIVE/—HT/K[UI A /THA F—% /BOEEMD/ O L.

27a. ERALTZ/ K% /T > &/ TBWe/EZ/ A SFTric/EhiE,
27b. EEALTR/RE /T o &/ THBW/EWN/ I 5 F 7T /EHTE,
27¢c. ERLIZ/RE/To /Mo THBW/ER/FEHT VDB/FEo T,

28a. BRIR/BREE/N—T 4 —T/MEMN> T/ REREZ/HET/BRATNE,
28b. RIS/ BREEE/IN—T 4 —T/DEMN > TWe / KRERED/BET/BRATNVE,
28¢c. BRI/ BFER/N—T 4 —T/MEMo T/ KEREE /BREN/Fo Tz,

29a. ICERDR/BNEE /T INAT/F LI/ HA RS/ BHIREE/FELZEINOE,
20b. IKERDR/BNEER/TIONAT/BE LI/ HA REAUH/BIKRPR/BELIZEIND T,
29¢. T ERNR/BNEE/TIAAXAT/FELE/AA RENE/RFE AR/ DDz,

30a. 55 LW/ ERE/MBBEQHRT/MLZ/HFY - I/ HE/TEATN S,

30b. 595 LW/ ERE/MEBEOHT/MUL/HI) - N/ HRIZ/{FEATNS,
30c. ¥5 95 LW/ Eea/MEEHEOPT/MHLE/HI) - &/FEN/Mo>Tn3,
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APPENDIX F

TEST SENTENCES FOR EXPERIMENT 3

The following are the conditions for each set.
a. Strong bias with distant filler involving a subject gap
b. Strong bias with distant filler involving a object gap
Mild bias with distant filler involving a subject gap
Mild bias with distant filler involving a object gap
Null bias with distant filler involving a subject gap
Null bias with distant filler involving a object gap

Hh O a0

la. PHRILTZ/ B/ ETH /BN T2 /EBIZ/ DA MV A /RATE,
1b. PHIL//BR/ &ETH /BN T2/ R/ T oA MU AWR/ bR LTz,
le. AR /IEEN/ ETH/ R 272/ B/ IR/ P LTz,

1d. BEATE /BN ETH /R > T /IERI/IERT /& LT,

le. MATZ/ER/ TV ER/RTWE/RIZ/BET/ iz,

A/ KRB/ FLER/R T /B B/ He.

2a. XU 7o/ BN/ MITT/ BRI T2/ BBIL/FRE T /BN,

2b. B U 72/ BEN/MIT T /B A > /BB / Flic/ AR E N,
2. ol /TN /AB N/ TE o T/ BER/MEL S /FEL .

2d. o 7=/ BED/BADN/NEMT o Te /L / B K < /e L Tz,

2e. FoTo/BEFRD/HD W/ IZ o Jo /REF I/ L < /IREL.
26 B T /BREHLEN/ DN/ AR T o 7o /BRI /B L < /REL T,

3a. ¥ o 72/ TRM/3 BRIT/FEATZ/AMRIT/ S A LR - T/MWe,
3b. o 2 /B3 BRI/ AL/ FRIZ/EH LN T/ IR0z,
3c. HMA Tz /BMR/FRE/fBATWe/MRHT/HE/HL Ui,
3d. A 7= /HBRN/FRE /AT /BRIE/BR/I< Lz,

3e. A T /RS / BN Z /BN TW /i /B & /< Uiz,

3f. WA T/ WiAY/ AN /BN TWe/ RS/ B /AL Lk,

da. MELIZ/TARD/ B ro&/RELTER/ AR/ BRE/EE L.
4b. AL/ HAEN/B x> &/RELTER/F A NI/ EBN/ G L.
de. Rk e /BREEN/BPNC/SLo> TWie/ AR/ Fo/ 5ok,

4d. Bk fe/FEN/BRPNT /1> TWe/BEEZ/F2/ 507,

de. Rk oz /AL B/ BEEBIC/ Lo TWE/ BRI/ F2/ 5o 7.

af. Rk 7o /FRN/BEESIZ/ > TWe /2 Bid/F2 /5o 7.

Sa. BATE/BEDB/ N /ES T /3BIE/ T DEE/ KT =,
Sb. BAE /BB NN/ BT/ BRIT/MBD LIS/ B o T,
5c. 85 72/O LAY/ BEBET/R T o/ &/ /&FE L7z,
5d. Bo o /BB / BEET/RIT/Z/OLIZ/ AN /EFEL T,
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Se. o 7=/F LY IA/ HEBET/RIF T /ARRDEZ/ MBI/ EBEE L.
5. o Jo /SRR AN/ BEBRET/RIT 2 /F ¥ T/ HRlIC/BFEL .

6a. BT/ /T LV ER/ B o e /EEL/ BRI /BB LT,

6b. ET/EEN/ TV E/ G o e /Imbeid/ T /FHNTIz o Tz,

6c. WG L /BEN/ ETH/EET > o /BEFX /R RIT /MK L Iz,
6d. FF L/ EEDN/ ETH/FEBE > o/ BB/ R/ MK LT,
6e. S LTz /MRNY/ &TH /HHEZ o J= /HENE/JAI /MR LTz,
6f. BifE L7z /BBiiAt/ & T /T o 7o /MRS / AT /HR L.

Ta. BE L 72/ BFRAEDN/MIT/ BN/ EE T/ AE 2 RiZ/hoiz.
Tb EEL LIz /BEES N/ W/ e/ BRHEIZ/ > — b3/ -> T,
Te. EE U /REDN/ILIEED /M BTZ > 72/ EFS 3/ FHRT /Tehd Tz,
Td. BRI/ B N/ ALED / HME T - T/ BT/ RBRIC/HND T,
Te. BEL 72 /FFELN/ABED /B E T2 o /REE R/ R/ Hhdiz.
7L R L Je /REE D/ IEHED /W R 7o T/ L3/ R /D .

8a. B L/z/RHMN/ ANET/BIT/R > 72 /ARG —F/ B L,

8b. M U/ /ALEMN/ RIET/ 2785 fe /2RI —F%/BlEL 2.

8C. MEM DT /MEN/ ETH/DAELE ST /A R/ EBT/E LT,

8d. MEM D e /HEN/ ETH/DAEE S T2 /MEL/FHET/FE L.

Be. MHEMo e/ REHLEN/ ETH/DAE S T2 /BB HIL/EFEIZ/FEL 2,
L. MO Te/BELN/ETH/DAEE > Tz /2E I/ EEIT/FE L,

9a. Ho7z/ 5 2 BRI/ MIRD /RE Mo T2/INFERZ/ o FWic/RA Tz,
9b. EoZe//INEEDN/ IR /KREDST2/ T2 R/ 2R/Ueabian,
9c. WUBTZ/EAEN/EF % /BN T W/ INERIL/ BN T /BN,

9d. WE BT/ INEEN/EFT & /BN TWE/EBAER/ BN T/RNk,

9¢. WU BT /FBHBRM/ I & /BN T Wi /EEMT/ BN T/fENhz.,

. WU D /FHIRTM /IR % /BN T Wiz / BERIT/ N T/ Bk,

10a. BEL 7=/ BRAKXEN/HE T/BN2/ZE R/ BN/ Biro k.
10b. BE U/ ZEEN/EE T/ BN/ BRI/ FEKIN/Biro k.
10c. TR L/BESBEN/BHT/WELU I /IERIT/HELN/Bho .
10d. T L/XEEN/BRAT/MEL 2/EREBEIL/ RN/ BEh o 72,
10e. TR L/EWA/BRAT/BEL 2/ K/ N/ B o 7z,
10f. & T UZe/ RIEMED/ @R T/REL 2/ B3/ D/ B o 72,

lla. BELZ/BF D/ HEDIT/ FREST/BEL/TEAEN/ RN TER,
11b. BEL7=/BEN/ HEVIZ/TRES e/ BF I/ BFMS /R,

e EB U=/ BFN/EHE/EN UI=/BREI/ RN T/ ATk,

11d. BB U /BEN/ % /@I U /BFR/ANT/RTn,

lle. BB U= /BFMEN/FH %2 /WM L /FHEBEIZ/ RNT/R T,
11 SR U7/ RBE BN/ &% /TN U /BFRER/ RN T/ ATz,
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12a. BR7z/FRD/ RIZBO/OEN > Te/BN/BRANT /A5 BTz,

12b. B2/ BANB/RIZBD/OEN S /FaNZ/ ETEDIT/ RA T,

12¢c. Bolo/RBUGH/ 5 A H—A%/FIaLic/ENZ/RIEE/EAT.

12d. B o 7o/ BN/ Z A H—R% /T2 LT/ RBURI/ REZ /B X Tz,

12¢. Bo e/ T AUIANR/ E— NIV E/FRLIE/AFUANS/ REZ /LT,
2f. o le/AFUAANDN/ E=RIVRZ /TR U/ T AUANS/ ERER/EZ T,

13a. U T2/ EZRMN/ 7 AV T/ - T/ REBR/RREBRRN /LT,

13b. S U 72/ BB/ T A1) T T/HFREIE o To /ZIRI3 /A58 0 208/ 5E78 L 7z
13c. BhE U7z /&0 HENZ/FET LT\ e /BE L/ 2 ORIz /Bl LTz,
13d. B UZe/BEN /BN /FEE L TWe/FR&EIZ/ZORTIZ/ Bl Lz,
13e. BhE Ui/ @A/ BENT/FEH L TW e /B / 2 DT /Bl LTz,
13f. BhE UZz/ @Dy / BN /FET L TW e /REIL/F ORRTIT/ Bl LT,

14a. BB U7z /AN /F v O NRAT/ANKE 2 Te /K FREZ/KE /& LTz,
14b. KLU 7 /LT RED/F v PNAT/ANKE - Te/EFR/§<W/RE s .
l4c. B U=/BEAY/ & &/ B> TWe/ZFRER/B x> &/FEo 7,

14d. SARI LT /& REN/ & E/ED> TWe/BEIZ/ B &> &/F&o 7z,

lde. GBI L=/ MEN/AEF T/ RO TW/AER/KRE /T,

141, BB L 72 /HER/AEFE T/ RO TW /iR / KiRE /9307,

15a. B L/ VI =T/ ERZ/RDI/EFZA b
ISb. R L/ BT A R/ EB &/ &/ V=T
15¢. @& 7/DRiy/ A2 =)/ RKTWe/ET ZA MI/IT> Z0 /BRI,
15d. BB/ ET7 ZA R/ 220 —=)VZ/RK TN/ DEIZ/T> 20 /HEATE,
15e. 1E® 7/ FBERN/BRR[NT/ R TW/BERT/IT> T 0 /MR,
15f. 13D /BERN/BRRNT/ K TN /FBERIL/ o ZO/BEAT,

<

I/ ERFED/IRIZ- 7=,
I/ aNoo/amiEo T,

— Y

16a. BHEL 7=/ FATHD/ RE 2 /BA U 7o /BEIZ /BRI /EE L.
16b. Bt L 7o /MEED/ BF % /A LT/ RATHE / 2=k /51 &R U Tz,
16c. R UT=/ARED/RITH /B> T /BRIT/ S5 D0F &/ DTz,
16d. R LU= /BEN/RITH /B> TOW/IIER/ 5 DOF &/ DT,
l6e. BERLZ/H—T 7=/ E—FT/BTWE/FTAN—RB/EE/HBDBE,
16f. BB L/ FAN—/E—FT/BTWE/V—7 7 -3/ e /BORER,

17a. AU J=/ACAER/MEE/Bo T2/ BOFIL/ R T/EH 5N .
17b. R L7/ BOFN/ MR/ B /(ERIZ/ BED/BE ST,
17¢c. MU/ BZDFNR/A R/ DET W/ BOFIZ/KRET/ Ko7z,
17d. ML=/ BOFR/A A/ DETW/ZOTFI/ KFT/ Ko7k,
17e. U 7= /BN —Bt/DER U2/ RBIE/ ST/,
17 U7/ KRR/ B/ O ER LI /HERZ/ S b TR/ M.

18a. MEL = /HHN/RAH E/HAT W /FIFEZ/3 BR/BER LT,
18b. #EL =/ HEN/ BAM & /# AT/ BT/ /BN,
18¢. BN/ /ALAD/F A% /R o TWiz/IEIT/ BT /B 2 T,
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18d. BNRTF 7=/ FIER/FABE/F> TWie /LN /WET/E X T,
18e. BT/ RF DM/ IR E /B L2/ RTFDORL/EDSE2 /Mo TE,
18f. BNR T/ RFDHEN/TERAE /B LI/ RTFDORIZ/ESE2 /WMo TE,

19a. 13D 7= /IBRIRHN/ B & o & /HIBKRIZE > 7o /ZRANL/ Db D E /MO AT,
19b. 137 /FREADY/ B ko &/HIBKE - Jo /IERFEERIT/1 BT/ RATIRN,
19¢c. BN/ LR—F =D/ R/ Fe> TWE/ZRANT/ P/ DTNV,

19d. B2 /EREAD/ RN VZ/Feo T/ LR—F =3/ &/ DE0n .,

19e. BN/ O T REN/ R/ FeoTWe/ RV KR/ e/ DTN,
19f. BWe/ RA Y KRMED/ RN/ Feo TWe /BT RER/hE/ DNV,

20a. BAU/RED/ 7 5 2 ANE /0o TRz /EMERIS/ BRaZ /3 LTz,
20b. AU /RINEERMN/ 7 5 2 AMMD /0 TR /MREN/MRE D/ E L ET
20c. BN LI=/REN/EHY D/ T 7 2o o /EMERZ/ BRBIZ/BNW.

20d. BRNU/EMEBEEN/ CHY D/ 7 7 2T/ REZ/BEBIT/BWiz,

20e. BRI L=/ BYERN/EAY D/ T 7 X7 Fe/EHERIE/BEIT/B0.
20f. RAU/EMBRN/EHY D/ T 7 Uo7/ EBYWERIT/BEIT/Bn.,

2la. ERLUI2/mXN/ HED /HA B0 Iz/BIRE/BWT /o iz,

21b. BERLU /B8R / HED /HEBE L IEM o e /MmT/ s /RERN > T,

2Mc. B LI=/ZEN/DHED /PERDIENW/ERIL/RITS/ Do Tz,

21d. B U2/ 8BRS/ HED /RDRDIZN/FER/ KU/ Edlaho Tz,

2le B L=/ BRBBREN/HED/PHRDIEW/FEHRRIT/K[UTDH/ Edaho T,
21 HEE Lo /RIEBEN/HED/PE2RDB W/ REBBERER/KUTD/ & Tz,

22a. FHE LTz / BN/ B AT /b Tz /8 EZE/ >3 v 7 T/ERANT,

22b. FHEIL 72 /HREDY/ B AT/ BN e /BT /Ep T/ Ikicizo 7.

22¢. BED/FREN/ 2 —F 4 2 T/ HE LT /BE/ RN/ RiITI8 o 7z,

22d. BB /BEDN/ I —F 4 /BB U /BT R/ FMER/ KI8T,

22e. BO/INRBHEDY/ X —F 4 X7 WZ/WRE L 72 /WRHER/M7Zh/ K[ izo 7z,
22f. BD 7= /WRHEN/ I —F ¢ > 7/ LT //NERHER /725 /KT iz o 72,

23a. BUWEL /= /BRI /T HT I —H%E/ Lo 2 /BEBIT/BERNT/pnwE,
23b. BUE L2 /BEBD/ T AT I —H%E/ Lo /BEIL/ AR/ BE o Tz,
23c. Bo e /BEN/HBBD/BoTW/BERBIL/Iox & /@7,
23d. B /EBN/RAEBL/BoTWE/BFR/ o3 & /R T,
23e. Beo /BREEN/OE—IZ/ Ao TER/EERBII/HER /K,
23 o /e EN/OE—IZ/ Ao TER/BRERIL/EHER /HT-.

24a. EN - /FBARCED/ERIT/HHNIZ o 7o/ ZEHB BRI/ B T/MEIcE N,
24b. W o/ BN/ BRI/ HHINZE S 2/ F BRI/ B T/MEcE Nk,
24c. RS-/ HBEBN/WOP /BT e /ZIEREIZ/ 1Y E/SLH LK.
24d. R e /ZMEE D/ MOF /BT /R / e/ 2 LH L,
24e. RFES o /MERN/ ETH/BED 2o T /RERIT/ B> T/EHWTWE,

24f. RS2 /WEREN/ ETH/BED o e /MEFKL/ B o T/BNTNWE,
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APPENDIX G

TEST SENTENCES FOR EXPERIMENT 4

The following are the conditions for each set.

Double-gap RC with distant filler involving a subject gap

Double-gap RC with distant filler involving an object gap

Control sentence with the matrix topic coindexed with a dropped subject
Control sentence with the matrix topic coindexed with a dropped object

e o

la. THRIL 72/ 15/ BHERE D /BRI H - 7o /BT /MMD T /EA S BTz,

Ib. PRI T=/BN/ B/ B/ i3/ oK/ Ehanlk,

le. FRILE/ G/ BHER D /BT H - Te /e DI /RIS /MDIFIT/EZ 8T,
1d. FRIL =/ BA /BRI /BN leoic/ B/ Mogic/ Ehanik,

2a. EX U/ BN/ ED/ AT —F o=/ BHIR/ R &2 /BN,

2b. X U7/ B/ IED /i E o I= /BT /B0 DY/ Kino Tz,

2. EX U=/ BIED/ FFED/ AT —F o oD T/ B/ RTA >%&/BMLE,
2d. XX U=/ BN/ JED/BEE > O T/BIT/ BN/ Lo -,

3a. o o /BRI K/ F LD Fo /HRNT/ RET /o Tz,

3b. o /BN BEIT/E - T /REHI/ BRI/ oz,

3c. o e /BRE/ EIE/H U0 Te O T/ARRHL/ZEH T /M 5 Tz,
3d. o /AR BRI/ W T e T/REHI/ERBIC/F b Nz,

da. B LT /BEIRDY/BED/FEE -T2/ BRI AT/2 BB /EHWIAAT,

4b. B L/ BEE AN/ DIRD /Ko TWE/EERIZ/ RS 20/ Biniz,

de. WAL /BRM/EHE O/ EEIZ -T2 T/BEIAIL/2ED/HWRAAT,
4d. BE L=/ BREE AN/ DI /Ko TWEDT/FIRIZ/ RS 20/ B iz,

Sa. MR LU/ T AN/ ER/ERIZ S Te/ LR/ BN/ R T,

Sh. RR U/ RED/ ETH/ERES/FA NI/ BN/ &R LT,

Sc. RRU/T AN/ EB/ERE S Iele®I/Fe L3/ BN/ Bino Tz,
Sd. R U2/ REDN/ ETH/ERES DI/ TA ML/ 2B/ & LT,

6a. BATE/ BN/ 2R/ LT o T /8BS / EEE /Ko Tz,

6b. BATE/BBN/ ETH/MEER 572/ B213/2 FR/Ebhisd o /2.

6Cc. BATZ/ BN/ 2E/BIIE S Teled iz /BBIL/ X E /Ko Tz,

6d. BATZ/BREEN/ ETH/MEEE 2 DI/ Be13/2 £Fl/Ebnizho .

Ta. BTl /RN / BT/ BN /EBET/ N> <D/ D REN.,

To. BT /EEED/ZEBFE T/ AL /TR BT/ 3 ERENTE,

Te. BT/ IR/ BT/ EN /oD /BEE L/ Mo < 0/ d kN,
Td. BT/ BEN/ZSBEH T/ AL DI/ b/ BT/ Bl E /AT,
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8a. JEiR L7z /BB /BB ET/HEL/ERT 3/mMsZz/ O LTz,

8b. EEAL =/ BET O/ ENT/BIRD Uk /BEEIZ/ BRI/ SO0 2.

8c. BER L /= /HEVED /B L T/MIR L 727z /BRS d /e /DL,

8d. IR L /= /BT N/ ENT/BIRD L /=0Iz/ BB I/ BT/ S Dho fz.

9a. ¥ Ule /AL / A T/BIEL o /4 EI3/ —F&/BR U .
Ob. BE LI /HEN/ D T/HME o> /&3 / —F%/BREL .
Oc. BE L7z/2HN/ AW T/BREL o7 iZ /#HRIE/ —H&/BRL 2.
Od. #E L7z /#EM/ W T/ME o I/ DI/ 43/ — 4% /BIEL 7.

10a. 72 < U7z /B8 /RO B/ RD Mo Te //INEER /BT /M52,

10b. 72 < UZe//NFAEN /RO B /%30 tHiz /A& /AEN /R U .

10c. 72 < U7e/BHR A/ RD B/ RDhy o Te 7o i //INE AR /HEIT /A S Bz,
10d. 72 < UTe//INEEDN /RO B /AT D W e e iz /Aaid /AN /IR Uiz,

lla. W /2B0/FTEX D/ EIIW/SERIZ/EERN /B o T,

11b. W /KEEN/BHAT/REL/23/7 <Ic/#&bol,

Ilc. W/ 230/ FREL D/ RIINWT=0IT /KGRI /AN /o Tz,
11d. W/ EEN/BHT/RELEEDIC/2mI/ T <Ic/&bo k.

12a. BE L 7= /BAEN/ KN T/HBL/BRIT/ Qizis /s Tz,

12b. Bk L 7= /BN /8 CT/RE L 2 /BE3/2 B /i Lz,

12¢c. B L 7= /B A0/ KW T/HWi L7202 /BRI /i iant s /o Thiz,
12d. B LU 72 /BIEN/ B T/BE LD /EE13/2 0 /R L.

13a. U /ZRD/ 22— AET O /EBRITZ 2 Te /1EE L/ A F U A /HRET LT,
13b. U 72 /BN /TN o T D/ I L 2 N0 T2/ ERIE/RIFT D %N/ %R LI,

13c. MU /EZRN/ 22— AT O /BRIIE S e D T/REWR/AF U A/ T L.
13d. U 72 /BB /"N FD/F L2 NSO T/ EZRE/MFTOEN/5ER Lz,

14a. BB L 72/ RAEDY/ 51 Ty M2/ Bnie/ZFRER/REC/BLATL,

14b. BB U7/ HFREN/F A Ty M/ U 7/ RERIL/FE/IEE o Tz,
ldc. BRABRU 72/ RAEDY/ 51 Ty MZ/BNieDT/ZFRERZ/ KB/ BLAT,
14d. AR U T2 /ZFREN/F A Ly BT/ =D T/BERIT/ ZEIT/IEE -T2,

15a. R LZ/ L F—F0/ 2 a N> O/EME ST/ ET ZA M/ BAN/EE L.
I5b. B LI/ET ZA N/ RKFERRO/BIEo e /2L F—Fd/ BN /ER U,
15c. BBLI/ BV F—FT0/ a0/ E-7=0T/E7 2 M3/H A/ EE L.
15d. B LI/ET ZA MY/ RFERRD/RIES DT/ 2L F—Fid/HABN/ER L .

16a. #EHEL 7=/ FATHDY/ T2 D 26 /A U Te /MR /BRI /HEE LTz,

16b. Bt L 7= /B RN/ DIBSEIE T/ BINTe / RATHNS /2211 /B &R U =,

16¢. BHEL 7o/ RATHDY/ T2 D 2 S /RK U e Te DT/ MR/ BRIEIC /HE Lz,
16d. Bt L 7o /HEAY/ DIRFENE T/ BINT2 Iz DI/ ATHEIL/ZEH1C /B ZR L 7z,

253



17a. R UI/MCAER/BEBO/BEo7/BUE AT/ BB /&R Lz,

17b. R U/BU S AN/ BEIT/FE LN T /LR MR/ BT s,
17c. RAUI/MLER/BED/EES DT/ BUI AR/ EWEEIC/EFEL 2.
17d. R U /BU I AN/ REIC/FH LN T2OT/HLAR/EMEEI/ BT S5z,

18a. MAEL 7=/ F MM/ TRU LIC/EMIE> 2/ MER/BERZ/HS L

18b. MEL =/ MHN/FERBE 2/ XT T 2120 e /EHE/ —BRT/HRLUTZ.
18c. & L7z /BHN/THRU LIS/ B> 2O T/MEL/BERZ/HP L,
18d. #EL =/ FIEN/BBRBER/NT I LoD T/F M/ —BET/ MR LI,

19a. Bo 7o /BED/BERIZ/ AN/ ERANR/ ER2tL 2 /FRAT.

19b. B /= /ZREAM/ A /RS L /R /Rnic/Hani.

19c. B o7z /ZEN/EERIT/ AN DIT/EZRNS/ Btz /A Tz,
19d. Eo7=/ZREAD/ LR /BT L 27012/ BB/ R0 I/ HEh,

20a. A LTz /#EAY/ E51Y O /MERIE S o/ E MR/ Rra% /EHE LT,

20b. A LU/EIREEN/EHV D/ T 7 V2o o /AREE/ MREN /1 E A LT,
20c. BAL/RBER/EHY D/MEREZE > 2D T/EMERET/ Brae/FE LTz,
20d. BAU/ERBEN/CHVY D/ T 7 2120 OT/IRENT/MEREN/E & ET,

2la. BERU/HXN/ D T/EZIzo 2 /BBT/ B AT /BHB L.

21b. BEL/BEN/ETH/ L ELUTW /3RS BN/ ELT-.
21c. BELZ/HRXWN/ D T/ BB IO T/ERI/ AAIRT/BELE,
21d. BEBUZ/B8RN/ ETH/BLE ELUTWEDT/HUT/ BB/ ELTE,

22a. EHEL=/BEN/FEART/HLIIZE->/BER/ T a v 7 T/EBALE.
22b. BtEi L 7= /BEN /w2 NG T/ 7 o iz /BEZ/ @b T/ hikiciao 7z,
22¢. FHEI U= /EEN/FERRT/HIEI R 22012 /MER/ > a v 7 T/ERATE,
22d. FHELZ/EEN/ NS T/ 7 s 200 /EBEZ/BRT/H IR T,

23a. BUWEL 7= /Bl / AR D/ SHRE - 1= /BB /iR E /T &k U .

23b. HEL /BB /IRED /BT o T /BB / #I8 S — 2/ Ea Lo .
23c. BEL=/BER/ BXD/GEE > 1O T/BBR/EEREE/fTEkR U,

23d. BEL /BB RO/ HHIE ST D T/BES/ R — 2N/ Ee Lo Tk,

24a. B/ Ty —0/10 b /FNl/ SR/ TV EREN/EA .

24b. e /IR BA/ RASCEME /BE LT/ Tyt — 3/ HAH AN/ B0 Tk,
24c. B /Ty —/10 MG/ RBNOT/KEERIZ/ TV EREN/BZ 7z,

24d. BN /IR EN/RAERZ /R LD T/ Ty — R/ A TN/ Ho T,
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APPENDIX H

TEST SENTENCES FOR EXPERIMENT §

The following are the conditions for each set.

Strong bias with distant filler involving a subject gap
Strong bias with distant filler involving an object gap
Mild bias with distant filler involving a subject gap
Mild bias with distant filler involving an object gap
Null bias with distant filler involving a subject gap
Null bias with distant filler involving an object gap

hmo o o

la. TRIUT=/ 0N/ ERED /B & - 7o /B / MO /EX S/,
Ib. THIL 7o /B A/ BRI /BN / i/ MOFIC /£ E N,

le. MAE/IEEN/ ETH/RALIZ- T2/ BE/TERIT/HE L Tz,

1d. BEATZ /BN ETH/RALE o T2 /RIS IERIC /i LTz,

le. AT /ER/FTVER/ AT/ RIG/ET/ T,

I A/ KD/ TVER/R TN /E/ B/ H,

2a. X U /BB FED/ AT —F o 12/ BME/RUA 22 /BMU .
2b. XU 7=/ BYER/ G D /I o T /BRI /BB O WY Kin o Tz,

2C. FoTz/AEN /WD W/ AR IZ o 7o/ B/ sk L < /ImEL 2.

2d. Bo T/ BEN/BADN/VEMTE o T /IS / B K < /IRE L 7z,

2e. Folo/BERD/HD W/ MERTE o o /REF LI/ B K < /REL.

2 Bo T /REFEN /BB W/ KR TE o To /BREFL /i L < /B LTz,

3a. o e /BRI K/ F Lo T /B N/ BT /MM Tz,

3b. o7 /BAD/ BRI/ B> TV /HEHI/ BRI/ FE SNz,

3c. Bo e /RBUGH/ I A H—A%& /TR U/BNT/ ETH/BNW .,

3d. Bole/BADN/ I AT — A% /TR Uk /RBURIZ/ & TH/BWiz,

3. Bole/TAUAANR/E— P IVAZ/FaLI/AFVANL/ ETH /BN,
M. BT/ AFUAAR/E—NIVRE/FRL/T AV ANZ/ ETH/ W,

da. BFE LT /BERD/BE D/ BEIZ > e/ BEEAIT/2EL/BVRAATE,
4b. BE U2/ BEE AN/ DIRD /Ko TO e /BERRIZ/ RS B/ BTz,
de. WHARE/FERB/MDER/SoTWe/ BRI AR/ EE/HiT.

4d. KB A/ BRI AN/ MO ER/Fo TWe/FHIZ/EE /H,

de. THATE/WEN/ MO E R/ > TW e/ BT/ Bz /1o 7.,

A ICHAE/EBN/ MO EE/E > TWi/IHZ/ BN /T 7z,

Sa. AL/ TA NN/ B/BRIES /LR BN/ R T2,
Sh. R L/ REN/ ETH/ERE /T A ML/ 2B/ &KLk,
Sc. Rk Jo/BEAD /BN /SL> T e/ RER/FE/ 50T

5d. RiE o fe /D /M /Lo T /BREAIR/FE /5o Tz,
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Se. Rk o7z /Rt BAY/BEHRIC/ > TW e /RRIE/ F2 /5o 7,
St Ao fe /MM BEEBIC /> TWie /2 BIX/F% /5o 7.

6a. BATE/ BRI/ B/ B o T/ BB/ BEE/ Ko,

Ob. MATZ/SREN/ ETH/EEL - 72/ BRIT/2 R/ Hohizho iz,
6c. 87z /O LAY/ BEH T/RF 7= /sE%I3/ MRfic/EE L 1=,

6d. B 7= /%A BEE T/R T /OL I/ RN /BE L .

6e. o/ /F L EIN/BIEET/RT e/ RRDEIT/ PRI/ BFEL 7=,
6f. Wo Jo /AR RADEDN/ BEGE T/ BT/ F 2 EZR/ AR/ BFEL 7,

Ta. BTl / iRk /Mg T /BN e /RER/No <D/ Siarngz.,

7o, BT /EED/ZBEEK T/ AT/ IR/ BT/ 5 ERNTL,
Tc. Bifs L /BEDN/ & T /MHEE o Iz /EF L /bR /MU iz,
7d. FifF L /EED/ & TH/HE L o Jo /BE T/ FIEIT /ML T2,
Te. BG U /MRAY/ &Th /HEE T Jo /BERE /AT /AR L Tz,
7L S U7e /By / & Th /B o Fo /A AT /AR LTz,

8a. L o/ BEIEN/ B ET/BEL 2/ H¥k< 3/ M2/ DN L .

8b. BEE L7z /BE UN/ENT/BIRD U/ BB/ BIEIC/ S Dho T,
8c. TR 7= /BEN/IIBED /HMBTE 5 Te /B 3/ R/ HENDT,
8d. EH L 7=/ B 2N/ILBED/HETE o o /BB L/ RIBIZ /DT,
8e. ML o/ LN/ AMBED /M B TZ > Te /BB /RBIT/HEND Tz,

8f. MR L 7o /RFN/LUBED /M HTZ - T / LR/ R /Fe D 7z,

9a. ®EL/SH0/ AR T/RIEL Z/HERIZ/ —F&/aR L.

9b. BE LI=/HEN/ T/ HE > o/ 2L/ —F&/FIELZ.

Oc. MEM ST/ REN/ ETH/DAEL ST /A R/ EBIT/FE L.

9d. MM T /AED/ ETH/DAER S T /RMEFR/FRIT/FE L.

Oe. MEMoTe/REHEN/ ETH/DAEE > 7o /BELIT/ EEI/FE LK,
. Moo le/BBLEN/ETH/DAERE > o /XEH LR/ EFEIT/FE LU

10a. 72 < Ue/MAY/ RO B/ RO5 o 7= /A3 /BT /A5 Bz,
10b. 72 < UZe /Wl RO B /4% 0 Hile /BRI /HER /R U T,

10c. WU D= /EAEDN/FFT % /BN T W /HZERZ/ BN T/,
10d. WU B /HEN/BfE /BT /A R/ BT/,
10e. WU Bz /BH#EMN/BFT %/ HNTW e /EEIML/ BT /B,
10f. WU B 7=/ AN/ & /B W T W /BHERIL/ BN T/Bnk,

1la. W2/ RE0/FEX D /RN /SUE RS/ BN/ Bl o e,

11b. B /KERD/ o T/REL 2 /2813/ 7 < /fbo .

llc. 5T LZ/BEEN/BRAT/REL L /IERIZ /BRI /Bino T,
11d. 3 TRUE/ZEEN/BAT/RELIZ/ERERIZ/MEN/Eh o,
lle. ®TRU/EMA/ BT/ IRE L2/ KRS/ D/ Bino .
11, TR U/ KN/ 2R T/RE U/ EHE/ B/ Bino 7.
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12a. BE L 7=/ EWN/ KN T/ Hl LIz /BRE/ X% /Enthdiz.

12b. B U 7 /B / BT/ BB L7z /A1 /2 B /Ml Lz,

12¢. 6@ LT /BF0N/ B /@M L /BFEI/ RNT/RTWE,

12d. IR U e /BIRM/EH 2/ ENC U/ BRI/ RNT/ AT,

12e. [SB LT/ FEEN/EH &/ IENIT Ul /RERBIL/ RN T/ ATV .
12f. ISR U7/ ZEH BN/ B & /TN Uiz /BZFMEIL/ RNT/RTWE,

13a. U/ ERWN/ 22— AT O/BRIEZ T/ BB /A F) A/RfT LTz,
13b. U7 /%EW/ N> FD/F L 2 Mo Te/EIBIE/RIFED H0Y/ 587 LTz,
13c. ByE U /FRA/ERNT/FBE L TWe/RERL/ ETH/BD Lz,

13d. BhE L /BEN/ERNT/BHL TV /TRIZ/ ETH /RO LTz,

13e. BhE L7/ BN/ ERNIT/FEEL TH/HHBE/ ETH /b Lz,

13f. B U7z /HEBAY/ BRI/ LT /ZBI/ &ETH/BRL L.

14a. KU 72 /RFEN/ T 1 Ty M/ BWie/TFREZ/FEC/BL AT,
14b. K U7/ ZFRER/F A Ty M/ U/ BERIZ/2ET/IREo T,
l4c. BRI LT/ B/ B &/ ED> TWe/ZFRER/ B x> &/FRE- T,
14d. AR LT/ FREDN/E L/ B> TWie/Biid/ B x> &/FRE- 7z,
lde. R LTz /MEN/HET/EN T/ HEL/KRE/TT BTk,

14f. R U7z /BN /LB T/ENTWE/TTEE/ KR E /TTH k.

15a. B LI/ VI —FWN/an>o/EMEo7=/E7 A MI/EHE/EDTk,
ISb. ER LU/ ET A M/ RFIERERO/BES /2L —FT3/iEE &2 /£ 7z,
15¢. 3D 72/ D/ A2 7 =T/ RKTH/ET ZA ME/12o 20 /MEATE,
15d. 37/ ETZA RN/ 220 —=IVZ/E T/ DRI/ To T 0 /MELTE.
15e. E®Tz/ BRI/ BIRRT/ R TH/BERI/ > T /HEATE.

151, iZD e /ERN/BRRT/ TN /BHEFRIZ/ - 0 /MEAE,

16a. #BHMEL 7=/ RITHEADY/ T2 2 2N G /R UTe /R /BRI T /B LTz,
16b. #fE L 7= /BEDY DIBSEIE T/ BN 7z / RATHIZ /228 10 /81 ZR L 7z,

16¢. R LU 7= /JIBRED/ RITH /B> TWe/MERIZ/ 503 % /D .

16d. R U= /BEN/RITH/ B> TWR/HIBER/ 504 %/DU0 -,

16e. ZREL/H—T 7=/ E—FT/BTWE/FAN—IZ/#E/BOBER,
16f. EE L/ FAN—D/ E—=FT/BTW/ =T 7 -3/ e /BOBET,

17a. R U7=/MCED/BEBED/BIEo72/BU S AT/ EEIC/BE L,
17b. ER U=/ BLE AN/ BB /FH LD /LA s /B s hiz.
17c. LI/ ZDFN/AR/DETV/BUL IR/ KET/Eo7z,

17d. L2/ BLE AN/ B/ DETV/LOTFIR/ KRET/Eo 7,

17e. U7z /MM /—Bt/DER LT/ KB/ S T®/Hidi.

176 U 72/ REEDY/ — W/ D E R LU=/ / ST /T,

18a. MEU 7z /F MM/ TRU LI/ EHIE o 72 /FE S/ BEEE /Y L.
18b. #A L 72/ & TH/FHEMN o e /FHIZ/ L DR /MRR L.
18¢c. BT 72/ JUAR/ T A% /F > T /RFEZ/ BERT /% 2Tz,
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18d. BN/ FIER/ T ASEE/F> TW/ BN/ T /B A T,
18e. BT 72/ RFDRB/ VA Z /B LI/ NTFORIL/EDER/Mo>TER,
18f. BT 72/ RMF DN/ IV E /B LT/ RMTFDRIT/EDEZ /Mo TET,

19a. B - 7o /S8 /Wefli / HEFP U7z /ZRANIS/ KRBT/ 2R LT

19b. Ho7z/ZBAN/ SR /BEE L Tz /RENL/ D IT/HEni,

19¢c. BN/ LR—=F =D/ RNV /Feo THE/ERANZ/ R 2/ DTV,
19d. BNz /ZEREAD/ RVIZ/Feo T/ LR—F =13/ &/ DTN,
19¢. BWe /O T REN/NVIZ/Feo T2/ ROV RER/HE/ DTN,
19f. B/ RAYRBN/ N VI/Feo T2/ DT TRERL/ 2/ DE N,

20a. BAUT=/RREN/ERY O /METIEo o /EZMEERIT/RRa 2 /FHE Lz,
20b. AL =/E MRS/ EHY D/ 7 7 V2o o /AREIS/ RE D/ 1T & ET,
20c. RNLI/REN/ERVD/ T 7 X IEo7z/ERERIL/H BT/ B,

20d. RAL =/ EWBERN/EHV D/ T 7 220/ RE R/ S BT/,

20e. RNU =/ BYBERN/ENY D/ T 7 212> T /EMERE/ S BIT/Bni.
20f. BN U/ EMEBERED/EHNY D/ T 7 1o e /BMEERIZ/ & BIZ/ B0,

2la. BERU /@0 / R T/ R T /BRI A AR /BB LTz,

21b. R U /BN ETH /RO > e /33 HATIR/ IS T3 Tz,

2Mc. B L /ZEN/HED /P ERDIRN/ BRI/ RIS/ LD Tz,

21d. HBE L2 /BERD/ HED /RBR/DIRN/FEZ/RUITH/ EDTRino T,

2le. B LIZ/RBREN/ DXV /CHRDBRW/RHBRIZ/KUTSH/ DR T,
211 B LU /BREREN/HED/RHROBVW/BBERER/JITE/ LD,

22a. BHEI Lz /BED/ FEART/P IR T2 /MEE /> a v I T/EALE,
22b. BrEIL 2 /BER /2 I NT T/ Eiizo I /FE3/ & T/HIkITizo .
22¢. BOR/EEN/ I —=F 1 27/ HE LTz /B EE/ MM/ KTz Tz,

22d. BTz /BWER/ I —F 1 DT/ LU /BR TR/ MEN/Riizo e,

22e. BOR/MNRBEDN/ I —F 14 2T/ K Ul /NBHER /720 /KA 7o T,
22f. BDI/MBEN/ I —F ¢ > T/ WL 7= //NERIER/fIT7EH /K iz o 72,

23a. ®YELU 2 /A / HKD /SRS - o /BB /a2 /T &k LTz,

23b. BWEL 7= /BBN/ILED/BE T o f /BENT /BB — W/ Ex Lo T,
23c. Bo 7=/ BEN/RABRD/BoTW/EBEBIR/ZoXE/Ro 7.

23d. B = /BEEN/REBL /o TWE/BFII/ T X L /Ro Tz,

23e. Bo/BEEEN/OE—IZ/ A TER/EERBIZ/HMER/HT-.

23f. oz /AR EN/OE—IC/A-TER/ERERII/BER /.,

24a. EW /Tyt /10 b /Fniz/ZEBRIE/ 7V EHEN/ B -,

24b. W /BB ERFRE /BE LI/ Ty /A T AN/ Ho Tz,
24c. RS /HEEN/ Mo /BnTni-/ BB/ hdz2/S LHLE,

24d. B - 7=/ BB N/ Mod /BnTni/%EE I/ hdE2/ S UHLE,

24e. RS /MERIN/ ETH/ BBV Eo = /RERIT/BR->T/BnTn,

24f, RS /REEN/ ETH/ BBV o = /MERISZ/ B - T/BnTn,
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