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ABSTRACT 

This study presents the theory that language comprehension involves analyzing 

sentences into phonological structures, syntactic structures, and semantic structures. The 

interaction between the three levels of linguistic representation accounts for four stages of 

parsing; (a) (|>-phrasing (i.e., combining words into phonological phrases), (b) attachment 

(i.e., attaching a phrase to an existing structure), (c) thematic interpretation (i.e., 

interpreting thematic relations), and (d) clausal analysis (i.e., processing a sentence clause 

by clause). Syntactic ambiguities are resolved through the four stages of parsing. This 

theory explains why some locally ambiguous sentences cause garden path effects whereas 

others do not and why some globally ambiguous sentences cause pun effects whereas 

others do not. 
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I INTRODUCTION 

l . l  A Problem 

In his book Aha! Insight, M. Gardner (1978) posed the following problem; 

(1) Uriah Fuller, the famous Israeli superpsychic, can tell you the score of any baseball 

game before the game even starts. What is his secret? 

Perfetto, Bransford, and Franks (1983) asked college students to solve this 

problem. They found that a frequent answer was "He is a superpsychic." Clearly, the 

problem was difiScult to solve. 

So what is Uriah Fuller's secret? The secret lies in the ambiguity of the sentence. 

One meaning of the sentence is that before a baseball game starts, Uriah Fuller can tell you 

what the score of the game will be. But the other meaning, which most people fail to 

notice, is that Uriah Fuller can tell you what the score of a baseball game before the game 

starts is. (Of course, it is zero.) These different meanings are due to different syntactic 

structures; 

(2) VP 

VP PP 

tell you the score of a baseball game before the game even starts 



16 

(3) NP 

PP NP 

the score of a baseball game before the game even starts 

In stiucture (2), the subordinate clause before the game even starts—syntactically, 

a prepositional phrase (PP) in which the preposition before takes a sentential complement 

(JackendofT, 1977)—is part of the verb phrase (VP) and a modifier of the verb tell. But in 

structure (3), it is part of the noun phrase (NP) and a modifier of the noun score. Thus, 

the sentence is syntactically ambiguous. It is compatible with multiple syntactic structures. 

Syntactically ambiguous sentences like the "Uriah Fuller problem" are remarkably 

common in natural languages. People must cope with syntactic ambiguities regularly. But 

how do people resolve syntactic ambiguities? The purpose of this study is to find out how 

people resolve syntactic ambiguities and, more generally, how people comprehend 

sentences. 

The remainder of this chapter shows that syntactically ambiguous sentences can be 

divided into a few classes on an empirical basis. Chapter 2 contains primary data from 

English. Chapter 3 reviews previous theories of syntactic ambiguity resolution. Chapter 4 

describes the linguistic structures assumed in this study. Chapter 5 develops a theory of 

parsing. Chapters 6 to 9 explain the data. These four chapters correspond to four stages of 

parsing. Chapter 10 focuses on effects of context on syntactic ambiguity resolution. 
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Chapter 11 deals with certain anomalous sentences and ungranunatical sentences. Chapter 

12 explores the universality of parsing. In particular, it examines verb-final constructions 

in Dutch, German, and Japanese. Finally, chapter 13 discusses implications that this study 

has for the relationship between grammar and processing. 

The study of syntactic ambiguity resolution requires dealing with overwhelmingly 

diverse issues, both linguistic and psychological, and there is no alternative but to deal 

with them. I will try to present the material such that it is comprehensible to readers with 

little background in linguistics or psychology. 

1.2 Overview 

In his book The Mind's New Science, H. Gardner (1985) characterized one of the 

key features of cognitive science as the belief in levels of representation; 

Cognitive science is predicated on the belief that it is legitimate—in fact, 
necessary—to posit a separate level of analysis which can be called the "level of 
representation." When working at this level, a scientist traffics in such 
representational entities as symbols, rules, images—the stuff of representation 
which is found between input and output—and in addition, explores the ways in 
which these representational entities are joined, transformed, or contrasted with 
one another. This level is necessary in order to explain the variety of human 
behavior, action, and thought, (p. 38) 

Although a sentence is apparently a string of words, linguists describe it as a 

hierarchical syntactic structure. Structural description slightly differs fi'om theory to 

theory, but it typically looks like this; 
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(4) S 

NP VP 

Det N V NP 

the dog ate Det N 

the sandwich 

The syntactic structure in (4) shows that the sentence (S) The dog ate the 

sandwich consists of the NP the dog and the VP ate the sandwich, that the NP the dog 

consists of the determiner (Det) the and the noun dog, that the VP ate the sandwich 

consists of the verb ate and the NP the sandwich, and that the NP the sandwich consists of 

the determiner the and the noun sandwich. Because of its shape, a syntactic structure is 

referred to as a tree (upside down), and its components are referred to as nodes and 

branches. In particular, the highest node is referred to as a root. A syntactic structure is 

also described as a family tree. A node is referred to as a mother if it bears a daughter. In 

structure (4), the root node S is a mother of two daughters; an NP and a VP. And they are 

sisters. 

Suppose that the PP on the table follows. It can be attached to either the verb ate, 

as in (S), or the noun sandwich, as in (6). 
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(5) 

(6) 

ate Det N on Det 

the sandwich the table 

NP VP 

Det N NP 

the dog ate Det N* 

the N PP 

sandwich P 

on Det 

the table 

If the PP is attached to the verb, it modifies the verb. As a result, the sentence 

means that the place where the dog ate the sandwich was on the table. But if the PP is 

attached to the noun, then it modifies the noun. In that case, the sentence means that what 

the dog ate was the sandwich on the table. 

The fact that the meaning of a sentence depends on the meanings of the words and 

the ways in which they are combined is called compositiomlity. Syntactically ambiguous 

sentences are evidence for compositionality. In fact, not only syntactically ambiguous 
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sentences but also syntactically unambiguous sentences are evidence for compositionality. 

For example, consider the sentence The man bit the dog. It means only that the man bit 

the dog; it does not mean that the dog bit the man, however plausible. Compositionality 

poses a problem for the view that the meaning of a sentence is a result of connecting the 

words to one another like a network (see J. A. Fodor & Pylyshyn, 1988; Pinker, 1997; for 

discussion). Rather, in order to understand the meaning of a sentence, it is necessary to 

combine the words into constituents like a tree. 

Researchers generally assume that an incoming word is attached to the preceding 

structure as it appears. Hence, it is a common assumption that a syntactic ambiguity arises 

as an incoming word can be attached to more than one position in the preceding structure. 

A syntactic ambiguity also arises as a word is categorically ambiguous. J. D. Fodor 

(1995) gave the following example; 

(7) Love bears all. 

The word love is categorically ambiguous. It can be either a noun or a verb. If it is 

a noun, an NP can be projected. But if it is a verb, then a VP can be projected. Similarly, 

the word bears can be either a noun or a verb. 

Syntactically ambiguous sentences are customarily divided into two classes; 

globally ambiguous sentences and locally ambiguous sentences. A globally ambiguous 

sentence is ambiguous as a whole. It is compatible with more than one grammatical 

structure at the end of it. For example, the Uriah Fuller problem is a globally ambiguous 
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sentence. In contrast, a locally ambiguous sentence is unambiguous as a whole, yet it is 

ambiguous in midsentence. Bever (1970) gave a classic example; 

(8) # The horse raced past the bam fell. 

Most people initially find sentence (8) to be unacceptable. However, it is perfectly 

a grammatical sentence. The symbol # is commonly used to indicate that a sentence is 

grammatical yet unacceptable. The unacceptability of sentence (8) is due to its local 

ambiguity; The verb raced can be attached as either the verb of a main clause or the verb 

of a reduced relative clause modifying the noun horse. The correct interpretation is the 

verb of a reduced relative clause, but people prefer to take it to be the verb of a main 

clause. As a result, they are stunned by the appearance of the verb fell, realizing that their 

interpretation has gone awry. The processing di£Bculty resulting from an incorrect 

interpretation of a local ambiguity is called a garden path effect. The garden path effect 

has its name because it leads people up the "garden path." 

Garden path sentences like (8) as well as globally ambiguous sentences like the 

Uriah Fuller problem indicate that people resolve a syntactic ambiguity in favor of one 

structure. Here is the paradox; People can resolve some local ambiguities without garden 

path effects either way. 

The paradox was originally discovered by Bever (1970). When he introduced 

sentence (8), he noted that sentence (9), which is similar to sentence (8), does not cause 

processing difiBculty. 

(9) The horse sent past the bam fell. 
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Sentence (9) is locally ambiguous at the verb sent, which can be attached as either 

the verb of a main clause or the verb of a reduced relative clause modifying the noun 

horse. In other words, it has the same syntactic ambiguity as sentence (8). Nevertheless, it 

does not cause the garden path effect that characterizes sentence (8). 

What is the difference between sentences (8) and (9)? Bever (1970) noted that 

they have different classes of verbs. The verb race can be either an intransitive verb, as in 

(10a), or a "causative" verb (i.e., a class of transitive verb; see Levin, 1993; Pinker, 1989), 

as in (10b). 

(10) 

a. The horse raced past the bam. 

b. The jockey raced the horse past the bam. 

On the other hand, the verb send is purely a transitive verb. In fact, effects of verb 

class on syntactic ambiguity resolution can be found in a variety of constmctions (Gibson, 

1991; Pritchett, 1988, 1992). Hence, there is a question as to why verb classes are a major 

factor in syntactic ambiguity resolution. 

M. P. Marcus (1980) discovered another sentence that is similar to sentence (8) 

yet surprisingly easy to understand; 

(11) Is the block sitting in the box red? 

Sentence (11) is locally ambiguous at the verb sitting, which can be attached as 

either the verb of a main clause or the verb of a reduced relative clause modifying the noun 

block. Again, it has the same syntactic ambiguity as sentence (8), yet it does not cause the 
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garden path effect. Similarly, sentence (12) seems to be considerably easier to understand 

than sentence (8). 

(12) Is the block placed in the box red? 

In fact, it is not difficult to find locally ambiguous sentences that do not cause 

garden path effects. The categorically ambiguous sentence in (7) is another example. Such 

locally ambiguous sentences indicate that the existence of a syntactic ambiguity is 

necessary but not sufficient for a garden path effect. 

It should be noted that the term garden path effect is ambiguously (and quite 

confusingly) used in the literature. Whereas some researchers use it to refer to conscious 

processing difficulty (e.g., Gibson, 1991; Gorrell, 1995b; M. P. Marcus, 1980; Pritchett, 

1988, 1992; Steedman & Altmann, 1989), others use it to refer to unconscious processing 

difficulty as well as conscious processing difficulty (e.g., Clifton & Ferreira, 1989; Frazier 

& Rayner, 1982). Unconscious processing difficulty is the kind of processing difficulty 

that cannot be fek by people but may be detected by a sophisticated experimental 

technique. Currently, conmionly used experimental methods involve measuring reading 

times. One popular method involves recording the participants' eye movements while they 

are reading (see Rayner & PoUatsek, 1989). Alternatively, in a "self-paced reading" 

method, the participants push a button in order to see each successive word appear on a 

computer screen (see Just, Carpenter, & Woolley, 1982). Normally, processing difficulty 

is measured by comparing reading times for the words in the disambiguating region of 

locally ambiguous sentences to those for the same words of unambiguous control 
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sentences. If the reading time difference reaches a level of statistical significance, it is 

considered to be evidence for processing difficulty. 

However, processing difficulty does not necessarily reach a level of consciousness. 

For example, consider the following sentence (from Ferreira & Clifton, 1986); 

(13) The defendant examined by the lawyer turned out to be unreliable. 

Like sentence (9), sentence (13) does not cause conscious processing difficulty. 

Presumably, the lack of conscious processing difficulty has to do with the fact that the 

verb examine is purely a transitive verb. However, experiments (e.g., Ferreira & Clifton, 

1986; Trueswell, Tanenhaus, & Gamsey, 1994) can reveal that sentences like (13) take 

longer reading times in the disambiguating region (e.g., by the lawyer) than unambiguous 

control sentences (e.g.. The defendant that was examined by the lawyer turned out to be 

unreliable). Thus, there is substantial evidence for unconscious processing difficulty. 

However, researchers disagree about how to interpret unconscious processing 

difficulty. Whereas some researchers interpret unconscious processing difiBculty as a 

garden path effect, others argue that unconscious processing difficulty reflects the 

difficulty with which a less preferred structure—for a variety of reasons—is processed. In 

the latter view, unconscious processing difficulty cannot be a garden path efifect because 

there are alternative structures being processed in parallel. 

In this study, I will use the term garden path effect to refer to only conscious 

processing difficulty. Although unconscious processing difficulty is equivocal, conscious 

processing difficulty is telltale evidence for garden path effects. Hence, conscious 
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processing difficulty provides particularly useful information about the human sentence 

processing mechanism. To make the distinction between conscious processing difficulty 

and unconscious processing difficulty, I will use the term garden path effect to refer to 

only conscious processing difficulty. 

Unfortunately, there is no known experimental technique that can distinguish 

conscious processing difficulty from unconscious processing difficulty. The problem lies in 

the fact that no known objective method can draw the line between conscious processing 

difficulty and unconscious processing difficulty. Consider the experiment that compares 

reading times. One type of locally ambiguous sentences may take longer reading times in 

the disambiguating region than unambiguous control sentences by an average of 87 ms, 

and another type of locally ambiguous sentences by an average of400 ms (actual data 

from Sturt, Pickering, & Crocker, 1999). Although these numbers show that the first type 

of locally ambiguous sentences costs less processing difficulty than the second type of 

locally ambiguous sentences, they do not tell whether these types of locally ambiguous 

sentences are consciously or unconsciously difficult to understand. Certainly, today's 

experimental techniques are usefiil for various purposes, but they are not particularly 

useful for distinguishing conscious processing difficulty from unconscious processing 

difficulty. Only the human minds can tell the difference. 

Intuitive data are widely used by linguists for research purposes. Chomsky (1965) 

defended the use of intuitive judgments by arguing that an adequate experimental 

technique must meet the condition of conforming to the intuition of the native speaker in 
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clear cases. He also indicated that "the critical problem for grammatical theory today is not 

a paucity of evidence but rather the inadequacy of present theories of language to account 

for masses of evidence that are hardly open to serious question" (Chomsky, 196S, pp. 19-

20). This problem seems to apply to theories of language comprehension today. In fact, 

there are masses of locally ambiguous sentences that are really difficult to understand, and 

there are masses of locally ambiguous sentences that are really easy to understand. Yet no 

theory has succeeded in accounting for the known data. Although there are differences in 

conscious processing difficulty and in unconscious processing difficulty, the differences do 

not necessarily mean that there is no distinction between conscious processing difficulty 

and unconscious processing difficulty. If intuitive data are carefully selected, they can be 

useful for research purposes. It is likely that the distinction between conscious processing 

difficulty and unconscious processing difficulty reveals something important about the 

human sentence processing mechanism. 

Not only locally ambiguous sentences but also globally ambiguous sentences can 

be divided into two classes. Most globally ambiguous sentences are like the Uriah Fuller 

problem; they are interpreted one way or the other. But there are globally ambiguous 

sentences—namely, puns—that give people multiple simultaneous interpretations. Norvig 

(1988) gave the following example; 

(14) She criticized his apartment, so he knocked her flat. 

In sentence (14), the subordinate clause is globally ambiguous. It means either that 

he struck her down or that he criticized her apartment. This particular pun is more likely 
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to please speakers of British English than speakers of American English because the word 

flat means an apartment in British English. 

Syntactically ambiguous puns seem to be rare, but here is another example; 

(15) Seven days without water make one weak (week). 

If sentence (IS) is a spoken sentence, the adjective weak and the noun week are 

homophones. As a result, the sentence has a similar syntactic ambiguity to sentence (14) 

and causes a similar pun effect. 

In sum, both locally ambiguous sentences and globally ambiguous sentences can be 

divided into two classes on an empirical basis. Locally ambiguous sentences can be divided 

into (a) sentences that cause garden path effects and (b) sentences that do not. Globally 

ambiguous sentences can be divided into (a) sentences that cause pun effects and (b) 

sentences that do not. These differences call for explanations. 

Surely, this classification is an idealization. Syntactic ambiguity resolution can be 

affected by a variety of information, both linguistic and nonlinguistic, and there are 

degrees of acceptability. Moreover, syntactic ambiguity resolution can be affected by 

contextual information, and a sentence may not cause the effect that it normally causes. In 

fact, a garden path effect may disappear if people are given a prior instruction or 

experience (Chomsky, 1986b) or a prior discourse context that induces an alternative 

interpretation (e.g., Grain & Steedman, 1985). 

But in order to deal with degrees of acceptability, it is important to recognize that 

language generates an infinite variety of sentences. And in order to deal with infinity, it is 
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ineffective to be concerned with "epistemological hairsplitting." I believe that the best 

strategy is to strike a balance between induction and deduction. Although it is important to 

observe a wide range of data in order to discern differences in acceptability, it is necessary 

to develop a theory in order to predict differences in acceptability. After all, classification 

is useful for sorting out mess. The purpose of this clarification is to simplify the problem 

by dividing an infinite variety of sentences into a few classes. 

H. Gardner (1985) remarked that "in an effort to explain everything, one ends up 

explaining nothing" (p. 41). Indeed, it is necessary to break up the problem into parts and 

come up with subtheories that explain parts of the problem. In this study, I will focus on 

effects of linguistic information on syntactic ambiguity resolution. Although I will 

occasionally look at effects of nonlinguistic information, such as plausibility, discourse 

context, and lexical bias, they are not my primary concerns. In fact, I will claim that the 

four classes of syntactically ambiguous sentences (described above) are mainly due to 

effects of linguistic information. Assuredly, I will present a theory that is compatible with 

effects of nonlinguistic information so that it does not contradict with the fact that 

nonlinguistic information as well as linguistic information affects syntactic ambiguity 

resolution. Nevertheless, the goal of this study is to attain the best subtheory within the 

limits set by the linguistic conditions. 
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2 DATA 

This chapter contains primaiy data from English. Almost all of them have been 

selected from previous studies. I have found studies by Frazier (1979) and Gibson (1991) 

to be particularly useful in collecting the data. They are remarkably rich sources of garden 

path materials. 

The data are divided into two major sections; local ambiguity and global 

ambiguity. The local ambiguity section is subdivided into six sections; (a) verbal 

ambiguity, (b) noun phrase ambiguity, (c) prepositional phrase ambiguity, (d) clausal 

ambiguity, (e) nominal ambiguity, and (f) categorical ambiguity. The global ambiguity 

section is subdivided into three sections; (a) prepositional phrase ambiguity, (b) adverbial 

ambiguity, and (c) puns. Most of them are further divided into smaller sections. 

Unavoidably, there are some areas of overlap because a sentence can be ambiguous at 

multiple levels. 

Each section contains a few illustrative examples and a brief description of the 

ambiguity. The judgments of processing difficulty are intuitive. The term garden path 

effect is used to refer to conscious processing difficulty. I will cite references to support 

the judgments. For readers who are interested in effects of nonlinguistic information, such 

as plausibility, discourse context, and lexical bias (or lexical frequency), I will include 

studies of effects of nonlinguistic information in the references and will provide illustrative 

examples in some sections. It should be noted that this reference list is not exhaustive. 
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There is considerable evidence that if alternative interpretations differ in 

plausibility, and if other things are equal, people prefer a plausible interpretation to an 

implausible interpretation. If a word is lexically ambiguous, people may prefer a lexically 

frequent interpretation to a lexically infrequent interpretation. Effects of discourse context 

are typically examined by changing the number of referents. For example, Altmann and 

Steedman (1988) used the following contexts and sentences: 

(16) 

a. A burglar broke into a bank carrying some dynamite. He planned to blow open a 

safe. Once inside he saw that there was a safe which had a new lock and a 

strongbox which had an old lock. 

b. A burglar broke into a bank carrying some dynamite. He planned to blow open a 

safe. Once inside he saw that there was a safe which had a new lock and a safe 

which had an old lock. 

(17) 

a. The burglar blew open the safe with the dynamite and made off with the loot. 

b. The burglar blew open the safe with the new lock and made off with the loot. 

Contexts (16a) and (16b) differ in the number of safes. In context (16a), there is 

only one safe. In context (16b), there are two safes. Sentences (17a) and (17b) differ in the 

PP attachment. In sentence (17a), the PP with the dynamite is attached as a modifier of the 

verb blew. In sentence (17b), the PP with the new lock is attached as a modifier of the 

noun safe. People normally use a noun modifier when the noun has more than one 
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referent. Hence, the two contexts support different interpretations. The "one-safe" (or 

"one-referent") context supports the verb modifier interpretation because the I>{P the safe 

in each of sentences (17a) and (17b) is specific enough to refer to the only safe in the 

discourse. On the other hand, the "two-safe" (or "two-referent") context supports the 

noun modifier interpretation because the NP the safe alone is not specific enough to refer 

to one of the two safes in the discourse. Altmann and Steedman (1988) found effects of 

discourse context. Reading times for verb-modifying PPs were shorter following one-

referent contexts than following two-referent contexts. Conversely, reading times for 

noun-modifying PPs were shorter following two-referent contexts than following one-

referent contexts. 

Effects of nonlinguistic information on syntactic ambiguity resolution are of great 

interest to researchers because they indicate that nonlinguistic information as well as 

linguistic information is used to resolve syntactic ambiguities. However, garden path 

effects that occur in null contexts (or neutral contexts) are generally so strong that they 

cannot be overridden by effects of nonlinguistic information. Conversely, nonlinguistic 

information is particularly effective where garden path effects normally do not occur in 

null contexts. Because effects of linguistic information are generally stronger than effects 

of nonlinguistic information, it seems to be primarily important to understand why garden 

path effects occur in null contexts. 
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The illustrative examples are likely to vary in plausibility and lexical bias and hence 

likely to vary in subtle processing difficulty. If an example seems to be questionable, the 

reader should try another example of the same type. 

Considerable evidence suggests that verb classes are a major factor in syntactic 

ambiguity resolution (Gibson, 1991; Pritchett, 1988, 1992). Accordingly, some sections 

are divided into minor sections on the basis of the verb classes involved. As mentioned in 

the previous chapter, Bever (1970) originally discovered eflFects of verb class on syntactic 

ambiguity resolution. Strangely, such an important discovery seems to have been 

forgotten. Since then, a number of researchers have not controlled verb classes in their 

experiments. Apparently, the failures to control verb classes have resulted in conflicting 

experimental findings. 1 will address this problem in chapter 10. In this chapter, the 

references to experimental studies are divided into minor sections on the basis of the 

dominantly used verb classes. 

It should be noted that readers of this chapter are likely to experience effects of 

syntactic priming (^ocV^ 1986b; seeBranigan, Pickering, Liversedge, Stewart, & Urbach, 

1995; Pickering & Branigan, 1999; for a review). Syntactic priming causes people to 

repeat a previously used syntactic structure as they produce a sentence or comprehend a 

sentence. Because of syntactic priming, readers of this chapter are likely to experience 

processing difficulty as they encounter a sentence that requires a different syntactic 

structure from a previously used syntactic structure. It is important to keep in mind that 
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the reader should encounter a sentence in isolation in order to make a judgment on 

processing difficulty without bias and without favor. 

After all, it is tedious to deal with a lot of data. Although readers may skip this 

chapter, it is important to be familiar with a wide range of data. It is not unusual that a 

theory proposed to account for a narrow range of data fails completely as it is applied to 

other data. 

Pinker (1994) made a pointed remark about garden path sentences; "Garden path 

sentences, by the way, are one of the hallmarks of bad writing" (p. 213). Indeed, this 

chapter contains a number of bad writing samples, such as sentences in which commas or 

function words are missing where they ought to be. However, no matter how bad they are, 

they are useful for research purposes. M. P. Marcus (1980) gave the following 

explanation; 

To gain evidence about internal structure, one must push the mechanism until its 
performance begins to degrade; if a mechanism is a sealed black box, the only way 
to determine how a mechanism works is to determine how it begins to fail. (p. 
218) 

2.1 Local Ambiguity 

Locally ambiguous sentences are ambiguous in midsentence. Some locally 

ambiguous sentences cause garden path effects, but others do not. 

2.1.1 Verbal Ambiguity; Main Clause/Reduced Relative Clause Ambiguity 

A verb that is morphologically ambiguous between a past tense and a past 

participle (e.g., raced) can be attached as either the verb of a main clause or the verb of a 

reduced relative clause. Alternatively, such a verb can be seen as lexically ambiguous 
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between an active verb and a passive verb (see Bresnan, 1978, 1982b; Pinker, 1989). 

Considerable evidence suggests that processing di£BcuIty depends on the verb class 

(Bever, 1970; Gibson, 1991; Pritchett, 1988, 1992). 

2.1.1.1 Passive Causative Verbs 

Causative verbs are transitive verbs that have corresponding intransitive verbs 

(Levin, 1993; Pinker, 1989). Passive causative verbs cause garden path effects, as shown 

in (18) ((18a) from Sever, 1970; (18b) from Kimball, 1973; (18c)-(18d) from Britt, 

Perfetti, Garrod, & Rayner, 1992). 

(18) 

a. # The horse raced past the bam fell. 

b. # The boat floated on the water sank. 

c. # The woman rushed to the hospital had given birth safely. 

d. # The coffee spilled on the rug was difiBcult for her to conceal. 

For example, consider sentence (18a). The verb raced can be seen as three-way 

ambiguous: (a) an active intransitive verb attached as the verb of a main clause, (b) an 

active causative verb attached as the verb of a main clause, or (c) a passive causative verb 

attached as the verb of a reduced relative clause modifying the noun horse. Subsequently, 

at the PP past the bam, the verb remains ambiguous. The sentence causes a garden path 

effect because people prefer to take the verb to be an active intransitive verb attached as 

the verb of a main clause (e.g., Bever, 1970; Chomsky & Lasnik, 1977; Crain & 
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Steedman, 1985; Frazier, 1979; Gibson, 1991; Gorrell, 1995b; Kimball, 1973; Pritchett, 

1988, 1992). 

Experiments that have mostly used passive causative verbs have found no effects 

of discourse context (Britt et al., 1992; Rayner, Garrod, & Perfetti, 1992). 

2.1.1.2 Passive Transitive Verbs 

In contrast, passive transitive verbs do not cause garden path effects, as shown in 

(19) and (20) ((19a)-(19b) and (20a)-(20b) from Gibson, 1991; (19c) and (20c) from 

Pritchett, 1988; (19d) and (20d) from Frazier, 1979). 

(19) 

a. The monkeys chased out of the cage never returned. 

b. The alien examined under a microscope originated from a planet orbiting Polaris. 

c. The bird found in the store died. 

d. The boy chopped into bits was a victim of New York's latest psychopath. 

(20) 

a. The monkeys chased out of the cage a large group of rats. 

b. The alien examined under a microscope a residue from his spaceship. 

c. The bird found in the store a hundred pound sack of seed. 

d. The boy chopped into bits the headdress his sister was going to wear to the 

Halloween party. 

Consider sentences (19a) and (20a). The verb chased can be either an active 

transitive verb attached as the verb of a main clause or a passive transitive verb attached as 
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the verb of a reduced relative clause modifying the noun monkeys. Subsequently, at the PP 

out of the cage, the verb remains ambiguous because there is a possibility of a "heavy MP 

shift" (i.e., a lengthy NP is shifted to the end of the sentence). Neither of the sentences 

causes a garden path effect (Gibson, 1991; Pritchett, 1988, 1992). 

As mentioned in chapter 1, there may be unconscious processing difficulty in 

processing a reduced relative clause (as compared to an unambiguous relative clause). 

Also, there may be subtle processing difficulty in processing a heavy NP shift, which is a 

marked construction in English (Gibson, 1991). In addition, the reader may have 

experienced processing difficulty at sentence (20a) because of syntactic priming. 

Nevertheless, sentences like those in (19) and (20) are fairly easy to understand. 

Experiments that have mostly or exclusively used passive transitive verbs have 

found effects of plausibility. For example, Trueswell et al. (1994) showed that sentences 

with inanimate subjects, as in (21a), are easier to process than sentences with animate 

subjects, as in (21b) (see also MacDonald, 1994; but see Ferreira & Clifton, 1986). 

(21) 

a. The evidence examined by the lawyer turned out to be unreliable. 

b. The defendant examined by the lawyer turned out to be unreliable. 

Subtler effects of plausibility were found by Tabossi, Spivey-Knowlton, McRae, 

and Tanenhaus (1994). They showed that sentences like (22a) are easier to process than 

sentences like (22b) (see also McRae, Ferretti, & Amyote, 1997; McRae, Spivey-

Knowlton, & Tanenhaus, 1998). 
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(22) 

a. The candidate interviewed by the editor proved unfit for the job. 

b. The reporter interviewed by the editor proved unfit for the job. 

Arguably, the candidate is more likely to be interviewed than the reporter. 

Trueswell (1996) found effects of tense fi-equency. He showed that sentences with 

high-frequency past participles, as in (23a), are easier to process than sentences with low-

frequency past participles, as in (23b). 

(23) 

a. The award accepted by the man was very impressive. 

b. The room searched by the police contained the missing weapon. 

However, there is a possibility that effects of lexical frequency (i.e., active vs. 

passive) are confounded with effects of tense frequency (i.e., past tense vs. past 

participle). 

Experiments that have exclusively used passive transitive verbs have found effects 

of discourse context (Spivey & Tanenhaus, 1998; Spivey-Knowlton, Trueswell, & 

Tanenhaus, 1993; see Trueswell & Tanenhaus, 1991, for effects of past vs. future 

context). 

2.1.1.3 Passive Double Object Verbs 

A "double object" verb takes two NP complements. It may correspond to either a 

"to-dative" verb, which takes an NP complement and a to-PP complement, or a 'Jor-

dative" verb, which takes an NP complement and a for-W complement. Like passive 
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causative verbs, and unlike passive transitive verbs, passive double object verbs cause 

garden path eflfects, as shown in (24) ((24a)-(24c) from Rayner, Carlson, & Frazier, 1983; 

(24d) from Ferreira & Clifton, 1986). 

(24) 

a. # The performer sent the flowers was very pleased. 

b. # The teenager sold the car wasn't sure that it was safe. 

c. # The postman delivered the junk mail threw it in the trash. 

d. # The editor played the tape agreed the story was big. 

Consider sentence (24a). The verb sent can be seen as four-way ambiguous; (a) an 

active double object verb attached as the verb of a main clause, (b) an active /o-dative verb 

attached as the verb of a main clause, (c) a passive double object verb attached as the verb 

of a reduced relative clause modifying the noun performer, or (d) a passive /o-dative verb 

attached as the verb of a reduced relative clause. Subsequently, at the NP the flowers, the 

possibility that the verb is a passive /o-dative verb is excluded. However, the verb is still 

ambiguous. The sentence causes a garden path effect because people prefer to take the 

verb to be an active verb attached as the verb of a main clause (Frazier, 1979; Gibson, 

1991; Pritchett, 1992). 

Rayner et al. (1983) did not find effects of plausibility when they mostly used 

passive double object verbs, as in (25). 

(25) 

a. The performer sent the flowers was very pleased. 
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b. The florist sent the flowers was very pleased. 

Arguably, the performer is more likely to be sent the flowers than the florist. 

Nevertheless, Rayner et al. (1983) found no effects of plausibility. 

Similarly, Ferreira and Clifton (1986) found no efifects of discourse context when 

they mostly used passive double object verbs. 

2.1.2 Noun Phrase Ambiguity 

2.1.2.1 Main Clause Object/Complement Clause Subject Ambiguity 

2.1.2.1.1 Single Complement Verbs 

There is a class of verb that takes either an NP complement or a sentential 

complement, as shown in (26) and (27) ((27a)-(27d) from Frazier, 1979). 

(26) 

a. Sally found out the answer to the physics problem. 

b. Tom heard the latest gossip about the new neighbors. 

c. Sherlock Homes didn't suspect the beautiful young countess. 

d. The new city council argued the mayor's position. 

(27) 

a. Sally found out the answer to the physics problem was in the book. 

b. Tom heard the latest gossip about the new neighbors wasn't true. 

c. Sherlock Homes didn't suspect the beautiful young countess was a fraud. 

d. The new city council argued the mayor's position was immoral. 
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Consider sentences (26a) and (27a). The MP the answer to the pt̂ sics problem 

can be attached as either the object of the verb fowid out or the subject of a complement 

clause. Neither of the sentences causes a garden path effect (Gibson, 1991; Gorrell, 

1995b; Pritchett, 1988, 1992). 

Early experimental findings were rather inconsistent. Frazier and Rayner (1982) 

showed that sentences with sentential complements are more difficult to process than 

sentences with NP complements (see also Frazier, 1979). This finding was interpreted as 

the evidence that there is an initial preference for NP complement attachments. However, 

Holmes, Kennedy, and Murray (1987) showed that sentences with /^/-clause 

complements (i.e., unambiguous) are more difficult to process than sentences with NP 

complements. This finding indicates that the difficulty in processing sentences with 

sentential complements is due to the difficulty in processing complex sentences rather than 

an initial preference for NP complement attachments. The latter finding was not replicated 

by Rayner and Frazier (1987) but then replicated by Kennedy, Murray, Jennings, and Reid 

(1989). 

Subsequent experiments have found effects of lexical bias. Trueswell, Tanenhaus, 

and Kello (1993) used the following sentences: 

(28) 

a. The student hoped the solution was in the back of the book. 

b. The student forgot the solution was in the back of the book. 
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The verb hope is an "S-bias" verb, a verb that is more likely to take a sentential 

complement than an MP complement. Conversely, the verb forget is an "NP-bias" verb, a 

verb that is more likely to take an NP complement than a sentential complement. 

Trueswell et al. (1993) showed that sentences with S-bias verbs are easier to process than 

sentences with NP-bias verbs. In fact, they found that sentences with S-bias verbs are as 

easy to process as unambiguous control sentences (e.g.. The student hoped that the 

solution was in the back of the book, see also Gamsey, Pearhnutter, Myers, & Lotocky, 

1997; Holmes, Stowe, & Cupples, 1989; Jennings, Randall, & Tyler, 1997; Osterhout, 

Holcomb, & Swinney, 1994; Schmauder & Egan, 1998; for effects of lexical bias; but see 

Ferreira & Henderson, 1990; Kennedy et al., 1989; Kennison, 2001). 

Several experiments have found effects of plausibility. Gamsey et al. (1997) used 

the following sentences: 

(29) 

a. The senior senator regretted the reporter had ever seen the report. 

b. The senior senator regretted the decision had ever been made public. 

In sentence (29a), the NP the reporter is implausible as the object of the verb 

regretted. In sentence (29b), the NP the decision is plausible as the object of the verb 

regretted. Gamsey et al. (1997) showed that sentences with implausible objects are easier 

to process in the disambiguating region (e.g., had ever) than sentences with plausible 

objects (see also Pickering & Traxler, 1998; Pickering, Traxler, & Crocker, 2000; 

Schmauder & Egan, 1998; but see Holmes et al., 1989). 
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2.1.2.1.2 Double Complement Verbs 

There is also a class of verb that takes both an NP complement and a sentential 

complement. This class of verb causes ambiguities, as shown in (30) ((30a)-(30b) from 

Pritchett, 1992). 

(30) 

a. # Katrina warned the professor was planning a murder. 

b. # The teacher promised the students could leave. 

Consider sentence (30a). The NP the professor can be attached as either the object 

of the verb warned or the subject of a complement clause. If the NP is attached as the 

subject of a complement clause, an implicit object that refers to such an arbitrary entity as 

one, us, Qv people is postulated (see Levin, 1993). The sentence causes a garden path 

effect because people prefer to take the NP to be the object (Pritchett, 1988, 1992). 

2.1.2.2 Prepositional Phrase Object/Subordinate Clause Subject Ambiguity 

There is a class of preposition that takes either an NP complement or a sentential 

complement, as shown in (31) and (32) ((32a)-(32d) from Frazier, 1979). 

(31) 

a. Because of the blizzard the guests left before the evening meal. 

b. In good weather the children play in the street after Sunday school. 

c. Because of her sunburn Sally hasn't done anything since her vacation. 

d. In my opinion the earth was a fairly tolerable planet until the bombing of Nagasaki 

and Hiroshima. 
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(32) 

a. Because of the blizzard the guests left before the evening meal was finished. 

b. In good weather the children play in the street after Sunday school gets out. 

c. Because of her sunburn Sally hasn't done anything since her vacation ended. 

d. In my opinion the earth was a fairly tolerable planet until the bombing of Nagasaki 

and Hiroshima took place. 

Consider sentences (3 la) and (32a). The NP the evening meal can be attached as 

either the object of the preposition before or the subject of a subordinate clause. Neither 

of the sentences causes a garden path efifect (see Frazier, 1979, for experimental data). 

2.1.2.3 Coordinate Phrase Object/Coordinate Clause Subject Ambiguity 

A coordinating conjunction conjoins phrases or clauses, as shown in (33) and (34) 

((34a)-(34b) from Frazier, 1979; (34c) from Pritchett, 1992). 

(33) 

a. Mary kissed John and his brother. 

b. Rosetta painted the living room and the kitchen. 

c. I was fixing the brake and the engine. 

(34) 

a. Mary kissed John and his brother started to laugh. 

b. Rosetta painted the living room and the kitchen was painted by Robert. 

c. I was fixing the brake and the engine started. 
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Consider sentences (33a) and (34a). The NP his brother can be attached as either 

the object of the verb kissed or the subject of a coordinate clause. Neither of the sentences 

causes a garden path efifect (Pritchett, 1992; but see Frazier, 1979, for experimental data). 

2.1.2.4 Main Clause Second Object/Relative Clause Subject Ambiguity 

A class of verb that takes two NP complements (i.e., double object verbs) causes 

ambiguities, as shown in (35) ((35a)-(35d) from Frazier, 1979). 

(35) 

a. # My brother ordered the woman from Italy a spaghetti dinner had been spilled on 

accidentally a large steak and a salad. 

b. # The teacher told the children the ghost story had frightened that it wasn't true. 

c. # Steven bought the little girl the German shepherd has barked at in the pet store a 

big box of lollipops. 

d. # We gave the man the grant proposal was written by last year a copy of this 

year's proposal. 

Consider sentence (35a). The NP a spaghetti dinner can be attached as either the 

second object of the verb ordered or the subject of a relative clause modifying the noun 

woman. The sentence causes a garden path effect because people prefer to take the NP to 

be the second object (Gibson, 1991; Gorrell, 1995b; Pritchett, 1988, 1992; see Frazier, 

1979, for experimental data). 
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2.1.2.5 Subordinate Clause Object/Main Clause Subject Ambiguity 

A class of transitive verb takes an implicit object that refers to something typical of 

the object (Levin, 1993). For example, the implicit object of the verb eat refers to a meal 

or something that one typically eats. This class of verb causes ambiguities, as shown in 

(36) ((36a)-(36c) from Frazier, 1979; (36d) from Frazier & Rayner, 1982). 

(36) 

a. # After you drank the water was discovered to be polluted. 

b. # While Mary was mending the sock fell off her lap. 

c. # Though George kept on reading the story still bothered him. 

d. # Since Jay always jogs a mile seems like a short distance to him. 

Consider sentence (36a). The NP the water can be attached as either the object of 

the verb drank or the subject of a main clause. If the NP is attached as the subject of a 

main clause, an implicit object is postulated. The sentence causes a garden path effect 

because people prefer to take the NP to be the object (Gibson, 1991; Gorrell, 1995b; 

Pritchett, 1988, 1992; see Ferreira & Henderson, 1991a, 1991b, 1993; Frazier, 1979; 

Frazier & Rayner, 1982; Sturt et al., 1999; Warner & Glass, 1987; for experimental data). 

Several experiments have found effects of plausibility. Stowe (1989) used the 

following sentences; 

(37) 

a. When the police stopped the silence became very frightening. 

b. When the police stopped the driver became very frightened. 



Stowe (1989) showed that sentences with implausible objects, as in (37a), are 

easier to process in the disambiguating region (e.g., became) than sentences with plausible 

objects, as in (37b) (see also Clifton, 1993; Pickering & Traxler, 1998; Pickering et al. 

2000; see Ferreira & Henderson, 1991a, for effects of lexical bias; see Ferreira & 

McClure, 1997, for effects of "reciprocal" verbs). 

There is some question in the literature as to whether commaless sentences like 

those in (36) are grammatical (Kurtzman, 198S). I will discuss this problem at the end of 

this chapter. 

2.1.2.6 Relative Clause Subject/Main Clause Subject Ambiguity 

The previous sentences in (36) indicate that the NP at the point of syntactic 

ambiguity is attached to the preceding clause. The following sentences in (38) indicate that 

the NP at the point of syntactic ambiguity is attached to the following clause ((38a)-(38c) 

from Phillips & Gibson, 1997; (38d) from Ferreira & Henderson, 1991b). 

(38) 

a. # When the chef served the dessert the guests liked quite a lot the treaty was 

quickly settled. 

b. # When the boys discovered the canoe their dad was fixing in the garage they 

knew what they were getting for Christmas. 

c. # By the time the girls found the gifts their mother had wrapped for the party they 

were quite late. 
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d. # After the Martians invaded the town the city bordered the people were 

evacuated. 

Consider sentence (38a). The NP the guests can be attached as either the subject of 

a relative clause modifying the noun dessert or the subject of a main clause. The sentence 

causes a garden path effect because people prefer to take the NP to be the subject of a 

main clause (see Ferreira & Henderson, 1991b; Phillips & Gibson, 1997; Wamer & Glass, 

1987; for experimental data). 

2.1.3 Prepositional Phrase Ambiguity: Verb Complement/Noun Modifier Ambiguity 

A class of verb that takes an NP complement and a PP complement causes 

ambiguities, as shown in (39) ((39a)-(39c) from Gibson, 1991; (39d) from Ferreira & 

Clifton, 1986). 

(39) 

a. # I put the candy on the table into my mouth. 

b. # The cook placed the cake in the oven onto the table. 

c. # Ron gave the letter to Nancy to the postman. 

d. # Sam loaded the boxes on the cart onto the van. 

Consider sentence (39a). The PP on the table can be attached as either a 

complement of the verb put or a modifier of the noun camfy. The sentence causes a garden 

path effect because people prefer to take the PP to be a complement (Frazier, 1979; 

Gibson, 1991; Gorrell, 1995b; Pritchett, 1992; see Boland & Boehm-Jemigan, 1998, for 

experimental data). 
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Experiments that have mostly or exclusively used verbs that take PP complements 

have found no effects of discourse context (Britt, 1994; Ferreira & Clifton, 1986; Rayner 

et al., 1992) and of plausibility (Boland & Boehm-Jemigan, 1998). 

2.1.4 Clausal Ambiguity 

2.1.4.1 Complement Clause/Complement Clause Sentential Subject Ambiguity 

A class of verb that takes a sentential complement (a //taZ-clause) causes 

ambiguities, as shown in (40) ((40a)-(40c) from Gibson, 1991). 

(40) 

a. # I believe that John smokes annoys Maiy. 

b. # The populace knows that Dan is stupid is obvious. 

c. # The students thought that Rick ate a sandwich larger than his head was 

impressive. 

Consider sentence (40a). The word that is four-way ambiguous; (a) the 

complementizer of a complement clause, (b) the subject (i.e., a demonstrative pronoun) of 

a complement clause, (c) the determiner of the subject of a complement clause, or (d) the 

complementizer of the sentential subject of a complement clause. Subsequently, at the NP 

John, the words that John can be attached as either a complement clause or the sentential 

subject of a complement clause. The sentence causes a garden path effect because people 

prefer to take the words to be a complement clause (Gibson, 1991). 
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2.1.4.2 Complement Clause • Object Relative Clause • Complement Clause Sentential 

Subject • Object Relative Clause Sentential Subject Ambiguity 

A class of verb that takes an MP complement and a sentential complement (a that-

clause) causes ambiguities, as shown in (41) ((41a)-(41c) from Gibson, 1991). 

(41) 

a. # John told the man that Mary kissed that Bill saw Phil. 

b. # Dan convinced the child that the dog bit that cats are good pets. 

c. # The patient persuaded the doctor that he was having trouble with to leave. 

Consider sentence (41a). The word that following the noun man is eight-way 

ambiguous; (a) the complementizer of a complement clause, (b) the subject (i.e., a 

demonstrative pronoun) of a complement clause, (c) the determiner of the subject of a 

complement clause, (d) the complementizer of the sentential subject of a complement 

clause, (e) the complementizer of a relative clause modifying the noun man, (f) the subject 

of a relative clause, (g) the determiner of the subject of a relative clause, or (h) the 

complementizer of the sentential subject of a relative clause. Subsequently, at the NP 

Mary, the words that Mary can be attached as (a) a complement clause, (b) a relative 

clause, (c) the sentential subject of a complement clause, or (d) the sentential subject of a 

relative clause. The sentence causes a garden path effect because people prefer to take the 

words to be a complement clause (Frazier, 1979; Gibson, 1991; Gorrell, 1995b; Pritchett, 

1988, 1992). 
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In sentence (41a), the words that Mary turn out to be a relative clause, and a 

garden path effect resuks. Similarly, a garden path effect results if the words turn out to be 

the sentential subject of a complement clause, as in (42a), or the sentential subject of a 

relative clause, as in (42b). 

(42) 

a. # John told the man that Mary kissed Bill saddened Phil. 

b. # John told the man that Mary kissed Bill saddened that Anna likes him. 

Usually, garden path effects that occur in null contexts are so strong that they 

cannot be overridden by effects of discourse context. This class of syntactic ambiguity is 

exceptional. Several experiments have found effects of discourse context (Altmann, 1988; 

Altmann, Gamham, & Dennis, 1992; Altmann, Gamham, & Henstra, 1994; Grain & 

Steedman, 1985; but see Mitchell & Corley, 1994; Mitchell, Corley, & Gamham, 1992). 

2.1.4.3 Complement Clause • Subject Relative Clause • Object Relative Clause 

Ambiguity 

The previous sentences in (41) have object relative clauses. Gibson (1991) noted 

that subject relative clauses do not cause garden path effects, as shown in (43) ((43a)-

(43c) from Gibson, 1991). 

(43) 

a. John told the man that kissed Mary that Bill saw Phil. 

b. Dan convinced the child that was frightened of dogs that cats are good pets. 

c. The patient persuaded the doctor that was having trouble to leave. 
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Consider sentence (43 a). The word that following the noun man is eight-way 

ambiguous (as described in the previous section). Subsequently, at the verb kissed, the 

words that kissed can be attached as (a) a subject relative clause in which the word that is 

a complementizer, (b) an object relative clause in which the word that is the subject (i.e., a 

demonstrative pronoun), or (c) a complement clause in which the word that is the subject. 

The garden path effect does not result because people prefer to take the words to be a 

subject relative clause in which the word that is a complementizer (Gibson, 1991). 

A garden path effect results if the words that kissed turn out to be an object 

relative clause in which the word that is the subject, as in (44a), or a complement clause in 

which the word that is the subject, as in (44b). 

(44) 

a. # John told the man that kissed that Bill saw Phil. 

b. # John told the man that kissed Mary. 

2.1.4.4 Complement Clause • Relative Clause • Relative Clause Sentential Subject 

Ambiguity 

A class of noun that takes a sentential complement (a /Aa/-clause) causes 

ambiguities, as shown in (45) and (46) ((45a)-(45c) and (46a)-(46c) from Gibson, 1991). 

(45) 

a. The report that the president sent the troops into combat depressed me. 

b. The idea that Bill came up with the $10,000 seemed crazy at the time. 
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c. The belief that Tim held up the bank was persistent among many of the 

townspeople. 

(46) 

a. The report that the president sent to us helped us make the decision. 

b. The idea that Bill came up with seemed crazy at the time. 

c. The belief that Jim held kept him strong throughout his life. 

Consider sentences (45a) and (46a). The word that is five-way ambiguous; (a) the 

complementizer of a complement clause, (b) the complementizer of a relative clause 

modifying the noun report, (c) the subject (i.e., a demonstrative pronoun) of a relative 

clause, (d) the determiner of the subject of a relative clause, or (e) the complementizer of 

the sentential subject of a relative clause. Subsequently, at the NP the president, the words 

that the president can be attached as (a) a complement clause, (b) a relative clause, or (c) 

the sentential subject of a relative clause. Neither of the sentences causes a garden path 

effects (Gibson, 1991). 

A garden path effect resuhs if the words that the president turn out to be the 

sentential subject of a relative clause, as in (47). 

(47) # The report that the president sent the troops into combat influenced depressed 

me. 
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2.1.4.5 Relative Clause • Relative Clause Sentential Subject • Main Clause Sentential 

Subject Ambiguity 

A preposed phrase can be seen as an "external topic" (Foley & Van Valin, 1985). 

7%a/-clauses following external topics cause ambiguities, as shown in (48) ((48b) from 

Pritchett, 1992). 

(48) 

a. # Without the man that Anna married was unknown to us. 

b. # Without the scorecard that he lost remained unknown. 

Consider sentence (48a). The word that is seven-way ambiguous; (a) the 

complementizer of a relative clause modifying the noun man, (b) the subject (i.e., a 

demonstrative pronoun) of a relative clause, (c) the determiner of the subject of a relative 

clause, (d) the complementizer of the sentential subject of a relative clause, (e) the subject 

of a main clause, (f) the determiner of the subject of a main clause, or (g) the 

complementizer of the sentential subject of a main clause. Subsequently, at the NP Anna, 

the words that Anna can be attached as (a) a relative clause, (b) the sentential subject of a 

relative clause, or (c) the sentential subject of a main clause. The sentence causes a garden 

path effect because people prefer to take the words to be a relative clause (Pritchett, 

1992). 

In sentence (48a), the words that Anna turn out to be the sentential subject of a 

main clause, and a garden path effect results. Similarly, a garden path effect results if the 

words turn out to be the sentential subject of a relative clause, as in (49). 
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(49) # Without the man that Anna married saddened so much her marriage was 

unknown to us. 

2.1.5 Nominal Ambiguity 

2.1.5.1 Main Clause Subject/Relative Clause Subject Ambiguity 

A compound noun consists of a "head" noun and a modifier (Selkirk, 1982). For 

example, garden path is a compound noun that refers to a kind of path. The head noun is 

path, and the modifier is garden. A sequence of nouns at the beginning of a sentence 

causes ambiguities, as shown in (50) ((50a) from M. P. Marcus, 1980; (SOb) fi'om Gibson, 

1991). 

(50) 

a. # The cotton clothing is made of grows in Mississippi. 

b. # The Russian women loved died. 

Consider sentence (50a). The words the cotton clothing can be either (a) the 

compound NP the cotton clothing attached as the subject of a main clause or (b) the NP 

the cotton attached as the subject of a main clause and the NP clothing attached as the 

subject of a relative clause modifying the noun cotton. The sentence causes a garden path 

effect because people prefer to take the words to be the compound NP the cotton clothing 

attached as the subject of a main clause (Gibson, 1991; M. P. Marcus, 1980; Pritchett, 

1988, 1992). 
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Gibson (1991) noted that a garden path effect does not occur if the compound 

noun interpretation is implausible. He gave the following example (see Kurtzman, 1985, 

for experimental data); 

(51) The cigarette teenagers smoke most is Camel. 

2.1.5.2 Main Clause Object/Complement Clause Subject Ambiguity 

A sequence of nouns following a verb that takes an NP complement and a 

sentential complement causes ambiguities, as shown in (52) ((52a)-(52b) from Gibson, 

1991). 

(52) 

a. # I convinced her children are noisy. 

b. # I told the department committees will be formed next month. 

Consider sentence (52a). The words her children can be either (a) the NP her 

children attached as the object of the verb convinced or (b) the NP her attached as the 

object of the verb convinced and the NP children attached as the subject of a complement 

clause. The sentence causes a garden path effect because people prefer to take the words 

to be the object of the verb (Gibson, 1991; Pritchett, 1988, 1992). 

2.1.5.3 First Object/Second Object Ambiguity 

Whereas a sequence of nouns following a verb that takes an NP complement and a 

sentential complement causes garden path effects, a sequence of nouns following a verb 

that takes two NP complements does not cause garden path effects, as shown in (53) and 

(54) ((53a) and (54a) from Gibson, 1991). 
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(53) 

a. I gave her earrings to Sally. 

b. I gave the dog food to Fido. 

(54) 

a. I gave her earrings on her birthday. 

b. I gave the dog food an hour ago. 

Consider sentences (53a) and (54a). The words her earrings can be either (a) the 

NP her earrings attached as the object of the verb gave or (b) the NP her attached as the 

first object of the verb gave and the NP earrings attached as the second object. Neither of 

the sentences causes a garden path effect (Gibson, 1991; Gorrell, 1995b; Pritchett, 1992). 

2.1.5.4 Prepositional Phrase Object/Main Clause Subject Ambiguity 

A sequence of nouns between an external topic and a main clause causes 

ambiguities, as shown in (55) ((55a)-(55b) from Frazier, 1979). 

(55) 

a. # Without her contributions would be very inadequate. 

b. # Because of the new monster movies will never be the same. 

Consider sentence (55a). The words her contributions can be either (a) the NP her 

contributions attached as the object of the preposition without or (b) the NP her attached 

as the object of the preposition without and the NP contributions attached as the subject 

of a main clause. The sentence causes a garden path effect because people prefer to take 
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the words to be the object of the preposition (Gibson, 1991; Gorrell, 1995b; Pritchett, 

1988, 1992; see Frazier, 1979, for experimental data). 

2.1.6 Categorical Ambiguity 

2.1.6.1 Noun/Verb Ambiguity 

Noun-verb homographs do not cause garden path efifects in sentences like those in 

(56) and (57) ((56a)-(56d) and (57a)-(57d) from Frazier & Rayner, 1987). 

(56) 

a. The local newspaper reported that the warehouse fires harm some employees each 

year. 

b. I know that the desert trains are especially tough on young people. 

c. Some of us weren't aware that the church pardons are difficult to obtain. 

d. Mary thinks that the pants suit is very pretty. 

(57) 

a. The local newspaper reported that the warehouse fires numerous employees each 

year. 

b. I know that the desert trains young people to be especially tough. 

c. Some of us weren't aware that the church pardons very few people. 

d. Mary thinks that the pants suit me very well. 

Consider sentences (56a) and (57a). The word fires can be either a noun (attached 

as the head noun of the compound noun warehouse fires) or a verb. Neither of the 

sentences causes a garden path effect (Gibson, 1991; Pritchett, 1992; see Frazier & 
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Rayner, 1987, for experimental data; see MacDonald, 1993; Mibe, 1982; for effects of 

plausibility; see MacDonald, 1993, for effects of lexical bias). 

However, noun-verb homographs do cause garden path effects in sentences like 

(S8b) and (58d) ((58aH58d) from Mibie, 1982). 

(58) 

a. The building blocks the sun. 

b. # The building blocks the sun faded are red. 

c. The building blocks the sun shining on the house. 

d. # The building blocks the sun shining on the house faded are red. 

In each of the sentences in (58), the word blocks can be either a noun (attached as 

the head noun of the compound noun building blocks) or a verb. Sentences (58b) and 

(58d) cause garden path effects because people prefer to take the word to a verb when it 

is followed by an MP (Gibson, 1991; Pritchett, 1992). 

2.1.6.2 Noun/Modal Verb Ambiguity 

Noun-modal homographs do not cause garden path effects in sentences like those 

in (59) and (60) ((59a)-(59c) and (60a)-(60c) from Frazier & Rayner, 1987). 

(59) 

a. In my opinion, the military might of that country is very dangerous. 

b. As I understand it, the official will did not leave any money to the philanthropist's 

son. 

c. Everyone agrees that the trash can smells awfril. 
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(60) 

a. In my opinion, the military might be very dangerous in that country. 

b. As I understand it, the official will make sure that no money goes to the 

philanthropist's son. 

c. Everyone agrees that the trash can smell awful. 

Consider sentences (59a) and (60a). The word might can be either a noun or a 

modal verb. Neither of the sentences causes a garden path effect (Gibson, 1991; see 

Frazier & Rayner, 1987, for experimental data). 

2.1.6.3 Auxiliary Verb/Main Verb Ambiguity 

2.1.6.3.1 The Verb Be: Verb Complement/Noun Modifier Ambiguity 

The verb be is ambiguous between an auxiliary verb and a main verb. It causes 

ambiguities, as shown in (61) and (62) ((61a) and (62a) fi-om M. P. Marcus, 1980). 

(61) 

a. Is the block sitting in the box? 

b. Is the block placed in the box? 

c. Is the block in the box? 

(62) 

a. Is the block sitting in the box red? 

b. Is the block placed in the box red? 

c. Is the block in the box red? 
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Consider sentences (61a) and (62a). The verb is can be either an auxiliary verb or a 

main verb. Subsequently, the words sitting in the box can be attached as either a 

complement of the auxiliary verb is or a reduced relative clause modifying the noun block. 

Neither of the sentences causes a garden path effect (Gibson, 1991; M. P. Marcus, 1980). 

Similarly, in sentences (61b) and (62b), the words placed in the box can be 

attached as either a complement of the auxiliary verb is or a reduced relative clause 

modifying the noun block. In sentences (61c) and (62c), the PP in the box can be attached 

as either a complement of the main verb is or a modifier of the noun block. None of the 

sentences cause garden path effects (see Gibson, 1991, for data like (61c) and (62c)). 

2.1.6.3.2 The Verb Have: Perfective/Periphrastic Causative Ambiguity 

Like the verb be, the verb have is ambiguous between an auxiliary verb and a main 

verb. It causes ambiguities, as shown in (63) and (64) ((63a)-(63b) and (64a)-(64b) from 

M. P. Marcus, 1980). 

(63) 

a. Have the boys taken the exam today? 

b. Have the boys done it yet? 

(64) 

a. Have the boys take the exam today. 

b. Have the boys do it. 

Consider sentences (63 a) and (64a). The verb have can be either an auxiliary verb 

or a main verb. Subsequently, the words have the boys can be attached as either the 
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perfective construction, as in (63a), or the "periphrastic causative" construction, as in 

(64a). Neither of the sentences causes a garden path effect (Gibson, 1991; M. P. Marcus, 

1980; Pritchett, 1992). 

However, sentences like (6Sb) do cause garden path effects ((65a)-(65b) from M. 

P. Marcus, 1980). 

(65) 

a. Have the soldiers given their medals to their sweethearts? 

b. # Have the soldiers given their medals by their sweethearts. 

In each of the sentences in (65), the words have the soldiers given their medals 

can be attached as either the perfective construction or the periphrastic causative 

construction. Sentence (65b) causes a garden path effect because people prefer to take the 

words to be the perfective construction (Gibson, 1991; M. P. Marcus, 1980; Pritchett, 

1992). 

2.1.6.4 The Word That: Pronoun • Determiner • Complementizer Ambiguity 

2.1.6.4.1 At the Beginning of a Sentence 

At the beginning of a sentence, the word that causes ambiguities, as shown in (66). 

(66) 

a. That will do. 

b. That boy will do it. 

c. That boys will do it is a bad idea. 
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In each of the sentences in (66), the word tluit can be attached as (a) the subject 

(i.e., a demonstrative pronoun) of a main clause, (b) the determiner of the subject of a 

main clause, or (c) the complementizer of the sentential subject of a main clause. None of 

the sentences cause garden path effects. 

However, sentences like those in (67) do cause garden path effects ((67a) from 

MUne, 1986; (67b) from Gibson, 1991). 

(67) 

a. # That deer ate everything in my garden surprised me. 

b. # That coffee tastes terrible surprised John. 

Consider sentence (67a). The words that deer can be attached as either (a) the 

subject of a main clause in which the word that is a determiner or (b) the sentential subject 

of a main clause in which the word that is a complementizer. The words remain 

ambiguous until the verb surprised appears. The sentence causes a garden path effect 

because people prefer to take the words to be the subject of a main clause in which the 

word that is a determiner (Gibson, 1991; Milne, 1986; Pritchett, 1992; see Tabor, Juliano, 

& Tanenhaus, 1997, for effects of contingent frequency). 

2.1.6.4.2 After a Verb 

After a verb that takes either an NP complement or a sentential complement (a 

/Aa/-clause), the word that causes ambiguities, as shown in (68). 

(68) 

a. I know that. 



b. I know that will do. 

c. I know that boy will do it. 

d. I know that boys will do it. 

In each of the sentences in (68), the word that can be attached as (a) the object 

(i.e., a demonstrative pronoun) of the verb know, (b) the subject (i.e., a demonstrative 

pronoun) of a complement clause, (c) the determiner of the subject of a complement 

clause, or (d) the complementizer of a complement clause. None of the sentences cause 

garden path effects (Gibson, 1991; but see Tabor et al., 1997, for effects of contingent 

frequency). 

2.2 Global Ambiguity 

A globally ambiguous sentence is compatible with more than one granmiatical 

structure at the end of it. Most globally ambiguous sentences are interpreted one way or 

the other, but there are puns that give people multiple simultaneous interpretations. 

2.2.1 Prepositional Phrase Ambiguity: Verb Modifier/Noun Modifier Ambiguity 

Consider the sentences in (69) and (70) ((69a) and (70a) from Rayner et al., 1983; 

(69b) and (70b) from Altmann & Steedman, 1988; (69c) and (70c) from Taraban & 

McClelland, 1988). 

(69) 

a. The spy saw the cop with binoculars but the cop didn't see him. 

b. The burglar blew open the safe with the dynamite and made off with the loot. 
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c. The reporter exposed corruption in the article even though he risked making many 

enemies. 

(70) 

a. The spy saw the cop with a revolver but the cop didn't see him. 

b. The burglar blew open the safe with the new lock and made ofif with the loot. 

c. The reporter exposed corruption in the government even though he risked making 

many enemies. 

For example, in sentence (69a), the PP with binoculars can be attached as either a 

modifier of the verb saw or a modifier of the noun cop. Similarly, in sentence (70a), the PP 

with a revolver can be attached as either a modifier of the verb saw or a modifier of the 

noun cop. People generally prefer a plausible interpretation to an implausible interpretation 

(see Taraban & McClelland, 1988, 1990, for experimental data; but see Rayner et al., 

1983). 

The main verbs in the sentences in (69) and (70) do not take PP complements. 

Experiments that have used verbs that do not take PP complements have found effects of 

discourse context (Altmann & Steedman, 1988; Britt et al., 1992; but see Clifton & 

Ferreira, 1989; see also Steedman & Altmann, 1989, for discussion; see Spivey-Knowlton 

& Sedivy, 1995, for effects of definiteness and of "action" vs. "psych" and "perception" 

verbs). 
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2.2.2 Adverbial Ambiguity; Main Clause Verb Modifier/Complement Clause Verb 

Modifier Ambiguity 

Consider the complex sentences in (71) ((71a) fi-om Kimball, 1975; (71b) fi-om 

Wanner, 1980). 

(71) 

a. Tom said that Bill had taken the cleaning out yesterday. 

b. Tom said that Bill died yesterday. 

For example, in sentence (71a), the yesterdc  ̂can be attached as either a 

modifier of the complement clause verb had or a modifier of the main clause verb said. 

People prefer to take the adverb to be a modifier of the complement clause verb (e.g.. 

Church, 1982; Cowper, 1976; J. D. Fodor & Frazier, 1980; Ford, Bresnan, & Kaplan, 

1982; Frazier, 1979; Frazier & Clifton, 1996; Frazier & J. D. Fodor, 1978; Gibson, 1991, 

1998; KimbaU, 1973, 1975; Milsark, 1983; Wanner, 1980, 1988; see Pearlmutter & 

Gibson, 2001, for experimental data). 

Wanner (1980, 1988) noted that a preference for complement clause verb modifier 

attachments is not affected by the length of the complement clause, as shown in (71a) and 

(71b). 

2.2.3 Puns 

There is a class of verb that takes either an NP complement or both an NP 

complement and an adjectival phrase (AP) complement. This class of syntactic ambiguity 

causes pun effects, as shown in (72) ((72a) from Norvig, 1988). 
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(72) 

a. She criticized his apartment, so he knocked her flat. 

b. Seven days without water make one weak (week). 

Consider sentence (72a). The words her flat can be either (a) the MP her flat 

attached as the object of the verb knocked or (b) the NP her and the AP flat attached as 

complements of iche verb knocked (i.e., the "resuhative" construction). Interestingly, the 

sentence causes a pun effect (Gibson, 1991; Norvig, 1988; see Boland, 1997, for efifects of 

discourse context and of lexical bias). 

2.3 Grammar and Punctuation 

There is some question in the literature as to whether commaless sentences are 

grammatical. I will devote this final section to discussing this problem. 

Commaless sentences are commonly used by researchers. For example, Frazier 

(1979) used the following sentences; 

(73) 

a. # While Mary was mending the sock fell off her lap. 

b. # Without her contributions would be very inadequate. 

The sentences in (73) lack commas. With commas, they do not cause garden path 

effects, as shown in (74). 

(74) 

a. While Mary was mending, the sock fell ofif her lap. 

b. Without her, contributions would be very inadequate. 
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Kurtzman (198S) suggested that commaless sentences are "not fully grammatical" 

(p. 160). He was particularly concerned about the methodological problem. He noted that 

"the absence of commas may have created sufficient confusion to cause subjects to 

sometimes engage in special strategies in making their responses" (Kurtzman, 1985, p. 

160). 

However, it is likely that the absence of commas creates confusion because a 

normal parsing strategy fails to work. Hence, commaless sentences can be useful for 

understanding the human sentence processing mechanism. It is also important to note that 

not all commaless sentences are unacceptable (Gibson, 1991; Pritchett, 1992). For 

example, Pritchett (1992) showed that sentence (75), which is similar to sentence (73a), is 

acceptable even without a comma. 

(75) After Mary drank she fell oflf the stool. 

In fact, sentence (75) is syntactically unambiguous because the nominative 

pronoun she cannot be the object of the verb drank. 

A determiner can also be used to separate a word from the preceding word. 

Consider the following sentence; 

(76) Without her the contributions would be very inadequate. 

In sentence (76), the noun contributions is separated from the preceding pronoun 

her by the determiner the. Evidently, the sentence is acceptable even without a comma. 
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In fact, commaless sentences are not uncommon. It is not difiBcult to find 

conunaless sentences. For example. The Great Gatsby (Fitzgerald, 1925) begins with a 

commaless sentence; 

(77) In my younger and more vulnerable years my father gave me some advice that I've 

been turning over in my mind ever since. 

I also effortlessly found the following sentence on page 2 of The Catcher in the 

(Salinger, 1951); 

(78) Since 1888 we have been molding boys into splendid, clear-thinking young men. 

Actually, sentence (78) has a comma between splendid and clear-thinking, but it 

lacks a comma between 1888 and we, where a comma is ought to be. 

Thus, not all commaless sentences are unacceptable. Grammar should not rule out 

commaless sentences that are acceptable. 

Finally, it is important to distinguish prescriptive grammar fi-om mental grammar. 

Although prescriptive grammar requires that commas be used properly, it is independent 

of mental grammar. All humans possess mental grammar, but not everyone is a master of 

prescriptive grammar. However, it is conceivable that all written sentences are not fully 

grammatical because they lack prosody. Even though punctuation is a device for 

compensating for the lack of prosody, it is obviously inadequate for representing prosody. 

Nevertheless, not all commaless sentences are unacceptable. This fact calls for an 

explanation. 
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There is a possibility that the knowledge about prescriptive grammar accounts for 

the garden path effects in conunaless sentences. Kurtzman (1985) suggested that people 

interpret the absence of a comma at a potential structural boundary as the evidence that 

the boundary is not actual. Although this proposal seems reasonable, it has problems. 

First, it cannot account for the garden path effects in sentences like (38a), repeated below 

as (79). 

(79) # When the chef served the dessert the guests liked quite a lot the treaty was 

quickly settled. 

In sentence (79), a potential structural boundary lies between the NP the dessert 

and the NP the guests. If people interpret the absence of a comma at this point as the 

evidence that the subordinate clause will continue, they should take the NP the guests to 

be the subject of a relative clause modifying the noun dessert. However, people actually 

prefer to take the NP to be the subject of a main clause. Hence, a garden path effect 

resuhs. 

Kurtzman's (1985) proposal is also inadequate for accounting for the garden path 

effects in sentences like (80) (from Wanner, 1988). 

(80) # The man who hunts ducks out before dawn. 

In sentence (80), the word ducks can be either a noun or a verb. If it is a noun, it 

can be attached as the object of the verb hunts. If it is a verb, then it can be attached as the 

verb of the main clause. People prefer to take it to be a noun attached as the object of the 

verb hunts. Hence, a garden path effect results. This example is particularly interesting 
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because commas camiot be used at the boundaries between the restrictive relative clause 

and the main clause. Because commas cannot be used, the absence of commas cannot be 

the cause of the garden path effect. 

Although I do not assume that people interpret the absence of a comma at a 

potential structural boundary as the evidence that the preceding clause will continue, I 

assume that people interpret the absence of a period (which is obligatory, not optional) as 

the evidence that the sentence will continue. In chapter 12,1 will explain that readers of 

Japanese, a verb-final language, infer that a verb without a period is not a main clause verb 

but an embedded clause verb because a main clause verb must have a period attached to it. 

In my opinion, garden path sentences in general and commaless sentences in 

particular are simply bad writings. But they are good for research purposes. Hoping to 

defend this methodology, I quoted M. P. Marcus (1980) at the beginning of this chapter. 
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3 PREVIOUS WORK 

An adequate theory of syntactic ambiguity resolution must explain the data 

presented in the previous chapter. In this chapter, I will review nine theories. They are 

classified into four kinds. First, Bever (1970) originally developed a theory of clausal 

analysis. Bever argued that the human sentence processing mechanism—namely, the 

parser—takes a certain word sequence to be a main clause. This theory implies that the 

parser resolves a syntactic ambiguity in favor of a simplex clause rather than a more 

complex structure. Chomsky and Lasnik (1977) proposed a similar theory. Second, M. P. 

Marcus (1980) proposed a theory of delay parsing. M. P. Marcus argued that the parser 

delays building a structure at the point of syntactic ambiguity and resolves the ambiguity 

while holding a limited number of constituents. Third, Frazier (1979), Pritchett (1992), 

and Gorrell (1995b) proposed theories of serial parsing. Although they disagreed about 

the details, they essentially agreed that the parser resolves a syntactic ambiguity in favor of 

one structure. If the initial structure turns out to be wrong, the parser reanalyzes the 

sentence. Fourth, Grain and Steedman (198S), Gibson (1991), and MacDonald, 

Pearlmutter, and Seidenberg (1994a) proposed theories oiparallel parsing. They argued 

that the parser builds multiple structures at the point of syntactic ambiguity and favors one 

structure over the other either immediately or subsequently. I will review these theories in 

this order, which is mostly chronological. 

This chapter is rather lengthy. I should explain why I need to discuss as many as 

nine theories. The study of language comprehension is the field brimming with conflicting 
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theories. Researchers naturally advocate their own theories while striving to prove that the 

others are wrong. But the fact is that some of their theories are not mutually exclusive. 

Rather, they are complementary to each other. In the final section, I will outline my 

proposal, which is an attempt to integrate a variety of theories into a coherent framework. 

3.1 Clausal Analysis 

Clausal analysis was developed in the 1960s, the early period in the histoiy of 

psycholinguistics (see J. A. Fodor, Bever, & Garrett, 1974, for a review). Basically, it was 

the idea that complex sentences are processed clause by clause. The idea was bom when 

researchers found the evidence that listeners segment complex sentences into clauses (e.g., 

J. A. Fodor & Bever, 1965; Garrett, Bever, & J. A. Fodor, 1966). It was an interesting 

finding because it indicated that there is a relationship between grammar and processing. 

Although a clause is a formal linguistic unit, it actually functions as a perceptual unit. 

Subsequent studies produced additional evidence for clausal analysis. In one study, 

Jarvella (1970) asked the participants to listen to passages interrupted by pauses. A pause 

occurred either four words after a clausal boundary, as in a long table while the pretty 

woman, or seven words after a clausal boundary, as in a young girl sat on the floor. The 

participants were asked to write down the last seven words before a pause. Jarvella found 

that words fi'om immediate clauses were recalled better than those fi'om previous clauses. 

This finding indicates that words are dismissed from immediate memory at the end of a 

clause. 
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In another study, Caplan (1972) asked the participants to listen to sentences like 

those in (81). 

(81) 

a. Now that artists are working in oil, prints are rare. 

b. Now that artists are working fewer hours, oil prints are rare. 

After hearing a sentence, the participants were presented with a probe word (e.g., 

oil) auditorily in one experiment and visually in the other experiment. They were asked to 

judge as quickly as possible whether it had appeared in the sentence. Crucially, the probe 

word had appeared in the previous clause in one sentence but in the immediate clause in 

the other. Caplan (1972) found that probe words from immediate clauses were recognized 

faster than those from previous clauses. This finding is consistent with the view that words 

are dismissed from immediate memory at the end of a clause. 

Several researchers (Cowper, 1976; Gibson, 1998; Milsark, 1983) have noted that 

clausal analysis accounts for the preferred interpretations in sentences like (82). 

(82) Tom said that Bill left yesterday. 

In sentence (82), the yesterday can be attached as either a modifier of the 

complement clause verb left or a modifier of the main clause verb said. However, clausal 

analysis predicts that the adverb must be attached as a modifier of the complement clause 

verb because the main clause is dismissed from immediate memory as the complement 

clause begins. 
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Thus, there was considerable evidence for clausal analysis. However, the question 

was how the parser implements clausal analysis. 

3.1.1 Bever's Strategy B 

Bever (1970) originally developed a theory of clausal analysis. He proposed a 

dozen of parsing strategies: Strategies A to L. The first two strategies were the main 

strategies for clausal analysis. They are one of the first theories of syntactic ambiguity 

resolution. 

Bever (1970) described Strategy A as a strategy of speech perception: 

(83) Segment together any sequence X... Y, in which the members could be related by 

primary internal structural relations, "actor action object.... modifier." (Bever, 

1970, p. 290) 

The second strategy was Strategy B: 

(84) The first N ... V ... (N) ... clause (isolated by Strategy A) is the main clause, unless 

the verb is marked as subordinate. (Bever, 1970, p. 294) 

Bever (1970) considered the parsing strategies to be "generalizations which are not 

necessarily always true" (p. 294). Bever argued that "there are exceptions to every 

strategy—the validity of each strategy is that it holds for most of the cases" (Bever, 1970, 

p. 294). In fact, Frazier (1979) noted that Strategy A is inadequate for applying to all 

sentences in natural languages because not all sentences describe actions. There are 

sentences that describe states. Here I assume that Strategies A and B apply to all 
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sentences. I also assume that they apply to not only spoken sentences but also written 

sentences. 

Bever (1970) showed that Strategy B accounts for the garden path effect in the 

following sentence: 

(85) # The editor authors the newspaper hired liked laughed. 

Sentence (85) is a doubly center-embedded sentence that consists of three clauses; 

The newspaper hired authors, the authors liked the editor, and the editor laughed. 

However, the word authors can be either a noun or a verb, and the words the editor 

authors the newspaper can be an NVN sequence. Strategy B predicts that the parser takes 

them to be a main clause. A garden path effect resuhs because they turn out not to be a 

main clause. 

Bever (1970) also showed that Strategy B accounts for the garden path effect in 

the following sentence; 

(86) # The horse raced past the bam fell. 

The words the horse raced are an NV(N) sequence, and the verb is not marked as 

subordinate. Strategy B predicts that the parser takes them to be a main clause. A garden 

path effect results because they turn out not to be a main clause. 

A few garden path sentences were known at that time. In retrospect, it could have 

been demonstrated that Strategy B also predicts the garden path effects in sentences like 

(87). 

(87) # The performer sent the flowers was very pleased. 
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The words the performer sent the flowers are an NVN sequence that can be 

mistaken for a main clause. 

Essentially, Strategy B predicts that a garden path effect results if an NV(N) 

sequence does not constitute a main clause, and if the verb is not marked as subordinate. 

This prediction cannot be supported (Gibson, 1991; Pritchett, 1992). A garden path effect 

does not necessarily result even if an NV(N) sequence does not constitute a main clause, 

and if the verb is not marked as subordinate. For example, consider the following 

sentences; 

(88) 

a. The horse sent past the bam fell. 

b. Sally found out the answer was in the book. 

In sentence (88a), the words the horse sent are an NV(N) sequence, and the verb 

sent is not marked as subordinate. Strategy B predicts that the parser takes them to be a 

main clause. Although they turn out not to be a main clause, a garden path effect does not 

result. Similarly, in sentence (88b), the words Sally found out the answer are an NVN 

sequence that can be mistaken for a main clause. Nevertheless, a garden path effect does 

not resuh. 

Bever (1970) was aware that sentence (88a) is acceptable. In fact, he discovered it. 

He also discovered that sentence (86) is unacceptable. Bever noted that the two sentences 

have different classes of verbs. The verb race can be either an intransitive verb or a 

causative verb, whereas the verb send is purely a transitive verb. Bever suggested that the 
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fact that the verb can be used alternatively "facilitates the incorrect assumption that 

'horse' is the subject of'raced' as a main verb" (Bever, 1970, p. 316). However, it is 

unclear why the lexical ambiguity facilitates the incorrect assumption. 

Whereas Strategy B incorrectly predicts garden path effects in sentences like those 

in (88), it fails to predict the garden path effects in sentences like those in (89) (Gibson, 

l991;Pritchett, 1992). 

(89) 

a. # My brother ordered the woman from Italy a spaghetti dinner had been spilled on 

accidentally a large steak and a salad. 

b. # I put the candy on the table into my mouth. 

c. # John told the man that Mary kissed that Bill saw Phil. 

Consider sentence (89a). The verb ordered takes two MP complements, and the 

MP a spaghetti dinner can be attached as either the second object of the verb ordered or 

the subject of a relative clause modifying the noun woman. Strategy B cannot apply here 

because the syntactic ambiguity arises after the initial NVN sequence. However, a garden 

path effect results. Similarly, each of the garden path effects in sentences (89b) and (89c) 

cannot be predicted by Strategy B. Sentences like those in (89) indicate that a garden path 

effect can result from a misinterpretation at the second of two complements. Strategy B 

cannot predict this class of garden path effect because an NVN sequence is too small a 

unit to account for it. 



3.1.2 Chomsky and Lasnik's Reasonable Perceptual Strategy 

Chomsky and Lasnik (1977) proposed another perceptual strategy called a 

reasonable perceptual strategy. 

(90) In analyzing a construction C, given a structure that can stand as an independent 

clause, take it to be a main clause of C. (Chomsky & Lasnik, 1977, p. 436) 

Chomsl^r and Lasnik (1977) described the reasonable perceptual strategy as a 

"filter" for ruling out sentences that are perceived as ungrammatical. They gave the 

following examples; 

(91) 

a. *He left is surprising. 

b. I think he left. 

c. The man he met is my friend. 

d. *The man was here is my friend. 

e. I am glad you were able to come. 

Chomsky and Lasnik (1977) assumed that a simple and general rule of grammar 

can delete a complementizer freely. However, such a rule cannot explain why sentences 

like (91a) and (9Id) are perceived as ungrammatical (as denoted by *). Chomsky and 

Lasnik argued that they are ruled out by the reasonable perceptual strategy. For example, 

in sentence (91a), the words he left can stand as an independent clause. The reasonable 

perceptual strategy predicts that the parser takes them to be a main clause. The sentence is 
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perceived as ungranunatical (rather, unacceptable in Chomsky and Lasnik's view) because 

they turn out not to be a main clause. 

Chomsky and Lasnik (1977) noted that the reasonable perceptual strategy 

accounts for the garden path effect in the well-known sentence; 

(92) # The horse raced past the bam fell. 

The words the horse raced past the bam can stand as an independent clause and 

hence can be taken to be a main clause. A garden path effect results because they turn out 

not to be a main clause. 

The reasonable perceptual strategy does not seem to have received attention that it 

deserves. A reexamination of the reasonable perceptual strategy reveals that it was 

remarkably successfiil. First, it accounts for the absence of garden path effects in sentences 

like those in (93). 

(93) 

a. The monkeys chased out of the cage never returned. 

b. The monkeys chased out of the cage a large group of rats 

Each of the sentences in (93) begins with the words the monkeys chased out of the 

cage. They cannot stand as an independent clause and hence cannot be taken to be a main 

clause. Accordingly, neither of the sentences causes a garden path effect. 

Remarkably, the reasonable perceptual strategy can explain the difference in 

processing difficulty between sentences (92) and (93a). In sentence (92), the words the 

horse raced past the bam can stand as an independent clause because the verb raced can 
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be taken to be an intransitive verb (rather than a causative verb). In sentence (93a), the 

words the monkeys chased out of the cage cannot stand as an independent clause because 

the transitive verb chased still needs an NP complement. 

Until today, a few theories have succeeded in explaining the difference in 

processing di£Bculty between sentences (92) and (93 a). To my knowledge, the reasonable 

perceptual strategy was the first to explain it. (Chomsky and Lasnik were probably 

unaware of this fact.) The reasonable perceptual strategy was also one of the first to make 

use of lexical information. It was characteristic of the reasonable perceptual strategy to 

use an independent clause as the unit of parsing. Unlike a fixed word sequence, an 

independent clause is flexible. Independent clauses vary in the number and types of 

complements depending on the lexical requirement of the verb. 

Because of the use of lexical information, the reasonable perceptual strategy 

accounts for the garden path effects in sentences like those in (94). 

(94) 

a. # My brother ordered the woman from Italy a spaghetti dinner had been spilled on 

accidentally a large steak and a salad. 

b. # I put the candy on the table into my mouth. 

Consider sentence (94a). The verb ordered takes two complements, and the words 

my brother ordered the woman from Italy a spaghetti dinner can stand as an independent 

clause. A garden path effect results because they turn out not to be a main clause. 

Similarly, in sentence (94b), the verb put takes two complements, and the words I put the 
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carufy on the table can stand as an independent clause. A garden path efifect results 

because they turn out not to be an entire main clause. 

Moreover, the reasonable perceptual strategy accounts for the absence of garden 

path effects in sentences like those in (95). 

(95) 

a. The report that the president sent the troops into combat depressed me. 

b. The report that the president sent to us helped us make decision. 

Consider sentence (95a). The words the report that the president sent the troops 

into combat cannot stand as an independent clause. Similarly, in sentence (95b), the words 

the report that the president sent to us cannot stand as an independent clause. 

Accordingly, neither of the sentences causes a garden path effect. 

Furthemiore, the reasonable perceptual strategy successfully applies to 

categorically ambiguous sentences like those in (96). 

(96) 

a. The warehouse fires harm some employees each year. 

b. The warehouse fires numerous employees each year. 

c. The building blocks the sun. 

d. # The building blocks the sun faded are red. 

e. The building blocks the sun shining on the house. 

f # The building blocks the sun shining on the house faded are red. 

g # That deer ate everything in my garden surprised me. 
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h. # The editor authors the newspaper hired liked laughed. 

Consider sentences (96a) and (96b). Each of the sentences begins with the words 

the warehouse fires. They cannot stand as an independent clause, and a garden path efifect 

does not result. In contrast, consider sentences (96c)-(96f). Each of the four sentences 

begins with the words the building blocks the sun. They can stand as an independent 

clause, and a garden path effect results if they turn out not to be a main clause, as in (96d) 

and (96f). Similarly, in sentence (96g), the words that deer ate everything can stand as an 

independent clause, and a garden path effect results. Finally, in sentence (96h), the words 

the editor authors the newspaper can stand as an independent clause, and a garden path 

effect results. 

However, the reasonable perceptual strategy has two major problems. First, a 

garden path effect does not necessarily result even if words can stand as an independent 

clause, as shown in (97). 

(97) 

a. I gave her earring to Sally. 

b. Is the block sitting in the box red? 

c. Is the block placed in the box red? 

d. Is the block in the box red? 

Consider sentence (97a). The words / gave her earrings can stand as an 

independent clause. Although they turn out not to be an entire main clause, a garden path 

effect does not result. Similarly, each of sentences (97b)-(97d) begins with words that can 



stand as an independent clause; is the block sitting in the box in (97b), is the block placed 

in the box in (97c), and is the block in the box in (97d). Nevertheless, none of the 

sentences cause garden path eflfects. 

By the way, it is interesting to note that sentences (97b)-(97d) pose problems for 

all the theories reviewed in this chapter. Apparently, they have been overlooked by most 

researchers. 

The second problem with the reasonable perceptual strategy is that a garden path 

effect occurs in the middle of an independent clause. Consider the following sentence; 

(98) # The performer sent the flowers was very pleased. 

The words the performer sent the flowers cannot stand as an independent clause 

because the verb sent still needs a second complement. In fact, it is still uncertain to whom 

the performer sent the flowers. Nevertheless, a garden path effect results. Sentences like 

(98) indicate that a garden path effect can result from a misinterpretation at the first of 

two complements. Paradoxically, Bever's (1970) Strategy B accounts for this class of 

garden path effect. In sentence (98), the words the performer sent the flowers are an NVN 

sequence that can be mistaken for a main clause. 

In the end, neither the reasonable perceptual strategy nor Strategy B is adequate. 

An independent clause, on the one hand, is too large a unit to account for the garden path 

effect that results from a misinterpretation at the first of two complements, as in (98). An 

NVN sequence, on the other hand, is too small a unit to account for the garden path effect 
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that results from a misinterpretation at the second of two complements, as in (89). An 

adequate theory of syntactic ambiguity resolution must resolve this paradox. 

Finally, Chomsky and Lasnik (1977) themselves noted that the reasonable 

perceptual strategy cannot apply to the following sentence from Black English; 

(99) The man own the land come over. 

The words the man awn the land can stand as an independent clause. Nevertheless, 

sentence (99) reportedly causes no garden path efifect. Chomsky and Lasnik (1977) 

suggested that the reasonable perceptual strategy is not universal. However, an alternative 

explanation is that the vernacular is a spoken language with prosodic cues. Presumably, 

this example does not count as evidence against the reasonable perceptual strategy. 

The influence of clausal analysis declined in the 1970s (see Tanenhaus & 

Trueswell, 1995, for a review). Researchers felt that clausal analysis lost its appeal when 

experiments showed that extensive parsing takes place on a word-by-word basis (e.g., 

Marslen-Wilson, 1973, 1975). 

3.2 Delay Parsing; M. P. Marcus's Determinism 

M. P. Marcus (1980) proposed determinism. It is the hypothesis that all 

substructures built by the parser cannot be subsequently altered and must be part of the 

final structure. Determinism excludes both serial parsing and parallel parsing. It excludes 

serial parsing because a serial parser often requires that an initial structure be altered. It 

also excludes parallel parsing because a parallel parser requires that a structure initially 
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built be discarded and hence not be part of the final structure. The remaining possibility is 

delay parsing. 

M. P. Marcus (1980) hypothesized that "all sentences which people can parse 

without conscious difficulty can be parsed strictly deterministically" (p. 6). M. P. Marcus 

implemented his theory into a computer program called PARSIFAL. PARSIFAL has a 

stack and a buffer. The stack holds a global structure; the bufifer holds local constituents. 

The bu£fer consists of three cells. Each cell holds only one constituent. Consequently, the 

parser can hold as many as three constituents in the buffer. M. P. Marcus assumed that the 

size of a constituent is immaterial. Each cell can hold a small constituent, such as that, or a 

large constituent, such as that the big green cookie monster's toe got stubbed (examples 

from M. P. Marcus, 1980). 

The parser initially shifts a word to an empty cell. The parser holds the word there 

if the word cannot be attached to either a structure in the stack or a constituent in the 

preceding cell. Similarly, at the point of syntactic ambiguity, the parser holds a constituent 

in a cell. Because there are three cells in the buffer, the parser can wait (or "look ahead") 

for disambiguating information while holding as many as three constituents. 

M. P. Marcus's (1980) theory accounts for the classic garden path effect; 

(100) # The horse raced past the bam fell. 

The NP the horse is unambiguously the subject of a main clause, but the 

subsequent words raced past the bam are ambiguous. The parser holds them in the three 

cells, as shown in (101). 
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(101) [v raced] [p past] [np the bam] 

Now that all the three cells are occupied, the parser can no longer wait for 

disambiguating information. In other words, the parser cannot see the upcoming verb fell. 

Consequently, the parser takes the three constituents to be a main clause. A garden path 

effect resuhs because they turn out not to be a main clause. Although it is unclear why the 

parser does not reduce the preposition past and the NP the bam into the PP past the bam 

in order to open a cell (Church, 1982), M. P. Marcus's (1980) assumption can be valid as 

long as it is consistent. 

M. P. Marcus's (1980) theory makes two predictions. One is that a garden path 

effect results if a syntactic ambiguity cannot be correctly resolved within the range of three 

constituents. The other prediction is that a garden path effect does not result if a syntactic 

ambiguity can be correctly resolved within the range of three constituents. Neither 

prediction can be supported (Gibson, 1991; Pritchett, 1988, 1992). First, a garden path 

does not necessarily result even if a syntactic ambiguity cannot be correctly resolved 

within the range of three constituents. For example, consider the following sentence; 

(102) Is the block placed in the box red? 

In sentence (102), the parser holds the words placed in the box in the three cells, 

as shown in (103). 

(103) [v placed] [p in] [np the box] 

Now that all the three cells are occupied, the parser takes the three constituents to 

be a main clause. Although they turn out not to be a main clause, a garden path does not 
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result. In fact, sentences (100) and (102) are identical in terms of the number and types of 

constituents held in the bu£fer. Nevertheless, they are markedly different in processing 

difficulty. Thus, the number of constituents held in the buffer cannot be linked to garden 

path effects. 

Second, a garden path effect results even if a syntactic ambiguity can be correctly 

resolved within the range of three constituents. An example is shown in (104). 

(104) # Aff er you drank the water was discovered to be polluted. 

In sentence (104), the parser holds only one constituent; the NP the water. 

Nevertheless, a garden path effect results. 

It is sometimes suggested that the parser can delay parsing for a word or two (e.g., 

Murray & Liversedge, 1994). However, this proposal has a problem. For example, 

consider sentence (104). The parser holds only two words; the and water. If the NP is 

water, not the water, then the parser holds only one word; water. Nevertheless, the garden 

path effect persists. Thus, neither the number of constituents held in the buffer nor the 

number of words held in the buffer can be linked to garden path effects. 

3 .3 Serial Parsing 

3.3.1 Frazier's Minimal Attachment and Late Closure 

In a seminal paper, Kimball (1973) proposed seven parsing strategies. Following 

Kimball, Frazier (1979) proposed what would become the best known theory of serial 

parsing. It consisted of only two parsing strategies. One of them was minimal attachment . 
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(105) Attach incoming material into the phrase-marker being constructed using the 

fewest nodes consistent with the well-formedness rules of the language under 

analysis. (Frazier, 1979, p. 24) 

The other was late closure: 

(106) When possible, attach incoming material into the phrase or clause currently being 

parsed. (Frazier, 1979, p. 33) 

Frazier (1979) assumed that the parser uses phrase structure rules. Phrase 

structure rules are used to "rewrite" nodes (Chomsky, 1957). For example, the phrase 

structure rule S -> NP VP rewrites S as NP and VP. Frazier considered that minimal 

attachment and late closure are due to memory and time constraints on parsing. Minimal 

attachment reduces memory load because the parser accesses the fewest number of phrase 

structure rules and holds the simplest structure in memory. Minimal attachment also saves 

time because the parser builds the simplest structure fastest. Late closure reduces memory 

load because the parser integrates material rather than keeping it separate. 

Minimal attachment accounts for the classic garden path efifect; 

(107) # The horse raced past the bam fell. 

The parser can attach the verb raced as either the verb of a main clause, as shown 

in (108), or the verb of a reduced relative clause modifying the noun horse, as shown in 

(109). 
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(108) S 

NP VP 

Det N V 

the horse raced 

(109) S 

NP 

NP S 

Det N VP 

I I / 
the horse V 

raced 

Obviously, the main clause attachment requires fewer nodes than the reduced 

relative clause attachment. Minimal attachment predicts that the parser attaches the verb 

as the verb of a main clause. A garden path efifect results because the verb turns out to be 

the verb of a reduced relative clause. 

It is important to note that this explanation hinges on the assumption that minimal 

attachment applies before late closure. Frazier (1979) assumed that the root node S is 

projected at the begiiming of a sentence. In sentence (107), when the verb raced appears, 

the currently parsed phrase is the NP the horse, not the root node S. Therefore, if late 

closure applied before minimal attachment, the parser would attach the verb as the verb of 

a reduced relative clause. In order to predict the garden path effects in sentences like 

(107), minimal attachment must apply before late closure. 
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Crucially, minimal attachment depends on the assumption about phrase structure. 

Frazier (1979) assumed that the complement attachment requires fewer nodes than the 

modifier attachment. A complement is directly attached to a VP or NP node, whereas a 

modifier is "adjoined" to a VP or NP node, requiring an additional VP or NP node (i.e., 

"adjunction"). This assumption is needed to predict the garden path effects in sentences 

like (110). 

(110) # I put the candy on the table into my mouth. 

At the preposition on, the parser can project a PP and can attach it as either a 

complement of the verb put, as shown in (111), or a modifier of the noun cancfy, as shown 

in (112). 

(111) 

N P 

the candy on 

(112) 

the candy on 
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The complement attachment requires fewer nodes than the modifier attachment 

because of the adjunction involved in the modifier attachment. Minimal attachment 

predicts that the parser attaches the PP as a complement of the verb. A garden path efifect 

resuhs because the PP turns out to be a modifier of the preceding noun. 

If alternative attachments require the same number of nodes, minimal attachment 

cannot apply. Instead, late closure applies. Late closure accounts for the garden path 

effects in sentences like (113). 

(113) # After you drank the water was discovered to be polluted. 

At the determiner the, the parser can project an NP and can attach it as either the 

object of the verb drank or the subject of a main clause. Because the root node S (i.e., the 

main clause node) is projected at the beginning of the sentence, the parser can directly 

attach the NP to either the preceding VP node or the root node S. Minimal attachment 

cannot apply here because the alternative attachments require the same number of nodes. 

Instead, late closure predicts that the parser attaches the NP to the VP node because the 

VP, not the root node S, is the currently parsed phrase. A garden path efifect results 

because the NP turns out to be the subject of a main clause. 

Late closure also accounts for the preferred interpretations in sentences like (114). 

(114) Tom said that Bill left yesterday. 

The parser can attach the yesterday as either a modifier of the complement 

clause verb left or a modifier of the main clause verb said. Late closure predicts that the 



parser attaches it as a modifier of the complement clause verb because the complement 

clause, not the main clause, is the currently parsed clause. 

Essentially, Frazier's (1979) theory predicts that a garden path effect results if the 

sentence involves "nomninimal attachment" (as opposed to minimal attachment) or "early 

closure" (as opposed to late closure). It should be reemphasized that I am using the term 

garden path effect to refer to conscious processing difBculty. Frazier (e.g., Frazier & 

Rayner, 1982) made it clear that her theory accounts for unconscious processing difficulty 

as well as conscious processing difficulty. However, it is a fact that people can resolve 

some local ambiguities without conscious processing difficulty either way. An adequate 

theory of syntactic ambiguity resolution must account for this fact. In this regard, Frazier's 

theory was inadequate. Not all nonminimal attachments entail (conscious) garden path 

effects (e.g., Gibson, 1991; Pritchett, 1988, 1992). There are a number of examples. First, 

the reduced relative clause attachment requires more nodes than the main clause 

attachment, but it does not necessary entail a garden path effect, as shown in (115). 

(115) The monkeys chased out of the cage never returned. 

Earlier, I showed that Chomsky and Lasnik's (1977) reasonable perceptual 

strategy can explain the difference in processing difficulty between sentences (107) and 

(115) because it makes use of lexical information. Unlike the reasonable perceptual 

strategy, Frazier's (1979) theory does not make use of lexical information and hence 

cannot explain the difference in processing difficulty between the two sentences. 
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Second, the postnominal modifier attachment requires more nodes than the 

complement attachment, but it does not necessary entail a garden path efifect, as shown in 

(116). 

(116) 

a. Is the block sitting in the box red? 

b. Is the block placed in the box red? 

c. Is the block in the box red? 

d. John told the man that kissed Mary that Bill saw Phil. 

e. The report that the president sent to us helped us make the decision. 

Consider sentence (116a). The verb sitting can be attached as either a complement 

of the auxiliary verb is or a reduced relative clause modifying the noun block. Minimal 

attachment predicts that the parser attaches it as a complement. Although it turns out to 

be a reduced relative clause, a garden path effect does not result. Similarly, each of the 

other sentences in (116) has a word that can be attached as a complement but turns out to 

be a postnominal modifier: placed 'm (116b), in in (116c), that (following man) in (116d), 

and that in (116e). 

Third, the subject attachment requires more nodes than the object attachment, but 

it does not necessary entail a garden path effect, as shown in (117). 

(117) 

a. Sally found out the answer was in the book. 

b. The guests left before the evening meal was finished. 
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c. Mary idssed John and his brother started to laugh. 

Consider sentence (117a). The NP the answer can be attached as either the object 

of the verb found out or the subject of a complement clause. Minimal attachment predicts 

that the parser attaches it as the object of the verb. Although it turns out to be the subject 

of a complement clause, a garden path effect does not result. Similarly, in sentence (117b), 

the NP the evening meal can be attached as the object of the preposition before but turns 

out to be the subject of a subordinate clause. In sentence (117c), the NP his brother can 

be attached as the object of the verb kissed turns out to be the subject of a coordinate 

clause. Nevertheless, neither of sentences (117b) and (117c) causes a garden path effect. 

People may prefer nonminimal attachment to minimal attachment. Consider the 

following sentence; 

(118) # Without the man that Anna married was unknown to us. 

The word that is seven-way ambiguous (see section 2.1.4.5). Minimal attachment 

predicts that the parser attaches it as either the subject (i.e., a demonstrative pronoun) of a 

main clause or the determiner of the subject of a main clause. Each attachment requires 

only two nodes (either NP and N or NP and Det) attached to the root node S. However, 

people actually prefer to attach the word that as the complementizer of a relative clause 

modifying the noun man even though this attachment involves adjunction and requires 

more than two nodes. 

People may prefer early closure to late closure. Recall the following sentence; 
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(119) Uriah Fuller, the famous Israeli superpsychic, can tell you the score of any baseball 

game before the game even starts. 

The PP before the game even starts can be attached as either a modifier of the verb 

tell or a modifier of the noun score. Late closure predicts that the parser attaches it as a 

modifier of the noun because the NP, not the VP, is the currently parsed phrase. However, 

people actually prefer to attach it as a modifier of the verb. Hence, the Uriah Fuller 

problem is difficult to solve. 

The fact that people can resolve some local ambiguities without (conscious) 

garden path effects either way is a major problem for any theory of serial parsing. Frazier 

and Rayner (1982) addressed this problem and proposed a theory of reanalysis in the 

fi-amework of Frazier's (1979) theory. Frazier and Rayner attempted to explain the 

difference in processing difiBculty between sentences like (120a) and (120b). 

(120) 

a. Sally found out the answer was in the book. 

b. # The horse raced past the bam fell. 

Both sentences (120a) and (120b) involve nonminimal attachments. However, 

sentence (120a) is considerably easier to understand than sentence (120b). Frazier and 

Rayner (1982) attributed the absence of conscious processing difficulty in sentence (120a) 

to the ease with which the sentence is reanalyzed. Minimal attachment predicts that the 

parser attaches the NP the answer as the object of the verb found out. Frazier and Rayner 

argued that when the verb was appears, the parser tries to find the subject for the verb. 
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The parser can easily find the subject because the immediately preceding NP the answer 

can be reanalyzed as the subject. Similarly, Frazier and Rayner attributed the garden path 

effect in sentence (120b) to the difficulty with which the sentence is reanalyzed. Minimal 

attachment predicts that the parser attaches the verb raced as the verb of a main clause. 

When the verb fell appears, the parser tries to find the subject for the verb. The parser 

cannot easily find the subject because there is no immediately preceding NP that can be 

reanalyzed as the subject. 

However, Frazier and Rayner's (1982) theory has problems (Gibson, 1991; 

Pritchett, 1988, 1992). First, it cannot account for the garden path effects in sentences like 

those in (121). 

(121) 

a. # Katrina warned the professor was planning a murder. 

b. # After you drank the water was discovered to be polluted. 

c. # I believe that John smokes annoys Mary. 

Consider sentence (121a). Minimal attachment predicts that the parser attaches the 

NP the professor as the object of the verb warned. Frazier and Rayner's (1982) theory 

predicts that when the verb was appears, the parser can easily reanalyze the NP as the 

subject of a complement clause. However, a garden path effect results. Similarly, in 

sentence (121b), Frazier and Rayner's theory incorrectly predicts that the parser can easily 

reanalyze the NP the water as the subject of a main clause. In sentence (121c), Frazier and 

Rayner's theory incorrectly predicts that the parser can easily reanalyze the clause that 
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John smokes as the sentential subject of a complement clause. An additional problem with 

Frazier and Rayner's theory is that it cannot apply to sentences like those in (1 IS) and 

(116). 

Recently, Frazier and Clifton (1996) conceded that "no complete and explicit 

model of reanalysis (or identification of noninitial analyses) has yet been proposed" (p. 

15). However, they mentioned that Inoue and J. D. Fodor's (1995) theory was "one 

promising development" (Frazier & Clifton, 1996, p. 15). 

Briefly, Inoue and J. D. Fodor (1995) proposed that a serial parser "flags" 

alternative structures at every point of syntactic ambiguity and records how quickly each 

has been built. Upon reanalysis, the parser looks back at the flags and chooses the next 

structure to pursue. 

In my opinion, Inoue and J. D. Fodor's (1995) theory is too vague to be a useful 

hypothesis. It seems to be impossible to test the validity of their claim. 

More recently, Frazier and Clifton (1998) suggested that the ease of reanalysis 

varies fi'om sentence to sentence depending on such nonsyntactic information as the length 

of the ambiguous phrase, the plausibility of the initial structure, and the frequency of the 

alternative structure. Although such nonsyntactic information may explain the difference in 

subtle processing difficulty between sentences of the same type, it seems to be inadequate 

for explaining the difference in conscious processing difficulty between different types of 

sentences. 
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The lack of an explicit theory of reanalysis is a major problem with Frazier's 

(1979) theory. An additional problem is that there are exceptions to the rules. The original 

assumption was that minimal attachment and late closure apply to any sentence. However, 

Frazier and Rayner (1987) recognized that minimal attachment does not apply to 

categorical ambiguities. They found the evidence that sentences like those in (122) do not 

cause garden path effects. 

(122) 

a. The warehouse fires harm some employees each year. 

b. The warehouse fires numerous employees each year. 

In each of the sentences in (122), minimal attachment predicts that the parser 

attaches the word warehouse as an MP rather than as a prenominal adjective (i.e., a 

modifier of the compound noun) because the adjectival attachment requires adjunction. 

Although it turns out to be a prenominal adjective in sentence (122a), a garden path effect 

does not result. To explain the absence of garden path effects in sentences like (122a), 

Frazier and Rayner (1987) proposed that the parser delays resolving a categorical 

ambiguity until disambiguating information becomes available. 

However, Frazier and Rayner's (1987) theory has a problem (Gibson, 1991). 

There are categorically ambiguous sentences that do cause garden path effects, as shown 

in (123). 

(123) 

a. # The building blocks the sun faded are red. 
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b. # The building blocks the sun shining on the house faded are red. 

c. # That deer ate everything in my garden surprised me. 

d. # The editor authors the newspaper hired liked laughed. 

In fact, Frazier (1979) originally assumed that minimal attachment accounts for the 

garden path effect in sentence (123d). 

In the end, neither minimal attachment nor delay parsing is adequate. Minimal 

attachment, on the one hand, cannot explain why sentences like (122a) do not cause 

garden path effects. Delay parsing, on the other hand, cannot explain why sentences like 

those in (123) cause garden path effects. In addition, both minimal attachment and delay 

parsing do not seem to explain why sentences like (124) cause pun effects. 

(124) She criticized his apartment, so he knocked her flat. 

Not only minimal attachment but also late closure have exceptions. Frazier and 

Clifton (1996) recognized that late closure does not apply to modifier attachment 

ambiguities. 

Finally, there remains a question as to whether Frazier's (1979) assumption about 

phrase structure is correct. Although Frazier has updated her assumption about phrase 

structure (Frazier, 1990b; Frazier & Clifton, 1996), the assumption that verbs that take 

two complements involve ternary branching is particularly controvertible in the light of 

recent linguistic theory (e.g., Abney, 1987; Larson, 1988). 

Frazier's (1979) theory remains popular among researchers around the world. 

However, there are a number of questions about this theory. In addition, there are 



100 

problems common with serial parsing theories. I will discuss them after 1 review two 

explicit theories of serial parsing and reanalysis. 

3.3.2 Pritchett's Generalized 6-Attachment and On-Line Locality Constraint 

Pritchett (1992) proposed an explicit theory of serial parsing and reanalysis in the 

framework of government-binding (GB) theory. GB theory was developed by Chomsky in 

the 1980s (e.g., Chomsky, 1981, 1982, 1986a, 1986b, 1991). It was particularly influential 

in the development of parsing theories (see Berwick, Abney, & Tenny, 1991). Before I 

review Pritchett's theory, I will briefly describe GB theory because its concepts recur 

frequently in the following review. GB theory had undergone constant revision. I will 

describe a version that was commonly assumed in the psycholinguistic literature (see 

Haegeman, 1994, for an introduction to GB theory). 

Prior to GB theory, Chomsky (1957, 1965) hypothesized that syntactic structures 

are generated by phrase structure rules and then transformed by transformational rules. In 

GB theory, Chomsky (1981) tried to eliminate phrase structure rules. He proposed the 

projection principle . 

(125) Representations at each syntactic level (i.e., LF, and D- and S-structure) are 

projected from the lexicon, in that they observe the subcategorization properties of 

lexical items. (Chomsky, 1981, p. 29) 

Chomsky (1981) posited four levels of syntactic representation; D-structure, S-

structure, PF (phonetic form), and ZF (logical form). Each sentence is assigned the four 

levels of syntactic representation. The subcategorization properties of lexical items are 
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formally represented by subcategorization frames (Chomsky, 196S). Examples are shown 

in (126). 

(126) 

a. sleep: V, _ 

b. bite: V, _ NP 

c. put: V, _ NP PP 

Each subcategorization fi^e specifies the number and types of complements with 

which the lexical item appears. For example, the subcategorization firame in (126b) 

indicates that the lexical item bite is a verb and that it appears with an NP complement. 

However, subcategorization information is redundant with semantic information. 

For example, the reason why the verb bite requires a subject and an object is that it 

expresses someone's act of biting something. By wielding the Occam's razor, GB 

researchers (e.g., Stowell, 1981) replaced subcategorization fi'ames with 0-grids or, more 

commonly, argument structures, as shown in (127). 

(127) 

a. sleep: <theme> 

b. bite: <agent. patient> 

c. put: <agent. theme, goal> 

Each argument structure specifies the number and types of 6-roles (or thematic 

roles) that the predicate assigns to its arguments (i.e., the entities that participate in the 

event or state expressed by the predicate). Essentially, 6-roles are semantic contents. The 
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agent is the one that performs the action, and the patient is the one that undergoes the 

action. The theme is the one that undergoes the movement from one place to another (or 

the change from one state to another), and the goal is the one to which the movement is 

directed. The 6-role assigned to a subject is referred to as an external d-role, and the 6-

role assigned to an object is referred to as an internal $-roie. Customarily, an external 6-

role is underlined and distinguished from an internal 6-roIe, as shown in (127). 

Chomsky (1981) revised the projection principle such that syntactic 

representations observe the thematic properties of lexical items. Chomsky suggested that 

syntactic structures are the projections of argument structures. 

To explain how 6-roles are assigned to arguments, Chomsky (1981) proposed the 

d-criterion. 

(128) Each argument bears one and only one 6-role, and each 6-role is assigned to one 

and only one argument. (Chomsky, 1981, p. 36) 

The 6-criterion explains why sentences like those in (129) are ungrammatical. 

(129) 

a. *The dog slept the sandwich. 

b. ""The dog put the sandwich. 

Consider sentence (129a). The verb slept assigns the theme role to the NP the dog 

but does not assign any 6-role to the NP the sandwich. Hence, the sentence is 

ungrammatical. In sentence (129b), the verb put assigns the agent role to the NP the dog 

and the theme role to the NP the sandwich but does not assign the goal role to any 
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argument. Hence, the sentence is ungrammatical. In contrast, consider the following 

grammatical sentence; 

(130) The dog bit the sandwich. 

Sentence (130) is grammatical because it meets the 6-criterion. The verb bit 

assigns the agent role to the NP the dog and the patient role to the NP the sandwich. No 

6-role is left unassigned, and no argument is left unassigned a 6-role. 

In addition to the 0-criterion, Chomsky (1981) proposed the Case filter. 

(131) *NP if NP has phonetic content and has no Case. (Chomsky, 1981, p. 49) 

In English, NPs are not overtly marked with grammatical cases unless they are 

pronouns. Chomsky (1981) assumed that full noun phrases are covertly marked with 

abstract "Case." 

As mentioned earlier, the projection principle was an attempt to eliminate phrase 

structure rules. Another attempt to eliminate phrase structure rules was X-bar theory 

(Chomsky, 1970; Jackendoff, 1977). X-bar theory replaces phrase structure rules, as 

shown in (132), with a uniform format, as shown in (133). 

(132) 

a. VP ^ Specifier V 

b. V -> V Complement 

c. NP Specifier N' 

d. N' —> N Complement 

e. AP ^ Specifier A' 
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f. A' ^ A Complement 

g. PP Specifier P' 

h. P' -> P Complement 

(133) XP 

Specifier X* 

X Complement 

X is the variable that can be replaced by a syntactic element (e.g., V, N, A, P). X is 

referred to as the hecui of XP. XP and X" are referred to as the projections of X. In 

particular, XP is referred to as the maximal projection of X. 

GB theory (e.g., Chomsky, 1986a) typically assumed the following syntactic 

structure: 

Specifier 

Specifier 

Specifier V 

V Complement 

C i s  a  co mp l emen t i ze r .  I  i s  an  in f l e c t i on  ( w h i ch  cons i s t s  o f  an  ag reemen t  and  a  

tense). IP is comparable to the root node S in the previous theory. 
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Syntactic derivation begins at D-structure, and the 0-criterion applies at D-

structure. A subject is assigned a 6-role in the specifier (or Spec) of IP. An object is 

assigned a 6-role in the complement of V. An example of D-structure representation (i.e.. 

The dog bit the sandwich) is shown in (135). 

(135) ff 

r 

VP 

3sg-past Spec V 

V NP 

I A 
bite the sandwich 

I will use the following abbreviations; 1, 2, and 3 denote the first, second, and third 

persons; sg and pi denote the singular and plural numbers; and pres and past denote the 

present and past tenses. 

A D-structure representation is transformed into an S-structure representation. At 

S-structure, the words are arranged in surface order. The inflection and the verb are united 

by head movement. Head movement depends on whether the verb is an auxiliary verb or a 

main verb (Chomsky, 1991; Pollock, 1989). If the verb is an auxiliary verb, it is raised to I 

and assigned an inflection. If the verb is a main verb, then an inflection is lowered to V and 

assigned to the verb. As a result, a tensed auxiliary verb appears in I, and a tensed main 

verb appears in V. The difference in head movement explains why an adverb is preceded 
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by a tensed auxiliary verb, as shown in (136a), but followed by a tensed main verb, as 

shown in (136b). 

(136) 

a. The dog has often bitten sandwiches. 

b. The dog often bites sandwiches. 

Another type of movement is MP movement. The Case filter applies at S-structure, 

and an NP moves in order to pass the Case filter. A typical example of MP movement is 

passivization. The assumption in GB theory was that a passive verb does not assign a 6-

role to a subject and does not assign Case to an object. Because a passive verb does not 

assign an external 6-role, it has its own argument structure. The argument structure of the 

passive verb bitten is shown in (137). 

(137) bitten; <patient> 

Without an external G-role, no subject can appear at D-structure in the passive 

construction. Only an object appears in the object position where an internal 6-role is 

assigned. However, the object receives no Case. In order to pass the Case filter, it moves 

to the empty subject position where Case is available. 

The third type of movement is wA-movement. A w/r-phrase moves fi'om the base 

position (where a 6-roIe is assigned) to the specifier of CP. 

An example of S-structure representation is shown in (138). It is derived from the 

D-structure representation in (135). 
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(138) IP 

NP r 
A 

the dog I VP 

ti Spec 

V NP 

A 
biti the sandwich 

The letter t denotes a trace. The moved element and the trace are coindexed (by a 

subscript letter). 

An S-structure representation is further transformed into a PF representation and 

an LF representation. PF interfaces with a level of phonological representation; LF 

interfaces with a level of semantic representation. There was little discussion about PF in 

the literature. LF was originally proposed to account for scope ambiguities. For example, 

consider the following sentence; 

(139) Everybody loves somebody. 

Sentence (139) is ambiguous in terms of scope relations. V[everybody takes "wide 

scope," the sentence means that everybody loves a different individual (e.g., Debra, Marie, 

Frank, Robert). But i£somebody takes wide scope, then the sentence means that there is 

one particular individual that everybody loves (e.g., Raymond). In his 1977 dissertation 

(published in 1990), May proposed that a quantifier is covertly raised at LF (like a wh-

phrase is overtly raised at S-structure). May hypothesized that quantifier raising accounts 

for scope ambiguities. 
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It is important to note that scope relations are independent of thematic relations. 

For example, sentence (139) is ambiguous in terms of scope relations, but it is 

unambiguous in terms of thematic relations. Whether everybtxfy takes wide scope or 

somebocfy takes wide scope, the one who loves is everybody, and the one who is loved is 

somebody. Although the assumption in GB theory was that a single level of syntactic 

representation interfaces with a level of semantic representation, it is likely that there are 

multiple levels of semantic representation (e.g., Jackendoff, 1972). For example, thematic 

relations and scope relations are independent of each other. Thematic relations can be 

interpreted at argument structure, whereas scope relations can be interpreted elsewhere. 

Regarding the ambiguity, Chomsky (1956) once made the following remark; 

If the grammar of a language is to provide insight into the way the language is 
understood, it must be true, in particular, that if a sentence is ambiguous 
(understood in more than one way), then this sentence is provided with alternative 
analyses by the grammar. In other words, if a certain sentence S is ambiguous, we 
can test the adequacy of a given linguistic theory by asking whether or not the 
simplest grammar constructible in terms of this theory for the language in question 
automatically provides distinct ways of generating the sentence S. (p. 123) 

However, Chomsky (1957) quickly pointed out that "obviously, not all kinds of 

ambiguity will be analyzable in syntactic terms" (p. 86). Whether scope ambiguities are 

represented structurally in syntax is a controversial topic (Jackendoff, 1994, 1997). Some 

researchers have noted that scope ambiguity resolution can be affected by nonsyntactic 

information as well as syntactic information (e.g., loup, 1975; Kuno & Takami, 1993). I 

will not discuss LF any further. Scope ambiguity resolution is beyond the scope of this 

study. 
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In the framework of GB theory, Pritchett (1988, 1991, 1992) developed an explicit 

theory of serial parsing and reanalysis. To explain how nodes are projected, Pritchett 

(1991) derived head-driven parsing from the projection principle. The head-driven parser 

projects nodes as it encounters their head. In other words, it does not project nodes until it 

encounters their head. To explain how nodes are attached, Pritchett (1988) derived $-

attachment from the 0-criterion (see also Abney, 1989). 0-Attachment predicts that the 

parser attaches an incoming word to a position where a 6-role is assigned. It implies serial 

parsing because the parser prefers to attach a word to a position where a 6-role is assigned 

rather than to attach a word to a position where a 6-role is not assigned. Subsequently, 

Pritchett (1992) hypothesized that the parser prefers to attach a word to a position where 

Case is assigned. He integrated Case attachment into 6-attachment and proposed 

generalized 0-attachment: 

(140) Every principle of the Syntax attempts to be maximally satisfied at every point 

during processing. (Pritchett, 1992, p. 138) 

To explain garden path effects, Pritchett (1992) proposed the on-line locality 

constraint. 

(141) The target position (if any) assumed by a constituent must be governed or 

dominated by its source position (if any), otherwise attachment is impossible for 

the automatic Human Sentence Processor. (Pritchett, 1992, p. 101) 
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The on-line locality constraint applies to structural relations. There are several 

structural relations, including dominance, precedence, m-command, and government. 

Suppose that there are two nodes A and B in a tree; 

• A dominates B if B is descended from A. 

• A precedes B if neither A nor B dominates the other, and if A is to the left of B. 

• A m-commands B if neither A nor B dominates the other, and if every maximal 

projection that dominates A also dominates B. 

• A governs B if A and B mutually m-command (i.e., if neither A nor B dominates 

the other, if every maximal projection that dominates A also dominates B, and if 

every maximal projection that dominates B also dominates A). 

For example, consider the following VP; 

(142) VP 

V 

V NP PP 

put Det N' P' 

the N P NP 

sandwich on Det N' 

I I 
the N 

I 
table 

The VP node dominates every other node. The V put precedes the NP the 

sandwich, the PP on the table, and the NP the table. The V put m-commands the NP the 
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sandwich, the PP on the table, and the NP the table. The V put governs the NP the 

sandwich and the PP on the table but does not govern the NP the table because the PP, 

another maximal projection, blocks the government. 

The on-line locality constraint predicts that a garden path effect results if the 

source position of a constituent neither dominates nor governs the target position. 

Conversely, a garden path effect does not result if the source position of a constituent 

either dominates or governs the target position. Although it is unclear why dominance and 

government are linked to garden path effects, Pritchett (1992) showed that the on-line 

locality constraint accounts for a wide range of data. For example, it accounts for the 

classic garden path effect; 

(143) # The horse raced past the bam fell. 

The parser initially attaches the verb raced as the verb of a main clause so that the 

NP the horse is assigned a 6-role and Case. (In the reduced relative clause attachment, the 

NP the horse is assigned a 0-role and Case when the verb fell appears.) Subsequently, 

when the verb fell appears, the initial structure turns out to be wrong. The parser must 

change the initial structure, as shown in (144), into the target structure, as shown in (145). 
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(144) 

(145) 

the horse I 

past the bam 

the N' 

A 
horse Spec 

PROi I 

PP 

A 
V MP past the bam 

raced t, 

The structures in (144) and (145) are S-structure representations. Here, and 

below, I will omit the trace of head movement. The PRO denotes an implicit subject 

pronoun. The letter O denotes an operator (Chomsky, 1982), which occupies the specifier 
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of CP in place of a u'/i-pronoun. A chain is formed between the moved element and the 

trace (Chomsky, 1981). The operator and the trace share a 6-role as a result of chain 

formation. 

The on-line locality constraint applies to the constituents before and after 

reanalysis. Consider the NP the horse. In the initial structure, it occupies the specifier of 

the IP, projected by the verb raced. This position is the source position. In the target 

structure, the NP occupies the specifier of the higher IP, projected by the verb fell. This 

position is the target position. The source position is occupied by a PRO. This source 

position neither dominates nor governs the target position. Hence, the on-line locality 

constraint predicts that this reanalysis is problematic. 

The on-line locality constraint also accounts for the absence of garden path effects 

in sentences like those in (146). 

(146) 

a. The monkeys chased out of the cage never returned. 

b. The monkeys chased out of the cage a large group of rats. 

In each of the sentences in (146), the parser initially attaches the verb chased as 

the verb of a main clause so that the NP the monkeys is assigned a 6-role and Case. 

Pritchett (1992) argued that as soon as the following PP appears, the parser reanalyzes the 

verb as the verb of a reduced relative clause. This reanalysis is necessary because the 

transitive verb chased requires that accusative Case be assigned to an adjacent NP. For 

example, the sentence The monkeys chased out of the cage rats is ungrammatical because 
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of the Case adjacency requirement. (Apparently, heavy MP shifts are exceptional.) The 

initial structure and the target structure are shown in (147) and (148). 

(147) IP 

NP 

A 
the monkeys I 

r 

VP 

A 
chased 

the N-

A 
monkeys Spec C 

PRO; I 

PP 

A 
V NP out of the cage 

I I 
chased t\ 

Crucially, the target structure is an NP unattached to a verb. Because of head-

driven parsing, the root node (i.e., the main clause IP node) is not projected at this point. 

Pritchett (1992) argued that the on-line locality constraint does not apply here because the 

NP has no target position without being immediately reattached to a verb. Similarly, the 
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on-line locality constraint does not apply when the NP the monkeys is eventually 

reattached to the verb chased, as in (146b), because the NP has no source position upon 

reanalysis. (Hence, the definition of the on-line locality constraint in (141) has "(if any)" in 

it.) Because the on-line locality constraint does not apply, a garden path e£fect is not 

predicted. 

Pritchett's (1992) theory is one of the few that can explain the difference in 

processing di£5culty between sentences (143) and (146a). It is important to note that 

Pritchett's theory as well as Chomsky and Lasnik's (1977) theory makes use of lexical 

information. In sentence (143), the verb raced 'xs potentially an intransitive verb. In 

sentence (146a), the verb chased is a transitive verb that must meet the Case adjacency 

requirement. 

The on-line locality constraint also accounts for the absence of garden path effects 

in sentences like (149). 

(149) Sally found out the answer was in the book. 

The parser initially attaches the NP the answer as the object of the verb found out 

so that it is assigned a 6-role and Case. The initial structure and the target structure are 

shown in (150) and (151). 



(150) 

SaUy I 

found out the answer 

(151) IP 

NP 

A 
Sally I VP 

I 
V 

CP 

found out C 

IP 

NP 

A 
the answer I 

was 

r 

VP 

A 
in the book 

116 

In the initial structure, the NP the answer occupies the complement of the V found 

out. In the target structure, it occupies the specifier of the lower IP. The source position is 

occupied by a CP, and it dominates the target position. Hence, the on-line locality 

constraint predicts that this reanalysis is unproblematic. 
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Pritchett (1992) also showed that the on-line locality constraint accounts for the 

garden path effects in sentences like (152). 

(152) # Katrina warned the protessor was planning a murder. 

Sentence (152) is superficially similar to sentence (149). However, it causes a 

garden path effect. The on-line locality constraint accounts for the garden path effect. The 

parser initially attaches the MP the professor as the object of the verb warned so that it is 

assigned a 6-role and Case. Consider the initial structure and the target structure shown in 

(153) and (154). 

(153) IP 

NP r 

A 
Katrina I VP 

V 

V NP 

A 
warned the professor 
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(154) IP 

NP r 
A 

Katrina I VP 

V 

V NP CP 

warned C 

C IP 

NP r 
A 

the professor I 

A 
VP 

was planning a murder 

In the initial structure, the NP the professor occupies the complement of the V 

warned. In the target structure, it occupies the specifier of the lower IP. Crucially, the 

verb warned assigns two internal 6-roles. Pritchett (1992) assumed that the source 

position is occupied by no element. Alternatively, it is possible that the source position is 

occupied by an implicit argument that refers to such an arbitrary entity as one, us, or 

people. In either case, the source position neither dominate nor govern the target position. 

Hence, the on-line locality constraint predicts that this reanalysis is problematic. 

The on-line locality constraint also accounts for the garden path effects in "late 

closure" sentences like (155). 

(155) # After you drank the water was discovered to be polluted. 
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The parser initially attaches the NP the water as the object of the verb drank so 

that it is assigned a 6-role and Case. The initial structure and the target structure are 

shown in (156) and (157). 

(156) PP 

P' 

IP 

r after NP 

A 
you I VP 

V 

NP 

A 
drank the water 

(157) 

the water I 

after NP 

you I 

VP 

A 
was discovered to be polluted 

In the initial structure, the NP the water occupies the complement of the V drank. 

In the target structure, it occupies the specifier of the higher IP. Pritchett (1992) assumed 

that the source position is occupied by no element. Alternatively, it may be occupied by an 
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implicit argument that refers to something that one typically drinks. In either case, the 

source position neither dominates nor governs the target position. Hence, the on-line 

locality constraint predicts that this reanalysis is problematic. 

Pritchett's (1992) theory was an interesting attempt to show that there is a direct 

relationship between grammar and processing. However, it has problems. First, a garden 

path effect does not necessary result even if the source position of a constituent neither 

dotninates nor governs the target position, as shown in (158). 

(158) 

a. Is the block sitting in the box red? 

b. Is the block placed in the box red? 

c. Is the block in the box red? 

d. Mary kissed John and his brother started to laugh. 

e. John told the man that kissed Mary that Bill saw Phil. 

For example, consider sentence (158c), the simplest of all. The parser initially 

attaches the PP in the box as a complement of the verb is so that the NP the block is 

assigned a 6-role by the PP. It should be noted that the verb be does not assign 0-roles in 

GB theory. The initial structure and the target structure are shown in (159) and (160). 
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(159) CP 

C 

IP 

IS NP 

A 
the block I VP 

V 

PP 

A 
in the box 

(160) 

the N' PP 

A A 
block in the box AP 

A 
red 

In the initial structure, the PP in the box occupies the complement of the V. (The 

V is actually occupied by a trace of the verb is). In the target structure, the PP occupies 

the sister of the N* block. The source position is occupied by the AP red, and it neither 

dominates nor governs the target position. Nevertheless, a garden path effect does not 

resuh. Similarly, each of the other sentences in (158) has a constituent whose source 
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position neither dominates nor governs the target position: sitting in the box in (lS8a), 

placed in the box in (158b), his brother in (158d), and that (following man) in (lS8e). 

Second, a garden path effect results even if the source position of a constituent 

continues dominating the target position, as shown in (161). 

(161) # I believe that John smokes annoys Mary. 

In sentence (161), the source position of the CP that John smokes continues 

dominating the target position. Nevertheless, a garden path effect resuhs. 

Finally, generalized 0-attachment is inadequate for accounting for the preferred 

interpretations in sentences like (162). 

(162) Tom said that Bill left yesterday. 

In sentence (162), the zAy&cb yesterdc  ̂can be attached as either a modifier of the 

complement clause verb left or a modifier of the main clause verb said. Generalized 6-

attachment cannot resolve this class of syntactic ambiguity because grammar does not 

favor one modification over the other. 

3.3.3 Gorrell's Simplicity and Structural Determinism 

Gorrell (1995b) proposed another explicit theory of serial parsing and reanalysis in 

the fi"amework of OB theory. His theory of serial parsing was called simplicity: 

(163) No vacuous structure building. (Gorrell, 1995b, p. 100) 

Apparently, simplicity is similar to Frazier's (1979) minimal attachment. However, 

Gorrell (1995b) argued that simplicity is due to a grammatical constraint rather than 

memory and time constraints, as in Frazier's theory. 
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In the late version of GB theory, Chomsky (1991) developed the idea called the 

economy of representation : 

(164) There can be no superfluous symbols in representations. (Chomslcy, 1991, p. 437) 

Chomsky (1991) suggested that the economy of representation is the content of 

the notion of full interpretation: 

(165) An element can appear in a representation only if it is properly "licensed." 

(Chomsky, 1991, p. 437) 

A variety of granmiatical constraints, including 6-role assignment and Case 

assignment, were subsumed under "licensing." For example, an argument without a 6-role 

is not properly licensed and hence cannot appear in a representation. 

Gorrell (1995b) assumed that the parser does not postulate any potentially 

superfluous symbols. This assumption was the essence of simplicity. 

To explain garden path effects, Gorrell (1995b) proposed structural determinism: 

(166) The domain of determinism is limited to the primary structural relations, 

dominance and precedence. (Gorrell, 1995b, p. 101) 

As described earlier, M. P. Marcus's (1980) determinism was the hypothesis that 

all substructures built by the parser cannot be subsequently altered and must be part of the 

final structure. Gorrell (1995b) hypothesized that determinism is limited to dominance and 

precedence. Dominance and precedence are mutually exclusive structural relations. A 

node cannot dominate and precede another node. Structural determinism predicts that a 

garden path effect results if dominance and precedence relations are changed by reanalysis. 
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Conversely, a garden path efifect does not result if dominance and precedence relations are 

not changed by reanalysis. 

Structural determinism accounts for the classic garden path effect; 

(167) # The horse raced past the bam fell. 

The parser initially attaches the verb raced as the verb of a main clause because of 

simplicity. Consider the initial structure and the target structure shown in (168) and (169). 

(168) IP 

MP r 

A 
the horse I VP 

V PP 

A A 
raced past the bam 
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(169) 

Det 

the Sr 

A 
horse Spec 

O, 

PROi I 

PP 

A 
V NP past the bam 

raced A 

In the initial structure, the NP the horse precedes the VP raced. In the target 

structure, the NP the horse dominates the VP raced. Hence, structural determinism 

predicts that this reanalysis is problematic. 

Structural determinism also accounts for the absence of garden path effects in 

sentences like (170). 

(170) Sally found out the answer was in the book. 

Because of simplicity, the parser initially attaches the NP the answer as the object 

of the verb found out. The initial structure and the target structure are shown in (171) and 

(172). 
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(171) IP 

SaUy I VP 

V NP 

I A 
found out the answer 

(172) IP 

Sally I VP 

V CP 

found out C IP 

NP r 

the answer I VP 

I A 
was in the book 

In the initial structure, the V found out precedes the NP the answer, and the VP 

found out dominates the NP the answer. In the target structure, the V found out continues 

preceding the NP the answer, and the VP found out continues dominating the NP the 

answer. Hence, structural determinism predicts that this reanalysis is unproblematic. 

Structural determinism also accounts for the garden path effects in late closure 

sentences like (173). 

(173) # After you drank the water was discovered to be polluted. 
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Unlike Frazier (1979), Gorrell (1995b) assumed that the parser does not project 

the root node (i.e., the main clause IP node) while processing a preposed subordinate 

clause. Gorrell argued that a preposed subordinate clause is not necessarily followed by a 

main clause. For example, people may answer, "After you drank the water," when they are 

asked, "When was the water discovered to be polluted?" If a main clause does not 

necessarily follow, then the root node is a potentially superfluous symbol. Because of 

simplicity, the parser does not project the root node. As a result, the parser attaches the 

NP the water as the object of the verb drank. The initial structure and the target structure 

are shown in (174) and (175). 

(174) PP 

P IP 

after NP I' 

you I VP 

V NP 

I A 
drank the water 

(175) IP 

p IP NP r 

after NP F the water I VP 

A I A 
you I VP was discovered to be polluted 

A 
drank 
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In the initial structure, the VP drank dominates the NP the water. In the target 

structure, the VP drank precedes the NP the water. Hence, structural determinism predicts 

that this reanalysis is problematic. 

Unlike dominance and government in Pritchett's (1992) theory, dominance and 

precedence in Gorrell's (199Sb) theory are mutually exclusive structural relations. The 

assumption that a change of dominance and precedence relations will have an effect on 

processing difiSculty seems reasonable. However, the assumption that a change of the 

other structural relations will not have an effect on processing difBculty seems 

unreasonable. In particular, it is implausible that a change of thematic relations will not 

have an effect on processing difficulty. Empirically, Gorrell's theory is not as successful as 

Pritchett's theory because it does not make use of lexical information. First, a garden path 

effect does not necessarily resuk even if precedence is changed into dominance, as shown 

in (176). 

(176) 

a. The monkeys chased out of the cage never returned. 

b. Is the block sitting in the box red? 

c. Is the block placed in the box red? 

d. Is the block in the box red? 

e. John told the man that kissed Mary that Bill saw Phil. 
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For example, consider sentence (176d). The parser initiaUy attaches the PP in the 

box as a complement of the verb is because of simplicity. The initial structure and the 

target structure are shown in (177) and (178). 

(177) CP 

C IP 

is NP 

m the box 

the block I 

(178) 

the N' 

m the box 

In the initial structure, the NP the block precedes the PP in the block. In the target 

structure, the NP the block dominates the PP in the block. Nevertheless, a garden path 

effect does not result. Similarly, each of the other sentences in (176) has a pair of 

constituents whose structural relations are changed from precedence to dominance; the 

NP the monkeys and the VP chased in (176a), the NP the block and the VP sitting in 
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(176b), the MP the block and the VP placed in (176c), the MP the man and the CP that 

(following man) in (176e). 

Similarly, a garden path effect does not necessarily result even if dominance is 

changed into precedence, as shown in (179). 

(179) Mary kissed John and his brother started to laugh. 

In sentence (179), the VP kissed initially dominates the NP his brother, but the VP 

kissed eventually precedes the NP his brother. Nevertheless, a garden path effect does not 

result. 

Whereas structural determinism incorrectly predicts garden path effects in 

sentences like those in (176) and (179), it fails to predict the garden path effects in 

sentences like those in (180). 

(180) 

a. # Katrina warned the professor was planning a murder. 

b. # I believe that John smokes annoys Mary. 

In sentence (180a), the V warned continues preceding the NP the professor, and 

the VP warned continues dominating the NP the professor. Nevertheless, a garden path 

effect results. Similarly, in sentence (180b), the V believe continues preceding the CP that 

John smokes, and the VP believe continues dominating the CP that John smokes. 

Finally, Gorrell's (1995b) theory has the same problem as Pritchett's (1992) 

theory. Neither theory can account for the preferred interpretations in sentences like 

(181). 
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(181) Tom said that Bill left yesterday. 

The yesterdî  can be attached as either a modifier of the complement 

clause verb lefi or a modifier of the main clause verb said. Simplicity cannot resolve this 

class of syntactic ambiguity because it does not favor one modification over the other. 

3.3.4 Common Problems With Serial Parsing Theories 

Each serial parsing theory has its own problems, but there are problems common 

with all serial parsing theories. First, serial parsing theories are inconsistent with 

incremental interpretation. Incremental interpretation is the fact that people interpret a 

sentence piece by piece, not all at once (e.g., Marslen-Wilson, 1975). Garrett (1990) 

remarked that "even so general a claim as this is valuable because it begins to establish 

boundary conditions on the class of processing machines that could be advanced as models 

of human performance" (p. 134). In my view, serial parsing theories do not qualify as 

models of human performance because they are inconsistent with incremental 

interpretation. For example, consider the following sentence; 

(182) Sally found out the answer to the physics problem was in the book. 

Serial parsing theories typically predict that the parser initially attaches the NP the 

answer as the object of the verb found out. Incremental interpretation implies that all 

syntactic actions must have semantic consequences. If the parser attaches the NP as the 

object of the verb, it must be interpreted accordingly. In sentence (182), the NP turns out 

to be part of the subject of a complement clause. Nevertheless, a garden path efifect does 

not result. It is sometimes suggested that semantic interpretation lags behind syntactic 
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parsing (e.g., Gorrell, 1995b). However, it is implausible that people delay interpreting the 

MP the answer as the object of the verb found out until the verb was appears so that they 

can avoid a garden path effect. Thus, serial parsing theories cannot account for the 

absence of a garden path effect in sentence (182) in a way that is consistent with 

incremental interpretation. 

In contrast, a parallel parsing theory can account for the absence of a garden path 

effect in sentence (182). If the parser attaches the MP the answer as the object of the verb 

found out in one structure and as the subject of a complement clause in the other 

structure, people cannot be certain whether Sally found out the answer or Sally found out 

some proposition about the answer. Even though the MP turns out to be part of the 

subject of a complement clause, one of the two local interpretations remains consistent 

with the global interpretation. Because there is no misinterpretation, no garden path effect 

results. Even if the NP turns out to be part of the object of the verb found out (e.g., Sally 

found out the answer to the physics problem), one of the two local interpretations remains 

consistent with the global interpretation. Thus, a parallel parsing theory can account for 

the absence of a garden path effect in sentence (182) in a way that is consistent with 

incremental interpretation. 

Certainly, there remains a question as to how a parallel parsing theory accounts for 

garden path effects. For example, consider the sentence The horse raced past the bam 

fell. If the parser attaches the verb raced as the verb of a main clause in one structure and 

the verb of a reduced relative clause in the other structure, a garden path effect should not 
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be expected. Thus, incremental interpretation poses a problem for parallel parsing theories 

as well as serial parsing theories. An adequate theory of parallel parsing must resolve this 

paradox. 

The second problem with serial parsing theories is that they are unlikely to explain 

efifects of nonsyntactic information on syntactic ambiguity resolution. Grain and Steedman 

(1985) argued that effects of nonsyntactic information on syntactic ambiguity resolution 

support parallel parsing. They considered two hypotheses about effects of context on 

syntactic ambiguity resolution; the strong interactive hypothesis and the weak interactive 

hypothesis. The strong interactive hypothesis is that context affects syntactic ambiguity 

resolution such that the parser proposes only a plausible interpretation. Grain and 

Steedman rejected this hypothesis because the parser cannot possibly propose a plausible 

interpretation without comparing alternative interpretations. Grain and Steedman noted 

that plausibility in particular is not the all-or-none criterion. Usually, one interpretation is 

more or less plausible than the other. In order to propose a plausible interpretation, the 

parser must propose alternative interpretations and then compare them. Having rejected 

the strong interactive hypothesis. Grain and Steedman proposed the weak interactive 

hypothesis. The weak interactive hypothesis is that context affects syntactic ambiguity 

resolution such that a plausible interpretation is chosen from the interpretations proposed 

by the parser. This hypothesis presupposes parallel parsing. 

Rayner et al. (1983) had attempted to explain effects of nonsyntactic information 

on syntactic ambiguity resolution in the framework of Frazier's (1979) theory. Rayner et 
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al. argued that there is a thematic processor in addition to a syntactic processor (see also 

Clifton & Ferreira, 1989; Frazier, 1987a, 1990a). The thematic processor operates 

independently of the syntactic processor. While the syntactic processor builds a single 

syntactic structure by using only syntactic information, the thematic processor examines 

alternative argument structures and chooses the most plausible of them by using various 

kinds of information, including the knowledge about the world and the knowledge about 

the context. If the thematic processor conflicts with the syntactic processor, the syntactic 

processor reanalyzes the sentence. Proponents of this theory argued that reanalysis 

accounts for effects of nonsyntactic information, such as plausibility (Rayner et al., 1983) 

and discourse context (Clifton & Ferreira, 1989). 

However, Rayner et al.'s (1983) theory contradicts with the linguistic premise that 

argument structures are linked to syntactic structures (e.g., the projection principle). It is 

implausible that alternative argument structures being examined by the thematic processor 

are not linked to the corresponding syntactic structures. In short, the theory of serial 

syntactic processing and the theory of parallel thematic processing are mutually 

inconsistent. In addition, if the thematic processor always has a priority over the syntactic 

processor, it is unclear why the syntactic processor is needed (see Steedman & Altmann, 

1989, for discussion). 

Crain and Steedman (198S) proposed a theory that explains how nonsyntactic 

information is used to resolve syntactic ambiguities. I will review their theory in the next 

section. 
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3.4 Parallel Parsing 

3.4.1 Grain and Steedman's Referential Theory 

Most theories of syntactic ambiguity resolution attribute garden path effects to a 

syntactic factor. Grain and Steedman (1985) presented a different view. They proposed 

the principle of a priori plausibility: 

(183) If a reading is more plausible in terms either of general knowledge about the 

world, or of specific knowledge about the universe of discourse, then, other things 

being equal, it will be favored over one that is not. (Grain & Steedman, 1985, p. 

330) 

Grain and Steedman (1985) reported Grain's experiments (from his unpublished 

dissertation) that found effects of plausibility and of discourse context on syntactic 

ambiguity resolution. The first experiment examined effects of plausibility. Sentences like 

those in (184) were used in the experiment. 

(184) 

a. The children taught by the Berlitz method passed the test. 

b. The teachers taught by the Berlitz method passed the test. 

Arguably, sentence (184a) is more plausible than sentence (184b) because the 

children are more likely to be taught than the teachers. The participants saw each sentence 

presented rapidly one word at a time (300 ms per word) and judged the grammaticality of 

the sentence. The results showed that more plausible sentences were judged as 
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grammatical more often than less plausible sentences. This finding indicates that 

plausibility affects syntactic ambiguity resolution. 

The second experiment examined effects of discourse context. Contexts like those 

in (185) and sentences like those in (186) were used in the experiment. 

(185) 

a. A psychologist was counseling a married couple. One member of the pair was 

fighting with him but the other one was nice to him. 

b. A psychologist was counseling two married couples. One of the couples was 

fighting with him but the other one was nice to him. 

(186) 

a. The psychologist told the wife that he was having trouble with her husband. 

b. The psychologist told the wife that he was having trouble with to leave her 

husband. 

This experiment is similar to Altmann and Steedman's (1988) experiment, 

described in the previous chapter. Actually, this experiment is original. Contexts (185a) 

and (185b) differ in the number of married couples. In context (185a), there is only one 

married couple, that is, one husband and one wife. In context (185b), there are two 

married couples, that is, two husbands and two wives. Sentences (186a) and (186b) differ 

in the type of embedded clause. In sentence (186a), the rAar-clause following the noun 

wife is a complement clause. In sentence (186b), the /Aa/-clause following the noun wife is 

a relative clause modifying the noun wife. Each of the sentences is locally ambiguous at 
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the word that. The "one-wife" context supports the complement clause interpretation 

because the NP the wife is specific enough to refer to the only wife in the discourse. On 

the other hand, the "two-wife" context supports the relative clause interpretation because 

the NP the wife alone is not specific enough to refer to one of the two wives in the 

discourse. To explain this mechanism. Grain and Steedman (1985) proposed the principle 

of referential success: 

(187) If there is a reading that succeeds in referring to an entity already established in the 

hearer's mental model of the domain of discourse, then it is favored over one that 

does not. (Grain & Steedman, 1985, p. 331) 

As in the first experiment, the participants saw each context and sentence 

presented rapidly one word at a time (550 ms per word) and judged the grammaticality of 

the sentence. The results showed that both types of sentences were judged as grammatical 

more often following supporting contexts than following nonsupporting contexts. This 

finding indicates that discourse context affects syntactic ambiguity resolution. 

There remains a question as to how people resolve syntactic ambiguities in null 

contexts. To answer this question. Grain and Steedman (1985) proposed the principle of 

parsimony: 

(188) If there is a reading that carries fewer unsatisfied but consistent presuppositions or 

entailments than any other, then, other criteria of plausibility being equal, that 

reading will be adopted as most plausible by the hearer, and the presuppositions in 
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question will be incorporated in his or her model. (Grain & Steedman, 1985, p. 

333) 

For example, consider sentence (186b), repeated below as (189). 

(189) # The psychologist told the wife that he was having trouble with to leave her 

husband. 

In a null context, sentence (189) causes a garden path eflfect because people prefer 

to take the //raZ-clause following the noun wife to be a complement clause. The principle 

of parsimony predicts that people prefer the complement clause interpretation because the 

complement clause interpretation is referentially more parsimonious than the relative 

clause interpretation. The complement clause interpretation presupposes the existence of 

only one wife, whereas the relative clause interpretation presupposes the existence of 

muhiple wives. 

Grain and Steedman (1985) noted that the principle of parsimony accounts for the 

classic garden path efiTect; 

(190) # The horse raced past the bam fell. 

The verb raced can be taken to be either the verb of a main clause or the verb of a 

reduced relative clause. The principle of parsimony predicts that people prefer the main 

clause interpretation because the main clause interpretation is referentially more 

parsimonious than the reduced relative clause interpretation. The main clause 

interpretation presupposes the existence of only one horse, whereas the reduced relative 

clause interpretation presupposes the existence of multiple horses. 
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Essentially, the principle of parsimony predicts that the postnominal modifier 

interpretation, as opposed to the main clause interpretation or the complement 

interpretation, entails a garden path efifect. This prediction cannot be supported (Gibson, 

1991). Consider the following sentences; 

(191) 

a. The monkeys chased out of the cage never returned. 

b. Is the block sitting in the box red? 

c. Is the block placed in the box red? 

d. Is the block in the box red? 

e. John told the man that kissed Mary that Bill saw Phil. 

f The report that the president sent to us helped us make the decision. 

In sentences (191a), the verb chased can be taken to be either the verb of a main 

clause or the verb of a reduced relative clause. The main clause interpretation is 

referentially more parsimonious than the reduced relative clause interpretation. Although 

the reduced relative clause interpretation turns out to be the correct interpretation, a 

garden path efifect does not result. Similarly, each of the other sentences in (191) has a 

word that can be taken to be a complement but turns out to be a postnominal modifier: 

sitting in (191b), placed in (191c), in in (191d), that (following man) in (191e), and that 

in (19 If). Nevertheless, none of the sentences cause garden path effects. 

Grain and Steedman's (198S) referential theory has been tested by a number of 

experiments with a variety of methods. Overall, the experimental findings have been 
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inconsistent (see chapter 2). Evidently, there are more factors involved in syntactic 

ambiguity resolution than referential factors. Grain and Steedman's theory is not 

necessarily wrong, but it is inadequate for accounting for the data. 

3.4.2 Gibson's Processing Load Units 

Grain and Steedman's (1985) theory seems like a serial parsing theory because the 

parser resolves a syntactic ambiguity immediately. It is classified as a parallel parsing 

theory because of the weak interactive hypothesis. However, what is normally expected 

fi-om a parallel parsing theory is the kind of parser that holds multiple structures even after 

the point of syntactic ambiguity. Such a parallel parsing theory invites the question as to 

how garden path effects occur. If the parser holds alternative structures, a garden path 

effect should not be expected. A solution to this problem was proposed by Gibson (1991), 

who developed an explicit theory of parallel parsing in the fi'amework of GB theory. 

Gibson (1991) divided parsing into two stages. At the first stage of parsing, the 

parser builds a syntactic structure (or syntactic structures) by using phrase structure rules. 

Gibson assumed left-comer parsing. There are different types of left-comer parsing 

(Abney & Johnson, 1991); I will describe them in chapter S. Gibson's assumption was that 

the parser hypothesizes a mother node as it encounters the head of the "first-daughter" 

node (i.e., the leftmost category of the right-hand side of the phrase structure rule). For 

example, by using IP -> NP I', the parser hypothesizes IP as it encounters N. Gibson also 

assumed that the parser hypothesizes X' and X in a top-down manner as it hypothesizes 

XP. For example, the parser hypothesizes I' and I as it hypothesizes IP. In addition. 
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Gibson distinguished thematic elements from Junctional elements (see Abney, 1987). 

Thematic elements include N, V, A, and P; functional elements include C and I. Gibson 

assumed that the parser hypothesizes thematic nodes in a top-down manner as it 

hypothesizes the functional element that selects the thematic element. For example, the 

functional element I selects a VP, so the parser hypothesizes VP, V, and V as it 

hypothesizes IP. It follows that the parser hypothesizes all the IP and VP nodes as it 

encounters N. Gibson also assumed that the parser uses subcategorization information in 

order to hypothesize nodes. He referred to hypothesized nodes as "H-nodes" and the other 

nodes as "C-nodes" (confirmed nodes). 

At the second stage of parsing, the parser associates each structure with 

processing load units (PLUs) in terms of lexical, syntactic, semantic, pragmatic, and 

discourse-level properties. Gibson (1991) assumed that there are memory limitations 

within which the parser can hold multiple structures. If the load difference between 

coexisting structures becomes large enough to exceed a "preference constant," the parser 

discards the structure with larger PLUs. A garden path effect resuhs if the discarded 

structure turns out to be the correct structure. 

Gibson (1991) proposed four kinds of PLUs in terms of syntactic properties. One 

of them was the property of thematic reception: 

(192) Associate a load of XTR PLUS to each C-node constituent that is in a position that 

can receive a thematic role in some co-existing structure, but whose 9-assignor is 

not unambiguously identifiable in the structure in question. (Gibson, 1991, p. 97) 
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The second property was the property of lexical requirement 

(193) Associate a load of XLR PLUS to each lexical requirement that is obligatory in some 

co-existing structure, but is satisfied by an H-node constituent containing no 

thematic elements in the structure in question. (Gibson, 1991, p. 97) 

Gibson (1991) suggested that the property of thematic reception and the property 

of lexical requirement are derived fi'om the 0-criterion and the projection principle, 

respectively. Gibson noted that his data are consistent with the assumption that the two 

properties are the same. He tentatively subsumed them under the property of full 

interpretation (i.e., octr = xlr = Xht). 

The properties of thematic reception and of lexical requirement account for the 

classic garden path effect; 

(194) # The horse raced past the bam fell. 

Gibson (1991) described the verb raced as two-way ambiguous; either an active 

intransitive verb attached as the verb of a main clause or a passive causative verb attached 

as the verb of a reduced relative clause. Apparently, he did not consider the third 

possibility that the verb is an active causative verb attached as the verb of a main clause. I 

will consider all the three possibilities shortly. The two structures examined by Gibson are 

shown in (195). The letter h denotes a hypothesized node. 

(195) 

a. [ip [NP the horse] [vp raced]] 

b. [IF [NP the horse [cp O [P [VP raced [NP /]]]]] [r h [VP /»]]] 
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Structure (19Sa) is associated with no PLUs because the NP the horse is assigned 

a 0-role, and the intransitive verb raced assigns its 6-role. Structure (19Sb) is associated 

with 2XINT PLUs because the NP the horse lacks a 6-role (i.e., XTR PLUS), and the operator 

also lacks a 9-role (i.e., XTR PLUS) before a chain is formed between the operator and the 

trace. Gibson (1991) assumed that PLUs are calculated before and after chain formation. 

Structure (19Sb) is associated with 2x\m PLUS before chain formation. The load difference 

between the coexisting structures is 2xt„t PLUs. Because this sentence causes a garden 

path effect, Gibson hypothesized that 2xbit PLUs exceed the preference constant at which 

the structure with larger PLUs is discarded. 

Gibson (1991) showed that the properties of thematic reception and of lexical 

requirement account for not only the presence of garden path effects in sentences like 

(194) but also the absence of garden path effects in sentences like those in (196). 

(196) 

a. The monkeys chased out of the cage never returned. 

b. The monkeys chased out of the cage a large group of rats. 

Consider the two structures processed at the verb chased: 

(197) 

a. [ip [NP the monkeys] [vp chased [NP A]]] 

b. [ip [NP the monkeys [cp O [IP [VP chased [NP /]]]]] [r h [vp /»]]] 

Structure (197a) is associated with JCht PLUs because the transitive verb chased 

lacks an NP complement (i.e., XLR PLUS). Structure (197b) is associated with 2x\m PLUS 
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because the MP the monkeys lacks a 6-role (i.e., XTR PLUS), and the operator also lacks a 

6-role (i.e., XTR PLUS) before chain formation. The load difference between them is Xht 

PLUs. Because this sentence does not cause a garden path effect, Gibson (1991) 

hypothesized that Xht PLUs are not large enough to exceed the preference constant. It 

follows that the preference constant lies between x^ PLUs and Zx^t PLUs. 

To my knowledge, Gibson's (1991) theory was the third to succeed in explaining 

the difference in processing difSculty between sentences (194) and (196a). The first was 

Chomsky and Lasnik's (1977) reasonable perceptual strategy, and the second was 

Pritchett's (1988) theta recmalysis constraint, which was later abandoned in favor of the 

on-line locality constraint (Pritchett, 1992). I am not aware of any other theory that can 

explain the difference in processing difiGculty between the two sentences. It is important to 

note that Chomsky and Lasnik's theory, Pritchett's two theories, and Gibson's theory all 

make use of lexical information. 

Gibson's (1991) theory also accounts for the absence of garden path effects in 

sentences like (198). 

(198) Sally found out the answer was in the book. 

Consider the two structures processed at the NP the answer: 

(199) 

a. [ip [NP Sally] [vp found out [NP the answer] jj 

b. [ip [NP Sally] [vp found out [cp [IP [NP the answer] [r h [VP A]]]]]] 
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Structure (199a) is associated with no PLUs. Structure (199b) is associated with 

Xht PLUs because the NP the answer lacks a 0-roIe (i.e., xtr PLUs). The load difference 

between them is Xbt PLUs, which are not large enough to exceed the preference constant. 

The third syntactic property was the property of thematic transmission: 

(200) Associate a load of xrr PLUs to each semantically null C-node category in a 

position that can receive a thematic role, but whose lexical requirement is currently 

satisfied by a hypothesized constituent containing no thematic elements. (Gibson, 

1991, p. 99) 

Semantically null categories include the complementizer that and the preposition 

of. Gibson (1991) assumed that a semantically null category must transmit a 6-role to a 

thematic element. Gibson proposed that the property of thematic transmission explains the 

difference in processing difficulty between sentences like (201a) and (201b). 

(201) 

a. # John told the man that Mary kissed that Bill saw Phil. 

b. John told the man that kissed Mary that Bill saw Phil. 

Sentence (201a) has an object relative clause; sentence (201b) has a subject 

relative clause. The former causes a garden path effect; the latter does not. Gibson (1991) 

described the word that following the noun man as two-way ambiguous; either the 

complementizer of a complement clause or the complementizer of a relative clause 

modifying the noun man. Actually, it is eight-way ambiguous. I will consider all the eight 

possibilities shortly. The two structures examined by Gibson are shown in (202). 
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(202) 

a. [ip [NP John] [vp told [NP the man] [cp that [IP h [vp A]]]]] 

b. [IP [NP John] [vp told [NP the man [cp O that [ jp  h  [VP A]]]] [cph[sph [vp A]]]]] 

Structure (202a) is associated with Xht + xrr PLUs because the complementizer 

that lacks an IP complement (i.e., xlr PLUs), and it also lacks a thematic element to which 

the 0-role is transmitted (i.e., xrr PLUs). Structure (202b) is associated with 3xi„t PLUs 

because the verb /o/c/lacks a CP complement (i.e., xlr PLUs), the complementizer that 

lacks an IP complement (i.e., XLR PLUs), and the operator lacks a 0-role (i.e., XTR PLUS). 

The load difference between them is 2xi„T - XTT PLUS, which are smaller than 2xi„t PLUs. 

Gibson (1991) hypothesized that they do not exceed the preference constant. 

Gibson's (1991) theory can account for the garden path effect in sentence (201a). 

Consider the two structures processed at the NP Mary: 

(203) 

a. [ip [NP John] [VP told [NP the man] [CP that [IP [NP Mary] [vp A]]]]] 

b. [ip [NP John] [VP told [NP the man [CP O that [IP [NP Mary] [vp A]]]] [CP ^ [IP A [vp 

/»]]]]] 

Structure (203a) is associated with xi„t PLUs because the NP Mary lacks a 0-role 

(i.e., Xtr PLUs). Structure (203b) is associated with 3xi„t PLUs because the verb /o/e/lacks 

a CP complement (i.e., XLR PLUs), the operator lacks a 0-role (i.e., XTR PLUS), and the NP 

Mary also lacks a 0-role (i.e., XTR PLUS). The load difference between them reaches 2xi„t 
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PLUs. As a result, structure (203b)—the one with an object relative clause—is discarded. 

A garden path effect results because it turns out to be the correct structure. 

Finally, the fourth property was the property of recency preference -. 

(204) The load associated with the structure resulting from attachment involving a(n) 

(thematic, arbitrary) H-node H on the stack = (number of more recent words that 

are associated with a matching (thematic, arbitrary) H-node) *XRP PLUS. (Gibson, 

1991, p. 130) 

Essentially, this property predicts that the parser prefers a recent thematic H-node 

to a distant thematic H-node and prefers a recent arbitrary H-node to a distant arbitrary H-

node. 

The property of recency preference accounts for the garden path effects in 

sentences like (205). 

(205) # After you drank the water was discovered to be polluted. 

Consider the two structures processed at the NP the water. 

(206) 

a. [ip [pp after [p [NP you] [vp drank [NP the water]]]] [IP h [VP /I]]] 

b. [ip [pp after [IP [NP you] [vp drank]]] [IP [NP the water] [r h [vp A]]]] 

Structure (206a) is associated with no PLUs. Structure (206b) is associated with 

J^int + JfRP PLUs because the NP the water lacks a 0-role (i.e., XJR PLUS), and it is attached 

to the distant thematic H-node (i.e., XRP PLUS). The load difference between them is XHT + 
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XRP PLUS. Because this sentence causes a garden path effect, Gibson (1991) hypothesized 

that Xbt + JfRp PLUs exceed the preference constant. 

The property of recency preference also applies to sentences like (207). 

(207) Tom said that Bill left yesterday. 

Consider the two structures processed at the yesterday : 

(208) 

a. [ip [NP Tom] [vp said [cp that [i? [NP Bill] [vp left yesterday]]]]] 

b. [ip [NP Tom] [vp said [cp that [ip [NP Bill] [vp left]]] yesterday]] 

Structure (208a) is associated with no PLUs. Structure (208b) is associated with 

XRP PLUS because the zuiv&ib yesterdc^ is attached to the distant arbitrary H-node. The 

load difference between them is XRP PLUS. Gibson (1991) hypothesized that XRP PLUs 

exceed the preference constant. 

Gibson's (1991) theory is probably the most successftil theory of syntactic 

ambiguity resolution. He examined a remarkably wide range of data, which are used in this 

study. However, Gibson's theory has a few problems. First, a garden path efifect does not 

necessarily resuh even if the load difiference between coexisting structures reaches 2xi„t 

PLUs, as shown in (209). 

(209) 

a. Is the block sitting in the box red? 

b. Is the block placed in the box red? 

c. Is the block in the box red? 
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For example, consider the two structures processed at the PP in the box in 

sentence (209c); 

(210) 

a. [cp is [ip [NP the block] [r [vp [PP in the box]]]]] 

b. [cp is [IF [NP the block [PP in the box]] [r [vp [AP /»]]]]] 

Structure (210a) is associated with no PLUs. Structure (210b) is associated with 

IXbA PLUs because the verb is lacks an AP complement (alternatively, an NP or PP 

complement; i.e., XLR PLUs), and the NP the block lacks a 0-role (i.e., XTR PLUS). As 

mentioned earlier, the verb be does not assign 6-roles in GB theory, which Gibson (1991) 

assumed. In sentence (209c), the NP the block is assigned a 9-role by the adjective red. 

The load difference between the two structures reaches 2x]m PLUs. Nevertheless, a garden 

path effect does not result. Similarly, in each of sentences (209a) and (209b), the load 

difference reaches 2xi„t PLUs before the adjective appears. 

It should be noted that there is a solution to the problem. If the verb be assigns 6-

roles (e.g., Jackendoff, 1983, 1990b; Pinker, 1989), the load difference between the two 

structures in (210) is Jiri„t PLUs, which are not large enough to exceed the preference 

constant. 

However, there is a more serious problem. Consider the following sentence; 

(211) The horse raced by the jockey fell. 

Bever, Sanz, and Townsend (1998) noted that sentence (211) is easier to 

understand than the classic garden path sentence, repeated below as (212). 
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(212) # The horse raced past the bam fell. 

The absence of garden path effects in sentences like (211) indicates that the 

reduced relative clause as well as the main clause is available after the verb. However, 

Gibson's (1991) theory incorrectly predicts garden path effects in both sentences (211) 

and (212). As mentioned, the verb raced is actually three-way ambiguous. Consider the 

three structures processed at the verb raced: 

(213) 

a. [ip [NP the horse] [vp raced]] 

b. [IF [NP the horse] [vp raced [N? A]]] 

c. [ip [NP the horse [cp O [IP [VP raced [NP /]]]]] [r h [VP A]]] 

Structure (213a) is associated with no PLUs. Structure (213b) is associated with 

xint PLUs because the active causative verb race</lacks an NP complement (i.e., XLR 

PLUs). Structure (213c) is associated with Ixba PLUs because the NP the horse lacks a 0-

role (i.e., XTR PLUs), and the operator also lacks a 0-role (i.e., XTR PLUS) before chain 

formation. Gibson (1991) did not compare more than two structures. However, if any two 

structures can be compared, then the load difference between structures (213 a) and (213 c) 

reaches 2xi„t PLUs. As a result, structure (213c) should be discarded. Nevertheless, a 

garden path effect does not occur in sentence (211). 

Another problem with Gibson's (1991) theory is that the property of thematic 

transmission is actually inadequate for accounting for the absence of garden path effects in 

sentences like (201b), repeated below as (214). 
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(214) John told the man that kissed Mary that Bill saw Phil. 

As mentioned, the word timt is eight-way ambiguous, as shown in (215). 

(215) 

a. [ip [NP John] [vp told [NP the man] [cp that [IP h [vp A]]]]] 

b- [ip [NP John] [vp told [NP the man] [cp [ip [NP that] [r h [vp A]]]]]] 

c. [ip [NP John] [vp told [NP the man] [cp [IP [NP [oet that] [N- A]] [r h [VP A]]]]]] 

d. [IP [NP John] [VP told [NP the man] [cp [ip [CP that [IP h [vp A]]] [r h [VP A]]]]]] 

E  [ I P  [ N P  John ]  [vp  t o ld  [ N P  t h e  man  [ cp  O t h a t  [ •>  h  [ vp  A] ] ] ]  [ C P  / »  [ I P  ̂  [ V P  h]]] ] ]  

f- [IP [NP John] [vp told [NP the man [cp O [ip [NP that] [r h [vp A]]]]] [cp /»[ip /»[vp 

A]]]]] 

g- [ip [NP John] [vp told [NP the man [cp O [•> [NP [oct that] [N- A]] [r h [vp /»]]]]] [cp h [p 

/'[vpA]]]]] 

h. [ip [NP John] [vp told [NP the man [cp 0 [ip [cp that [ip h [vp A]]] [r h [vp A]]]]] [cp h 

[ipA[vpA]]]]] 

Structure (215a) is associated with Xh, + xrr PLUs because the complementizer 

that lacks an IP complement (i.e., JCLR PLUS), and it also lacks a thematic element to which 

the 0-role is transmitted (i.e., xrr PLUs). Structure (215b) is associated with xi„t PLUs 

because the demonstrative pronoun that lacks a 0-role (i.e., XTR PLUS). Structure (215c) is 

associated with Xi„t + Xrr PLUs because the null complementizer lacks an IP complement 

that contains a thematic element (i.e., XLR PLUS), and it also lacks a thematic element to 

which the 0-role is transmitted (i.e., xrr PLUs). (The determiner that is not associated with 
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any PLUs. The properties of thematic reception and of lexical requirement do not apply to 

a determiner because it is neither assigned a 6-roIe nor required by a verb.) Structure 

(21Sd) is associated with 2xim + xtt PLUS because the null complementizer lacks an IP 

complement that contains a thematic element (i.e., JTLR PLUS), it also lacks a thematic 

element to which the 6-role is transmitted (i.e., Xrr PLUs), the complementizer that lacks 

an IP complement (i.e., XLR PLUs), and the sentential subject lacks a 0-role (i.e., XTR 

PLUs). Structure (215e) is associated with 3XIM PLUS because the verb told lacks a CP 

complement (i.e., XLR PLUS), the complementizer that lacks an IP complement (i.e., XLR 

PLUs), and the operator lacks a 6-role (i.e., XTR PLUS). Structure (215f) is associated with 

3xi„t PLUS because the verb /O/C/lacks a CP complement (i.e., XLR PLUS), the operator 

lacks a 6-role (i.e., XTR PLUS), and the demonstrative pronoun that also lacks a 0-role (i.e., 

XTR PLUS). Structure (215g) is associated with 3xi„t PLUs because the verb told lacks a CP 

complement (i.e., XLR PLUs), the null complementizer lacks an IP complement that 

contains a thematic element (i.e., XLR PLUS), and the operator lacks a 6-role (i.e., XJR 

PLUs). Finally, structure (215h) is associated with 5xi„t PLUs because the verb to/c/lacks a 

CP complement (i.e., X[.R PLUs), the null complementizer lacks an IP complement that 

contains a thematic element (i.e., XLR PLUS), the complementizer that lacks an IP 

complement (i.e., XLR PLUS), the operator lacks a 0-role (i.e., XTR PLUS), and the 

sentential subject also lacks a 6-role (i.e., XTR PLUS). 

Among the eight structures, the structure with the smallest PLUs is structure 

(215b) withxint PLUs. The structure that people actually prefer is structure (215e) in 
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which the word that is the complementizer of a relative clause. It is associated with 3xint 

PLUs. The load difference between them reaches Ixua PLUS. As a result, structure 

(215e)—the one that people actually prefer—should be discarded. 

Finally, there is a question as to how Gibson's (1991) theory accounts for effects 

of nonsyntactic information on syntactic ambiguity resolution. Gibson suggested that there 

are similar PLUs in terms of lexical, semantic, pragmatic, and discourse-level properties 

that account for effects of nonsyntactic information. However, it is unlikely that all kinds 

of properties are related to memory limitations. For example, people prefer a plausible 

interpretation probably because they think that it is plausible, not because they find an 

implausible interpretation to be more difficult to hold in memory than a plausible 

interpretation. Rather, it is likely that different levels of representation require different 

kinds of explanation. The lack of distinction between levels of representation is a marked 

feature of the currently popular theory of syntactic ambiguity resolution reviewed below. 

3.4.3 MacDonald, Pearlmutter, and Seidenberg's Constraint Satisfaction Model 

MacDonald et al. (1994a) proposed a constraint satirfaction model, which is a 

popular theory of syntactic ambiguity resolution today. In this model, MacDonald et al. 

assumed distributed representations (e.g., Hinton, McClelland, & Rumelhart, 1986). 

Distributed representations are used in the "connectionist" fi'amework. They consist of a 

large number of elementary units connected to one another like a network. Processing 

involves activating and inhibiting the units. In short, this process is very different fi^om the 

parser's building syntactic structures, as in the previous theories. In my view, today's 
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constraint satisfaction models are unappealing for a number of reasons. However, they are 

popular and hard to ignore. In this section, I will describe MacDonald et al.'s model and 

address several questions. 

MacDonald et al. (1994a) argued that there are similarities between lexical 

ambiguity resolution and syntactic ambiguity resolution. Lexical ambiguity resolution has 

been studied as actively as syntactic ambiguity resolution (see Simpson, 1984, 1994, for a 

review). MacDonald et al. particularly called attention to studies by Rayner and Dufiy 

(1986) and Dufi^, Morris, and Rayner (1988). Rayner and DufiEy presented the 

participants with equibiased words in neutral contexts. An equibiased word (e.g., punch) 

is an ambiguous word whose meanings are equivalently conmion. Rayner and Dufiy found 

that reading times for equibiased words were longer than those for unambiguous control 

words. This finding indicates that if multiple meanings are equivalently common, both 

meanings are accessed. Rayner and Dufiy also presented the participants with biased 

words in neutral contexts. A biased word (e.g., port) is an ambiguous word whose 

dominant meaning is much more common than the subordinate meaning. Rayner and 

Dufiy found that reading times for biased words were no longer than those for 

unambiguous control words. This finding indicates that if one meaning is much more 

common than the other meaning, only the dominant meaning is quickly accessed and 

integrated into the sentence. In a follow-up study, Du% et al. embedded equibiased words 

and biased words in biasing contexts. Each equibiased word was embedded in a context 

favoring either of the meanings. Each biased word was embedded in a context favoring the 
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subordinate meaning. Under the circumstances, reading times for equibiased words were 

no longer than those for unambiguous control words. Conversely, reading times for biased 

words were longer than those for unambiguous control words. These findings indicate that 

there is an interaction between lexical fi'equency and context. If a context favors one 

meaning of an equibiased word, that meaning is selectively accessed. If a context favors 

the subordinate meaning of a biased word, both dominant and subordinate meanings are 

accessed. MacDonald et al. argued that a context increases the activation of the 

contextually appropriate meaning. An equibiased word in a biasing context is equivalent to 

a biased word in a neutral context because a single meaning is activated. A biased word in 

a context favoring the subordinate meaning is equivalent to an equibiased word in a 

neutral context because both meanings are activated. 

MacDonald et al. (1994a) noted that fi'equency and context (particularly, 

plausibility) similarly affect syntactic ambiguity resolution. For example, Trueswell et al. 

(1994) found effects of animacy on syntactic ambiguity resolution. They used sentences 

like those in (216) (originally fiom Ferreira & Clifton, 1986). 

(216) 

a. The defendant examined by the lawyer turned out to be unreliable. 

b. The evidence examined by the lawyer turned out to be unreliable. 

Sentences (216a) and (216b) differ in the animacy of subject. Sentence (216a) has 

an animate subject; sentence (216b) has an inanimate subject. Trueswell et al. (1994) 

found that reading times for ^^'-phrases (i.e., the disambiguating region) were longer in 
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sentences with animate subjects than in sentences with inanimate subjects. Trueswell et al. 

explained the finding in terms of thematic relations. For example, the verb examine assigns 

two 6-roles; the agent and the patient. If the verb is attached as the verb of a main clause, 

it assigns the subject the agent role. If the verb is attached as the verb of a reduced relative 

clause, then it assigns the subject (to be accurate, the operator) the patient role. Trueswell 

et al. noted that the animate NP the defendant and the inanimate NP the evidence differ in 

the semantic (or thematic) fit. The animate NP the defendant is a "good agent" and 

relatively a "poor patient," whereas the inanimate NP the evidence is a "poor agent" and 

relatively a "good patient." The animate subject supports the main clause interpretation 

because it is a good agent and relatively a poor patient. Conversely, the inanimate subject 

supports the reduced relative clause interpretation because it is a poor agent and relatively 

a good patient. 

In another study, Trueswell et al. (1993) found effects of lexical fi'equency on 

syntactic ambiguity resolution. They used sentences like those in (217). 

(217) 

a. The student forgot the solution was in the back of the book. 

b. The student hoped the solution was in the back of the book. 

The verb forget is an NP-bias verb, a verb that is more likely to take an NP 

complement than a sentential complement. On the other hand, the verb hope is an S-bias 

verb, a verb that is more likely to take a sentential complement than an NP complement. 

Trueswell et al. (1993) found that reading times for the words in the disambiguating 
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region (e.g., was in the) were longer in sentences with NP-bias verbs than in unambiguous 

control sentences (e.g., TJie student forgot that the solution was in the back of the book). 

However, reading times for the same words were no longer in sentences with S-bias verbs 

than in unambiguous control sentences. These findings indicate that lexical fi'equency 

affects syntactic ambiguity resolution. 

MacDonald et al. (1994a) recognized that syntactic ambiguities stem fi-om lexical 

ambiguities. For example, in the sentences in (216), the verb examined can be either a past 

tense verb or a past participle. In sentence (217a), the verb forgot can be either a verb that 

takes an NP complement or a verb that takes a sentential complement. MacDonald et al. 

argued that syntactic ambiguity resolution is lexical ambiguity resolution. 

To explain that syntactic ambiguity resolution is lexical ambiguity resolution, 

MacDonald et al. (1994a) assumed distributed representations. MacDonald et al. showed 

that a verb consists of at least three levels of lexical representation; (a) tense morphology, 

(b) argument structure, and (c) voice. They gave the following examples (adapted from 

MacDonald et al., 1994a, p. 685); 



(218) examined; Tense Morphology 

Past 
Tense 

Past 
Participl( 

Active Transitive 

Argument Structure 
Passive 

Voice 

(219) raced; Tense Morphology 
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The verb examined, as shown in (218), is ambiguous at the levels of tense 

morphology and voice but unambiguous at the level of argument structure. The verb 

raced, as shown in (219), is ambiguous at all the three levels of lexical representation. The 

thin lines denote excitatory connections; the thick lines denote inhibitory connections. 

MacDonald et al. (1994a) assumed that "where syntactic constraints permit a relationship 

between t>vo types of information (e.g., passive and past participle, active and transitive), 

the connections are excitatory" (pp. 684-685) and that "where the granunar rules out a 

relationship between two alternatives (e.g., past tense and passive), the connection 

between the relevant units is inhibitory" (p. 685). 

MacDonald et al. (1994a) made a series of assumptions. They assumed that "all 

types of information in the lexicon are frequency coded" (MacDonald et al., 1994a, p. 

698) and that "frequency information is encoded by activation level" (MacDonald et al., 

1994a, p. 685). They also assumed that "just as a word has associated argument structures 

in its lexical entry, it will have associated X-bar structures" (MacDonald et al., 1994a, p. 

683). They argued that "with X-bar structures in the lexicon, it is possible to treat the 

entire process of constructing a syntactic structure as a matter of connecting X-bar 

structures to each other in the appropriate syntactically required manner" (MacDonald et 

al., 1994a, p. 683). Moreover, they argued that "like meanings, tenses, argument 

structures, and every other part of a lexical representation, X-bar structures are assumed 

to be activated in the course of processing" (MacDonald et al., 1994a, p. 686) and that 

"syntactic structures can be partially activated" (MacDonald et al., 1994a, p. 686). 
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Processing involves spreading activation over the connections of units. The 

activation of each unit changes depending on the excitatory or inhibitory signals that it 

receives from the connected units. MacDonald et al. (1994a) described disambiguation as 

a "winner-take-all" process. Disambiguation involves activating a unit and inhibiting all the 

other units at each level of lexical representation. 

MacDonald et al. (1994a) viewed the main clause/reduced relative clause 

ambiguity as ambiguities over five dififerent levels of lexical representation; (a) syntactic 

structure, (b) tense morphology, (c) voice, (d) argument structure, and (e) assignments of 

0-roles to NPs. The main clause syntactic structure, the past tense, the active voice, and 

the agent role (assigned to the subject) form a coalition of units, each of which supports 

the main clause interpretation. The other coalition of units is formed by the reduced 

relative clause syntactic structure, the past participle, the passive voice, the transitive 

argument structure, and the patient role, each of which supports the reduced relative 

clause interpretation. MacDonald et al. argued that there is an interaction between tense 

frequency and context. For example, the verb examined \s approximately equibiased at the 

level of tense morphology (i.e., past tense vs. past participle) and hence is not particularly 

biased toward either the main clause interpretation or the reduced relative clause 

interpretation. Therefore, a context, such as animacy, can be efifective in the ambiguity 

resolution (e.g., Trueswell et al., 1994). In a subsequent paper, MacDonald, Pearlmutter, 

and Seidenberg (1994b) noted that the verb raced is strongly biased at the levels of tense 

morphology and of argument structure. It is used as a past participle only 8% of the time 
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and as a transitive (causative) argument structure only 11% of the time. The probability of 

the verb raced both a past participle and a transitive argument structure is less than 

1%. Such a strong bias against the reduced relative clause interpretation may account for 

the classic garden path effect; The horse raced past the bam fell. 

There are a number of questions about MacDonald et al.'s (1994a) model. For 

example, it is unclear when exactly the patterns of activation settle into a single pattern. 

Presumably, the answer depends on the complex interaction among a variety of 

information. However, MacDonald et al.'s model does not predict garden path effects 

without answering this question. Recently, other proponents of constraint satisfaction 

models (e.g., McRae et al., 1998; Spivey & Tanenhaus, 1998) showed how each of the 

constraints on the resolution of the main clause/reduced relative clause ambiguity can be 

calculated. However, their models were designed to predict reading time differences 

between sentences of the same type, and they were not designed to predict (conscious) 

garden path effects. In addition, it is unclear how they can be extended to the other classes 

of syntactic ambiguities. I will not attempt to discuss the algorithms here. Rather, I will 

address questions about the following assumptions; (a) that all types of information in the 

lexicon are frequency coded, (b) that there are inhibitory connections between alternative 

argument structures, (c) that a syntactic structure is a connection of X-bar structures in 

the lexicon, and (d) that syntactic structures can be partially activated in the course of 

processing. 
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First, the assumption that all types of information in the lexicon are frequency 

coded is reasonable. However, the question is what types of information are in the lexicon. 

MacDonald et al. (1994a) assumed that a verb consists of at least three levels of lexical 

representation; (a) tense morphology, (b) argument structure, and (c) voice. Although 

there is evidence that inflected words as well as uninflected words are frequency coded 

(e.g., Alegre & Gordon, 1999), there is little evidence that verbs are frequency coded at all 

the three levels of lexical representation. In fact, all the evidence for effects of lexical 

frequency on syntactic ambiguity resolution can be seen as evidence for effects of lexical 

frequency at the level of argument structure. Apparently, Trueswell (1996) found effects 

of tense frequency (i.e., past tense vs. past participle). However, as suggested in chapter 2, 

there is a possibility that effects of lexical frequency (i.e., active vs. passive) are 

confounded with effects of tense frequency. It is a common assumption among 

contemporary linguistic theories that passive argument structures are separate from active 

argument structures. 

Second, the assumption that there are inhibitory connections between alternative 

argument structures is questionable. Originally, Feldman and Ballard (1982) used 

inhibitory connections to account for the alternative interpretations of the Necker cube, as 

shown in (220). 
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(220) 

/ 71 

7 7 
The perception of the Necicer cube is interesting. The figure switches fi'om one 

interpretation to the other. For example, if the bottom left-hand comer is perceived as the 

fi'ont, the top right-hand comer is perceived as the back. But if the top right-hand comer is 

perceived as the fi'ont, then the bottom left-hand comer is perceived as the back. In other 

words, the alternative interpretations are mutually exclusive. Feldman and Ballard (1982) 

hypothesized that competing coalitions of units (e.g., comer G closer than comer H vs. 

comer H closer than comer G) represent the altemative interpretations of the Necker 

cube. 

In language, scope ambiguities seem to have the same properties as visual 

ambiguities. Consider the following example once again; 

(221) Everybody loves somebody. 

As described earlier, sentence (221) is ambiguous in terms of scope relations. If 

everybody takes wide scope, the sentence means that everybody loves a different 

individual. But if somebody takes wide scope, then the sentence means that there is one 

particular individual that everybody loves. Thus, the altemative interpretations are 

mutually exclusive. 
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Similarly, referential ambiguities seem to be mutually exclusive. Consider the 

following example (from Jourdain, as cited in Quine, 1960, p. 135); 

(222) And Satan trembles when he sees 

The weakest saint upon his knees. 

In the second verse, the pronoun his refers to either the saint's or Satan's. These 

interpretations are mutually exclusive. 

However, lexical ambiguities and syntactic ambiguities are not necessarily mutually 

exclusive. Puns give people multiple simultaneous interpretations. Consider the following 

examples ((223a)-(223e) from Tyson & Mountain, 1982; (224) from a sitcom): 

(223) 

a. Why couldn't the leopard hide in the jungle? Because he was always spotted. 

b. What happens if you fail to pay an exorcist? You get repossessed. 

c. Why is Sunday the strongest day of the week? Because the others are week days 

(weak days). 

d. Why will you never starve in the desert? Because of the sand which is there (the 

sandwiches there). 

e. When does a joke become a father? When the punch line becomes apparent (a 

parent). 

(224) Woman; What's the difference between men and financial bonds? 

Man;.... (silence) 

Woman; Men don't become mature! 
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It is an open question how visual ambiguities, scope ambiguities, and referential 

ambiguities are resolved. However, puns pose a problem for the view that there are 

inhibitory connections between alternative word meanings and between alternative 

argument structures. Rather, syntactically ambiguous puns in particular support the weak 

interactive hypothesis; The parser simply proposes alternative interpretations, and if both 

are contextually appropriate, both can be accepted. 

There is experimental evidence against the view that there are inhibitory 

connections between alternative argument structures. McElree (1993) presented the 

participants with sentential fragments (e.g.. Bill thought John) rapidly word by word (300 

ms per word) on the center of a screen. Three-hundred ms after the final word of the 

sentential fragment, the participants head a warning tone. Two-hundred ms after the tone, 

they saw a "critical passage." The critical passage was a grammatical continuation that 

was consistent with a frequent argument structure (e.g., watched the), a granmiatical 

continuation that was consistent with an infrequent argument structure (e.g., watchedfor), 

or an ungrammatical continuation (e.g., watched has). (The verb watch is more likely to be 

transitive than intransitive.) The tone was repeated nine times at 300-ms intervals. While 

the critical passage remained on the screen, the participants made a judgment about the 

grammaticality of the critical passage every time they heard a tone. (They responded to the 

first tone by pressing a response key randomly.) McElree found that the accuracy in 

grammatical judgments on frequent argument structures increased from chance to terminal 

(or "asymptotic") level of performance more rapidly than the accuracy in grammatical 
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judgments on infrequent argument structures. This finding indicates that frequent 

argument structures are more accessible than infrequent argument structures. In addition, 

McElree found that the accuracy in grammatical judgments on infrequent argument 

structures also increased. This finding indicates that infrequent argument structures are not 

suppressed as frequent argument structures are accessed. It is inconsistent with the view 

that there are inhibitory connections between alternative argument structures. 

Third, the assumption that a syntactic structure is a connection of X-bar structures 

in the lexicon is questionable. In the concluding chapter of the book Parallel Distributed 

Processing, Norman (1986) noted that connectionist models are flawed because they do 

not distinguish tokens from types (see also Pinker, 1997; Pinker & Prince, 1988; for 

discussion). The token-type distinction is important because lexical entries represent types, 

not tokens. In fact, a lexical entry can be used to refer to distinct tokens. An example is 

shown in (225) (from Pinker, 1994). 

(22S) Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo. 

The word buffalo is three-way ambiguous; (a) Buffalo, a city in New York, (b) 

bison, or (c) to intimidate. Sentence (225) means that Buffalo buffalo (i.e., bison in 

Buffalo) that Buffalo buffalo intimidate in turn intimidate Buffalo buffalo. Certainly, this 

sentence is initially confijsing (I should mark it with #), but if an explanation is given, it is 

comprehensible. However, it is unclear how the sentence can be represented by a 

connection of X-bar structures in the lexicon. If X-bar structures are copied, then the 

process is virtually the same as head-driven parsing. Surely, sentence (225) is an extreme 



167 

example. However, it is not unusual that a lexical entry is used more than once in the same 

sentence to refer to distinct tokens. The assumption that a syntactic structure is a 

connection of X-bar structures in the lexicon is erroneous because it confuses the lexicon 

with computation. 

Finally, the assumption that syntactic structures can be partially activated in the 

course of processing is questionable. Activation and inhibition are the key features of 

distributed representations. MacDonald et al. (1994a) presented two arguments for 

distributed representations. First, they argued that distributed representations account for 

the interaction between frequency and context in lexical ambiguity resolution. However, 

there may be an alternative explanation. In her critical review of constraint satisfaction 

models, Frazier (199S) argued that a context affects the process of integrating a word 

meaning into the sentence (see also Rayner & Frazier, 1989). An equibiased word in a 

biasing context is equivalent to a biased word in a neutral context because a single 

meaning can be quickly integrated into the sentence. A biased word in a context favoring 

the subordinate meaning is equivalent to an equibiased word in a neutral context because a 

single meaning cannot be quickly integrated into the sentence. 

Second, MacDonald et al. (1994a) argued that distributed representations account 

for the fact that word meanings are not fixed but variable depending on the context in 

which they are used. For example, MacDonald et al. mentioned that the word pianos in 

Pianos are heavy can mean either furniture or performance by Artur Rubenstein. 

MacDonald et al. noted that "these phenomena seem to demand a different notion than 
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that of accessing meanings from memory" (MacDonald et al., 1994a, p. 679). They went 

on to argue that "an alternative is provided by the distributed representations used in 

connectionist networks" (MacDonald et al., 1994a, p. 679) and that "in a system using this 

type of knowledge structure, the meanings of words are not stored as separate entries and 

therefore cannot be accessed; rather, they are computed, with different patterns activated 

in different contexts" (MacDonald et al., 1994a, p. 680). 

However, it is unclear whether distributed representations account for the way in 

which the meanings of words are understood. Suppose that one is listening to music and 

hears someone saying, "The pianos are heavy." Under the circumstances, it is manifest that 

the word pianos is intended to refer to piano performance. Conversely, suppose that one 

is watching people moving pianos and hears them saying, "The pianos are heavy." Under 

the circumstances, it is manifest that the word pianos is intended to refer to furniture. 

Normally, communication involves intentional inference (Grice, 1975; Sperber & Wilson, 

199S). Although there are differences between literal meanings and nonliteral meanings, 

the differences only require different levels of representation (or different kinds of 

explanation). It is unclear whether they require variable patterns of activation over the 

connections of meaning features. 

Although MacDonald et al. (1994a) applied distributed representations to syntactic 

processing, vagueness is irrelevant to syntax. For example, the word pianos is syntactically 

a count noun. That information is all syntax needs and understands. It does not matter 

whether it refers to furniture or performance by Artur Rubenstein. And once the word 
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pianos is recognized as a noun, an NP can be fiilly projected. No matter how lexical 

ambiguities are resolved, it is plausible that parsing begins at the moment of lexical 

retrieval. If a word is recognized as a syntactic element, a syntactic structure can be fully 

built. 

It is also unclear whether distributed representations are needed to account for 

effects of frequency and of context on syntactic ambiguity resolution. Efifects of frequency 

may resuk from the parser projecting multiple syntactic structures in order of lexical 

frequency (at the level of argument structure). McElree's (1993) finding is consistent with 

this view. Effects of context may result from the person thinking that one interpretation is 

more plausible than the other (e.g.. Grain & Steedman, 1985). Neither effects of frequency 

nor effects of context require that syntactic structures be partially activated. The apparent 

interaction between frequency and context in syntactic ambiguity resolution may result 

from distinct stages of processing. 

It is di£Scult to disprove constraint satisfaction models on empirical grounds 

because they do not make clear predictions. However, if language is organized such that 

eveiy linguistic feature is connected to everything else, it is necessary to confront the 

network organization. I tried to argue that not all kinds of information are connected to 

one another. First, puns pose a problem for the view that there are inhibitory connections 

between alternative argument structures. Second, the token-type distinction requires that 

syntactic structures be disconnected from lexical entries. Third, effects of frequency and of 

context on syntactic ambiguity resolution do not necessarily require distributed 
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representations. Syntactic structures can be fully built no matter how frequent they are and 

how plausible they are. 

Although I disagree with proponents of constraint satisfaction models about the 

way in which nonsyntactic information affects syntactic ambiguity resolution, I agree with 

them that nonsyntactic information affects syntactic ambiguity resolution as soon as it 

becomes available. For that matter, I disagree with the proponents of serial parsing who 

maintain that only syntactic information is initially used to resolve syntactic ambiguities. In 

my view, proponents of constraint satisfaction models have contributed to methodological 

refinement. They have used the methods of controlling lexical bias and plausibility and 

thereby convincingly demonstrated immediate effects of nonsyntactic information on 

syntactic ambiguity resolution (e.g., Trueswell et al., 1993, 1994). However, distributed 

representations seem to be fraught with problems. 

3 .5 Desiderata and Agenda 

Various theories of syntactic ambiguity resolution have been proposed for the past 

30 years. However, they seem to be similar in their attempts to attribute garden path 

effects to a single factor: syntactic simplicity (Frazier, 1979), syntactic reanalysis (Gorrell, 

1995b; Pritchett, 1992), referential parsimony (Grain & Steedman, 1985), memory cost 

(Gibson, 1991; M. P. Marcus, 1980), lexical activation (MacDonald et al., 1994a), and so 

forth. The belief that there is a single principle that explains everything about syntactic 

ambiguity resolution is prevalent among researchers. What strikes me as extreme is Inoue 

and J. D. Fodor's (1995) minimal everything. J. D. Fodor (1998) described it as "the 
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general laziness tendency" (p. 292). She jokingly remarked that "this is not a strategy but a 

way of life" (J. D. Fodor, 1998, p. 292). I believe that there is considerable 

evidence—evidence for parallel parsing (e.g.. Grain & Steedman, 1985; Trueswell et al., 

1993, 1994) and evidence for multiple lexical access (e.g., Swinney, 1979; Tanenhaus, 

Leiman, & Seidenberg, 1979)—that minimal everything is wrong. Seriously, I doubt that 

there is a connection between people being lazy and parsing being serial. 

MacDonald et al. (1994a) concluded their paper with the following statement: 

More radically, our approach suggests that whereas there may be distinctly 
linguistic forms of representation^ the processing principles that account for 
language comprehension and ambiguity resolution are not specific to language at 
all. Rather, they seem to reflect general properties of memory, perception, and 
learning, properties that are involved in nonlinguistic domains as disparate as 
concept learning, pattern recognition, and decision making. The identification of 
general principles in these domains would therefore shed considerable light on the 
problem of language comprehension, (p. 700) 

However, it is unlikely that there are processing principles that explain everything. 

For example, considerable evidence suggests that cognitive development involves domain-

specific learning mechanisms (e.g., Carey & Gelman, 1991). General learning mechanisms, 

such as associative learning, are inadequate for accounting for cognitive development. 

I quoted J. D. Fodor (1998) and MacDonald et al. (1994a) because their views are 

strikingly different from mine. Although scientists are motivated to discover a single 

principle that explains everything, cognitive scientists are unlikely to find it. The mind is 

complex; it consists of multiple specifically designed cognitive mechanisms (e.g., H. 

Gardner, 1983; Pinker, 1994, 1997). In particular, language involves multiple levels of 

analysis. So does syntactic ambiguity resolution. The way in which lexical fi'equency 
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affects syntactic ambiguity resolution is likely to be different from the way in which 

plausibility affects syntactic ambiguity resolution. The way in which memory cost affects 

syntactic ambiguity resolution is likely to be different from the way in which 

presupposition affects syntactic ambiguity resolution. It is likely that there are various 

kinds of garden path effects that require different kinds of explanation. 

In the next two chapters, I will propose a theory of multiple parallel parsing. 

Multiple parsing consists of phonological parsing, syntactic parsing, and semantic 

parsing. Phonological parsing combines phonological elements into phonological phrases 

and then into phonological structures. Not surprisingly, there is considerable evidence that 

prosody affects spoken language comprehension (see Cutler, Dahan, & van Donselaar, 

1997, for a review). The claim here is that the parser organizes written sentences as if to 

speak. In conjunction with phonological parsing, syntactic parsing combines syntactic 

elements into syntactic phrases and then into syntactic structures, and semantic parsing 

combines semantic elements into semantic phrases and then into semantic structures. The 

three levels of linguistic representation are linked to each other, so they interact with each 

other. Multiple parsing is possible (in fact, necessary) because a phonological element, a 

syntactic element, and a semantic element all become available as a word is recognized. 

Parallel parsing consists of parallel projection parsing and parallel attachment parsing. 

Parallel projection parsing means that if a word is lexically ambiguous, the parser projects 

the corresponding phrases. Parallel attachment parsing means that if a phrase can be 

attached to more than one position in an existing structure, the parser pursues the multiple 
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attachments. Similarly, if there are coexisting structures, and if a phrase can be attached to 

each of them, the parser pursues the multiple attachments. 

This theory accounts for four stages of parsing; (a) "(ji-phrasing" (i.e., combining 

words into phonological phrases), (b) attachment (i.e., attaching a phrase to an existing 

structure), (c) thematic interpretation (i.e., interpreting thematic relations), and (d) clausal 

analysis (i.e., processing a sentence clause by clause). Syntactic ambiguities are resolved 

through the four stages of parsing. Clausal analysis is revived. The revival of clausal 

analysis does not mean a denial of word-by-word parsing. In fact, word-by-word parsing 

and clause-by-clause parsing are not mutually exclusive. Rather, they are distinct stages of 

parsing. In addition, <t>-phrasing entails phrase-by-phrase attachment. Therefore, this 

theoiy can be seen as word-by-word, phrase-by-phrase, clause-by-clause parsing. They are 

distinct stages of parsing. 

The overall framework is similar to JackendofiPs (1997, 1999) theory of grammar 

(see also JackendofiT, 1983, 1987a, 1990b, 1992). Jackendoff has argued that grammar 

consists of three components; phonological structure, syntactic structure, and conceptual 

structure. The three levels of representation are "representationally modular" (Jackendoff, 

1997), but they are computationally interactive because they are linked to each other. The 

present theoiy supports JackendofiT s theory. However, the relationship between grammar 

and processing is a controversial topic; I will discuss it in the final chapter. My theory is 

also eclectic. The structures that I assume are not exactly the same as those assumed by 
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Jackendoff. In the next chapter, I will describe the syntactic structures and semantic 

structures that I assume. I will describe phonological structures in chapter 5. 

The claim that language comprehension involves a continuous interaction between 

syntactic processing and semantic processing has been made by other researchers (e.g., 

Marslen-Wilson, 1975; Tyler & Marslen-Wilson, 1977). However, I am the first to present 

an explicit theory of interactive processing. In fact, proponents of serial processing—the 

view that syntactic processing precedes semantic processing—have complained about the 

lack of an explicit theory of interactive processing (e.g., Forster, 1979; Frazier, 1998). A 

theory of multiple parsing has been long overdue. 
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4 REPRESENTATION 

An explicit theory of representation is prerequisite for an explicit theory of parsing. 

In this chapter, I will describe Pinker's (1989) theory of lexical semantic structure and try 

to make refinements on it. I will also describe a theory of syntactic structure and make 

precise the correspondence between syntax and semantics. Finally, I will discuss 

implications that semantic structures have for parsing. Apparently, Pinker's theory is little 

known to the researchers in this field. In fact, I am not aware of any parsing theory using 

it. Because semantic structures may come as a surprise, I will describe why they are 

needed. In the view of psychologists, this chapter may be seen as "too linguistic." But 

without an explicit theory of representation, an explicit theory of parsing is unimaginable. 

4.1 Baker's Paradox 

Pinker (1989) proposed his theory to resolve "Baker's paradox." Baker's paradox 

refers to the question that was originally addressed by C. L. Baker (1979). C. L. Baker 

called attention to the fact that verbs can appear in more than one subcategorization 

fi-ame. For example, the verb a// appears with either an NP complement or an a/-PP 

complement, as shown in (226) ((226a)-(226b) fi-om Pinker, 1989). 

(226) 

a. Mary cut the bread. 

b. Mary cut at the bread. 

Similarly, the verb hit appears with either an NP complement or an a/-PP 

complement, as shown in (227) ((227a)-(227b) fi-om Pinker, 1989). 
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(227) 

a. Bill hit the dog. 

b. Bill hit at the dog. 

It seems to be a reasonable generalization that a verb that appears with an MP 

complement also appears with an a/-PP complement. One way to make such a 

generalization is to establish a lexical rule, which is used to derive one subcategorization 

frame from the other. For example, the lexical rule referred to as the "conative" alternation 

replaces an NP complement with an a/-PP complement. If children learn the conative 

alternation, they can infer that if a verb appears with an NP complement, it also appears 

with an a/-PP complement. 

However, the problem is that not all transitive verbs enter into the conative 

alternation. For example, the verb touch appears with an NP complement but does not 

appear with an af-PP complement, as shown in (228) ((228b) from Pinker, 1989). 

(228) 

a. Nancy touched the cat. 

b. *Nancy touched at the cat. 

The "contact locative" alternation distinguishes the verb hit from the verb cut, as 

shown in (229) and (230) ((229a)-(229b) and (230a)-(230b) from Pinker, 1989). 

(229) 

a. I hit the wall with the bat. 

b. I hit the bat against the wall. 
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(230) 

a. I cut the bread with the knife. 

b. *I cut the knife against the bread. 

The verb hit enters into the contact locative alternation, but the verb cut does not. 

C. L. Baker (1979) noted that if children make generalizations, they will make 

overgeneralization errors. However, parents do not regularly correct children's 

grammatical mistakes (Brown & Hanlon, 1970). In other words, parents do not give 

children negative evidence (i.e., information about what sentences are ungrammatical). 

Nevertheless, children learn to use verbs in appropriate syntactic contexts. How do 

children learn to alternate verbs? C. L. Baker addressed this question. Pinker (1989) called 

it Baker's paradox and proposed a solution for it. 

In embarking on his study, Pinker (1989) rejected three hypotheses. One is that 

parents give children "subtle" negative evidence, such as repeating ungrammatical 

utterances more often than grammatical utterances. Pinker noted that not all children are 

consistently given subtle negative evidence. Nevertheless, all children learn to speak a 

language perfectly. Hence, it is unlikely that subtle negative evidence is needed for 

children to learn a language (see G. F. Marcus, 1993; Pinker, 1989; for discussion). 

Second, Pinker rejected the hypothesis that children do not use lexical rules. If children do 

not use lexical rules, they will never make overgeneralization errors. In fact, C. L. Baker 

(1979) originally considered this possibility. Pinker showed that children do make 

overgeneralization errors. Third, Pinker rejected the hypothesis that there are syntactic 
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differences between alternating verbs and nonaltemating verbs. Pinker showed that 

syntactic differences are inadequate for distinguishing alternating verbs from 

nonaltemating verbs. 

Alternatively, Pinker (1989) argued that there are semantic differences between 

alternating verbs and nonaltemating verbs. Pinker showed that semantic structures are 

much more complex than the traditional argument structures. For example, the semantic 

structures of the verb cut is shown in (231) (adapted from Pinker, 1989, p. 199). 

(231) cut: EVENT 

ACT THING THING EVENT: identificational EVENT 
[(X)] [(Y)] 

GO THING PROPERTY ACT THING THING EVENT 
(Y) "cut" (X) (Z) 

GO THING PATH 
(Z) 

via PLACE through THING 
(Y) 

against THING 
(Y) 

The semantic structure in (231) reads "X (e.g., I) acts on Y (e.g., the bread), 

causing Y to become cut, by means of acting on Z (e.g., the knife), causing Z to go 

against and through Y." The bracketed positions are open arguments, in which real 
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argument appear. They are coindexed with parenthesized positions in which arguments 

reappear. 

There are two marked differences between Pinker's (1989) theory and the 

traditional theory of argument structure. First, Pinker's theory defines 6-roles as structural 

positions, whereas the traditional theory defines 6-roles as primitives drawn fi'om a fixed 

list. The traditional theory has been criticized because it is unclear how many 6-roles there 

are in the list and how precisely they are defined (e.g., Dowty, 1991; Rappaport & Levin, 

1988). Second, Pinker's theory allows an argument to appear in more than one position 

and hence bear more than one 6-role, whereas the traditional theory prohibits an argument 

fi'om bearing more than one d-role (e.g., the 6-criterion). 

Semantic structures explain why verbs enter into some alternations but not the 

others. For example, consider the contact locative alternation. The verb hit enters into the 

contact locative alternation, but the verb cut does not. In fact, "verbs of hitting" (e.g., hit, 

beat, elbow, kick, punch, poke, rep, slap, strike) enter into the contact locative 

alternation, but "verbs of cutting" (e.g., cut, slash, chop, hack, chip) do not (examples 

fi'om Pinker, 1989). Consider the following examples once again; 

(232) 

a. I hit the wall with the bat. 

b. I hit the bat against the wall. 

(233) 

a. I cut the bread with the knife. 
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b. *I cut the knife against the bread. 

The contact locative alternation requires that the instrument go against the object 

but have no specific effect on the object. Verbs of cutting do not fit into this alternation 

because they specify an effect on the object (e.g., causing the object to become cut). Verbs 

of hitting do not specify an effect on the object, so they can enter into the contact locative 

alternation. 

Both verbs of hitting and verbs of cutting enter into the conative alternation, but 

"verbs of touching" (e.g., touch, kiss, hug, stroke, contact) do not (examples fi-om Pinker, 

1989). 

(234) 

a. Bill hit the dog. 

b. Bill hit at the dog. 

(235) 

a. Mary cut the bread. 

b. Maiy cut at the bread. 

(236) 

a. Nancy touched the cat. 

b. *Nancy touched at the cat. 

The conative alternation requires that the instrument go against the object. Verbs 

of hitting and verbs of cutting fit into this alternation, but verbs of touching do not 

because they do not require a motion. This semantic difference is subtle but essential. For 
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example, consider the verb kiss, a verb of touching. Kissing typically involves a motion but 

does not require a motion. Pinker (1989) noted that "two teenagers can start kissing hours 

after their orthodontures have become accidentally entangled" (p. 108). Hence, the verb 

kiss does not enter into the conative alternation. 

I cannot possibly justify myself in summarizing Pinker's (1989) 400-page 

explanation in several pages. However, it should be clear that verb alternations are not 

arbitrary but semantically constrained (see also Levin, 1993). Lexical rules alter semantic 

structures by adding, deleting, or replacing semantic elements. A verb does not alternate if 

the meaning of the verb does not fit into the new semantic environment created by the 

lexical rule. 

4.2 Semantic Structures 

In resolving Baker's paradox. Pinker (1989) presented an explicit theory of 

semantic structure. Following Jackendofif (1983), Pinker assumed that there is a small set 

of conceptual constituents, such as EVENT, STATE, THING, PATH, PLACE, 

PROPERTY, and MANNER. In particular, he proposed that verbs are divided into four 

classes of predicates; GO, ACT, HAVE, and BE. Because the term predicate is so general 

as to be ambiguous, I will refer to them as "predicate elements." GO, ACT, HAVE, and 

BE are the "four elements" in the universe of verb semantics. Examples are shown below. 

I will fill open arguments with real arguments so that the structures can read more easily. 
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(237) go: EVENT 

GO THING PATH 
[(John)] [ ] 

to PL ^CE 

in THING 
(restaurant) 

The verb go is a GO. The semantic structure in (237) (i.e., John went into the 

restaurant) reads "John goes into the restaurant." GO is canonically an EVENT. The first 

argument of GO is the theme, and the second argument of GO is the goal. However, such 

6-role labels as the theme and the goal are "mnemonics" for the structural positions (see 

also Jackendoflf, 1987b, 1990b). The preposition into is decomposed into to and in 

(Jackendoff, 1983). 

(238) eat: EVENT 

ACT THING THING MANNER 
[(John)] [(doughnut)] "eating" 

The verb eat is an ACT. The semantic structure in (238) (i.e., John ate a 

doughnut) reads "John acts on a doughnut in an eating manner." ACT is canonically an 

EVENT. The first argument of ACT is the agent, and the second argument of ACT is the 

patient. 
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(239) have: STATE 

HAVE THING THING 
[(doughnut)] [(hole)] 

The verb have is a HAVE. The semantic structure in (239) (i.e.. The doughnut has 

a hole) reads "The doughnut has a hole." HAVE is canonically a STATE. 

(240) be: STATE 

BE THING PROPERTY 
[(doughnut)] [(round)] 

The verb be is a BE. The semantic structure in (240) (i.e., The doughnut is round) 

reads "The doughnut is round." BE is canonically a STATE. 

A verb that takes two complements consists of multiple predicate elements. Pinker 

(1989) considered four alternations; the dative, the locative, the causative, and the passive. 

I will show all of them because they are later needed to describe the data. 

There are two classes of dative alternations: the /o-dative alternation and the for-

dative alternation. The /o-dative alternation alternates the /o-dative construction with the 

double object construction, as shown in (241). 

(241) 

a. Mary gave a doughnut to John. 

b. Mary gave John a doughnut. 
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The ro-dative construction and the double object construction are nearly 

synonymous but not exactly synonymous. The double object construction has the 

possessor effect. The possessor effect refers to the fact that the referent of the first object 

is interpreted as the possessor of the referent of the second object. Because of the 

possessor effect, the double object construction cannot be used if the referent of the first 

object cannot be interpreted as the possessor. For example, consider the following 

sentences (originally fi'om Bresnan); 

(242) 

a. I sent the boarder a package. 

b. sent the border a package. 

c. I sent a package to the boarder. 

d. I sent a package to the border. 

Sentence (242a) is grammatical because the boarder can possess a package. On the 

other hand, sentence (242b) is ungrammatical because the border cannot possess a 

package. The to-dative construction does not have the possessor effect. Hence, both 

sentences (242c) and (242d) are granmiatical. 

Pinker (1989) was not the first to note that different subcategorization firames have 

different semantic properties (see the references cited in Pinker, 1989; see also Levin, 

1993). However, Pinker was one of the first to show that different subcategorization 

fi'ames have different semantic structures. Pinker showed that the /o-dative construction 

and the double object construction are semantically represented as follows: 
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(243) give; EVENT 

ACT THING THING 
[(Mary)] [(doughnut)] 

EVENT 

GO THING PATH 
(doughnut) [ ] 

to PLACE 

at THING 
(John) 

(244) give: EVENT 

STATE ACT THING THING 
[(Mary)] [(John)] 

HAVE THING THING 
(John) [(doughnut)] 

The /o-dative construction in (243) reads "Maiy acts on a doughnut, causing the 

doughnut to go to John." It consists of an ACT and a GO, linked by an "effect" relation. 

The THING doughnut plays a dual role: the second argument of ACT (i.e., the patient) 

and the first argument of GO (i.e., the theme). The double object construction in (244) 

reads "Mary acts on John, causing John to have a doughnut." It consists of an ACT and a 

HAVE, linked by an effect relation. The THING Jb/t/i plays a dual role: the second 
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argument of ACT (i.e., the patient) and the first argument of HAVE (i.e., the possessor). 

The HAVE component accounts for the possessor effect. 

The other class of dative alternation is theybr-dative alternation. It alternates the 

/or-dative construction with the double object construction, as shown in (245). 

(245) 

a. John baked a cake for Mary. 

b. John baked Mary a cake. 

Theybr-dative construction and the double object construction are semantically 

represented as follows; 

(246) bake: EVENT 

ACT THING THING 
[(John)] [(cake)] 

STATE 

HAVE THING THING 
[(Mary)] (cake) 

(247) bake; EVENT 

for/to means 

ACT THING THING STATE 
[(John)] [(Mary)] 

EVENT 

HAVE THING THING ACT THING THING 
(Mary) [(cake)] (John) (cake) 
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The ybr-dative construction in (246) reads "John acts on a cake in order for Mary 

to have the cake." It consists of an ACT and a HAVE, linked by a "for/to" relation. The 

double object construction in (247) reads "John acts on Mary, in order for Mary to have a 

cake, by means of acting on the cake." It consists of an ACT, a HAVE, and another ACT, 

linked by a for/to relation and a "means" relation. This double object construction differs 

from the previous double object construction in (244). Pinker (1989) assumed that the 

main predicate element of the^r-dative construction is demoted to the role of the means 

in the corresponding double object construction. 

The locative alternation alternates the /n/o/onto-locative construction with the 

wfYA-Iocative construction, as shown in (248). 

(248) 

a. Mary smeared jam onto the bread. 

b. Mary smeared the bread with jam. 

The w/ZA-locative construction has the holism effect, which refers to the fact that 

the referent of the direct object is interpreted as completely covered or filled by the 

referent of the object of the preposition mth. For example, sentence (248b) implies that 

the bread is completely covered by jam. The />i/o/on/o-locative construction does not have 

the holism effect. 

The //}/o/onto-locative construction and the u'/7A-locative construction are 

semantically represented as follows: 
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(249) smear: EVENT 

eflFect 

EVENT: locational ACT THING THING 
[(Mary)] [(jam)] 

PROPERTY GO 
semisolid 

THING PATH 
Oam) [ ] 

MANNER 
"smear" 

to PLACE along PLACE 

against THING against THING 
(bread) (bread) 
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(250) smear; EVENT 

means 

ACT THING THING EVENT: identificational EVENT 
[(Mary)] [(bread)] 

GO THING PROPERTY ACT THING THING EVENT: locational 
(bread) A (Mary) [(jam)] 

such STATE GO THING PATH MANNER 
(jam) [ ] "smear" 

GO THING PATH MANNER 
(jam) [ ] "smear" to PLACE along PLACE 

to PLACE along PLACE against THING against THING 
(bread) (bread) 

against THING against THING 
(bread) (bread) 

The oAi/o-Iocative construction in (249) reads "Mary acts on jam, causing the jam 

to go against and along the bread in a smearing manner." It consists of an ACT and a GO, 

linked by an efifect relation. Pinker (1989) proposed several "semantic fields," including 

the "locational." The w/YA-locative construction in (250) reads "Mary acts on the bread, 

causing the bread to attain the property of having jam smeared against and along the 

bread, by means of acting on the jam, causing the jam to go against and along the bread in 

a smearing manner." Essentially, it consists of an ACT, a GO, and another ACT, linked by 
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an effect relation and a means relation. The GO taking a PROPERTY accounts for the 

holism effect. Pinker assumed that the whole EVENT of the on/o-locative construction is 

demoted to the role of the means in the tf/z/i-locative construction (see also Rappaport & 

Levin, 1988). 

The causative alternation alternates the intransitive construction with the causative 

construction, as shown in (251). 

(251) 

a. The cup broke. 

b. The dog broke the cup. 

The causative construction has the directness effect, which refers to direct 

causation. Because of the directness effect, the causative construction cannot be used to 

express causation involving a chain of events. For example, sentence (25 lb) does not 

imply that the dog broke the cup by startling someone who was holding it. Similarly, the 

causative construction cannot be used to express causation mediated by a voluntary action 

or psychological process of the causee (e.g., laughing). Instead of the lexical causative, the 

periphrastic causative construction is used to express indirect causation, as shown in 

(252). 

(252) The dog made the children laugh. 

The intransitive construction and the causative construction are semantically 

represented as follows; 
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(253) break; EVENT; identificational 

GO THING PROPERTY 
[(cup)] "broken" 

(254) break; EVENT 

ACT THING THING EVENT; identificational 
[(dog)] [(cup)] 

GO THING PROPERTY 
(cup) "broken" 

The intransitive construction in (253) reads "The cup goes broken." The 

PROPERTY ("broken") is an implicit argument. The causative construction in (254) reads 

"The dog acts on the cup, causing the cup to go broken." Characteristically, the causative 

alternation increases the number of arguments by one. Pinker (1989) explained that the 

causative alternation involves embedding an ACT in either a GO or an ACT and making 

the first argument of the subordinate predicate element implicit. The implicit argument is 

coindexed with the second argument of the main predicate element ACT. 

Finally, the passive alternation alternates the active construction with the passive 

construction, as shown in (255). 

(255) 

a. John ate the doughnut. 

b. The doughnut was eaten. 
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The active construction and the passive construction are semantically represented 

as follows; 

(256) eat: EVENT 

ACT THING THING MANNER 
[(John)] [(doughnut)] "eating" 

(257) eaten; STATE; circumstantial 

BE THING 
[(doughnut)] 

EVENT 

ACT THING THING MANNER 
[(X)] (doughnut) "eating" 

The active construction in (256) reads "John acts on the doughnut in an eating 

manner." The passive construction in (257) reads "The doughnut is in a state where X acts 

on the doughnut in an eating manner." X is an implicit argument. Unlike the causative 

alternation, the passive alternation decreases the number of arguments by one. Pinker 

(1989) explained that the passive alternation involves embedding a BE in an ACT and 

making the two arguments of the ACT implicit. The second argument of the subordinate 

predicate element ACT (i.e., the patient) is coindexed with the first argument of the main 

predicate element BE. 
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4.3 The Grammatically Relevant Subsystem Hypothesis 

Pinker (1989) showed that semantic structures are built on a handful of semantic 

elements. Obviously, they are inadequate for representing all aspects of verb meanings. It 

is natural to wonder if Pinker's theory is justifiable. 

Pinker (1989) considered two hypotheses about lexical semantics; the unrestricted 

conceptual representation hypothesis and the grcmmatically relevant subsystem 

hypothesis. Pinker described McClelland and Kawamoto's (1986) connectionist model as 

an example of the unrestricted conceptual representation hypothesis. McClelland and 

Kawamoto assumed that words are associated with the binary values on feature 

dimensions. For example, the transitive verb eat is associated with the following values; 

• Is there an agent instigating the event? +yes, -no. 

• Is the verb causal? +yes, -no-cause, -no-change. 

• Does the agent, the instrument, both, or none touch the patient? -agent, -inst, 

+both, -none, -agent-is-patient. 

• What is the nature of the change that takes place in the patient? -pieces, -shreds, 

+chemical, -none, -unused. 

• What is the movement of the agent? -trans, +part, -none, -not-applicable. 

• What is the movement of the patient? +trans, -part, -none, -not-applicable. 

• What is the intensity of the action? +low, -high. 



194 

Pinker (1989) noted that these kinds of features are virtually limitless. He also 

pointed out that not ail conceptual elements are systematically encoded into verb meanings 

in natural languages (see Talmy, 1985). 

Alternatively, Pinker (1989) proposed the grammatically relevant subsystem 

hypothesis. The grammatically relevant subsystem hypothesis is that there is a small set of 

grammatically relevant semantic elements. Linguistic processes, such as verb alternations, 

are sensitive to the small set of semantic elements. A good example is the verb kiss. 

Although kissing typically involves a motion, it does not require a motion. Hence, the verb 

kiss does not enter into the conative alternation. Thus, the typicality of events is irrelevant 

to verb semantics. 

Pinker (1989) emphasized that his theory differs from the previous theory of 

lexical composition. The previous theory of lexical decomposition was an attempt to 

compose word definitions from smaller meaning elements. For example, the verb kill was 

defined as "cause to die." The previous theory was criticized on a variety of grounds (e.g., 

J. A. Fodor, 1970, 1975; J. A. Fodor, Garrett, Walker, & Parkes, 1980; J. D. Fodor, J. A. 

Fodor, & Garrett, 1975). For example, J. A. Fodor (1970) noted that original words and 

definitions are not exactly synonymous. He gave the following examples; 

(258) 

a. John caused Bill to die on Sunday by stabbing him on Saturday. 

b. *John killed Bill on Sunday by stabbing him on Saturday. 

Sentence (258a) is well formed, but sentence (258b) is not. 
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Another problem is that it is often unclear how deeply word meanings are 

decomposed. For example, the verb run may be defined as "locomote rapidly by moving 

the legs" or "locomote rapidly by flexing the hip, bending the knee, shifting one's weight, 

..." (examples fi-om Pinker, 1989). Anyone who attempts to decompose word meanings is 

likely to get lost in deep thought. 

There is lingering skepticism about the theory of lexical decomposition. However, 

Pinker explained that the grammatically relevant subsystem hypothesis is not an attempt to 

compose word definitions fi'om smaller meaning elements. 

Finally, Pinker (1989) emphasized that semantic structures are language specific 

and independent of conceptual structures. Pinker noted that the alternative view that 

semantic structures are conceptual structures (e.g., Jackendoff, 1983) is tantamount to the 

controversial hypothesis that people speaking different languages think differently (Whorf, 

1956). It should be noted that the "autonomy of lexical semantics" does not mean that 

lexical semantics is arbitrary. Cross-linguistic differences lie in borderline cases. For 

example, Pinker noted that there is a "universal continuum of lexical causativizability." In 

English, the verb break is lexically causativized (e.g.. The dog broke the cup), but the verb 

laugh is not. Nedyalkov and Silnitsky (1973) examined causative constructions in more 

than 100 languages and found that verbs like break are more likely to be lexically 

causativized than verbs like bum and boil. In no language, verbs like laugh are lexically 

causativized. These facts indicate that the kinds of events that are easily conceived as 

being externally caused are likely to be expressed by lexical causatives. 
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In his book about semantics, J. A. Fodor (1975) quoted T. S. Eliot, who said, 

"I've got to use words when 1 talk to you" (p. 99). Lexical semantics is a constraint on 

saying, not on thinking. Pinker (1989) highlighted this point, together with the essential 

difference between the grammatically relevant subsystem hypothesis and the unrestricted 

conceptual representation hypothesis, in the very last two paragraphs in his book: 

One striking property of the spatial metaphor in language is that it is a highly 
abstract and simple idealization. In this regard it contrasts with "frames" and 
"scripts," which are rich knowledge structures that summarize characteristic 
properties of events for use in common-sense probabilistic reasoning. When I think 
about a man filling a glass, many bits of knowledge about the participants come to 
mind; his goals and intentions, the typical kinds of physical manipulation and 
instruments he may use (e.g., a faucet), the path, rate, and shape of the water as it 
moves, what a typical glass looks like, and so on. But when I talk about the event, 
my grammatical choices are governed by a much more skeletal abstraction. The 
possibility of my saying He poured water into the glass hinges on a 
conceptualization of an undifferentiated mass following a trajectory characterized 
as downward and terminating at a place in the object, which itself is characterized 
only as something that has a cavity; its state before and after the motion are 
unspecified. On the other hand, in order to assemble He filled the glass, I must 
undergo a gestalt shift in which the glass shrinks down to a dimensionless point 
changing "position" in state space (from not full to full), with no concept of the 
physical motion of the water or the relation of its path to the geometric layout of 
the glass playing any role. A single script which listed defaults for both the typical 
effect on the glass and the typical motion of the water in a filling-scenario fails to 
make the distinction; we know that people are not confined to consulting such a 
script, because they do not say *pour the glass or *fill the water. 

The ability to adopt one of a set of cross-classifying schemas, each 
involving a sparse, precisely-structured idealization in which knowledge not 
schematized is simply not entertained, no matter how well-correlated or 
cognitively salient, is a crucial part of the logic of lexical semantics and 
generalization that resolved the leamability paradox considered in this book. I 
suspect that it is also a crucial property of the cognitive processes that allow such 
achievements as folk science and formal science, kinship and social structure, 
music and mathematics, ethics and law, notwithstanding the current enthusiasm in 
cognitive science for massive networks of probabilistic bits of real-world 
knowledge. But that is a story for another day. (pp. 372-373) 
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4.4 Linking Rules 

Pinker (1989) showed that semantic structures are independent of conceptual 

structures. Assuming that the grammatically relevant subsystem hypothesis is true, I will 

not worry about specifying grammatically irrelevant meaning features. Rather, I will worry 

at the problem of how semantic structures are linked to syntactic structures. 

There are two well-known hypotheses about linking rules, which are used to link 

arguments to syntactic positions. One hypothesis is that 0-role labels are ordered in a 

thematic hierarchy such that more highly ranked 6-role labels are linked to higher 

syntactic positions (e.g., Jackendoff, 1972, 1990b). For example, the agent is ranked as 

the highest in a thematic hierarchy so that it is linked to the highest syntactic position: the 

subject. If there is no agent (e.g., the passive construction), the patient can be linked to the 

subject position. The other hypothesis is that 6-role labels are always linked to identical 

syntactic positions. For example, the patient is linked to the object position whether it 

appears in the active construction or the passive construction. The patient in the passive 

construction is moved to the subject position by NP movement. The best known 

hypothesis of this kind is M. C. Baker's (1988) uniformity of theta assignment hypothesis 

(UTAH): 

(259) Identical thematic relationships between items are represented by identical 

structural relationships between those items at the level of D-structure. (M. C. 

Baker, 1988, p. 46) 
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Alternatively, Pinker (1989) proposed a simpler hypothesis: The first argument of 

the main predicate element is linked to the subject position; the second argument is linked 

to the object position; and if there is a third argument, it is linked to the second object 

position. Pinker's proposal is simpler than the others because it requires neither a thematic 

hierarchy nor 6-role labels. However, in Pinker's theory, the position of the third argument 

varies. For example, it occupies the first argument of the subordinate predicate element in 

the ̂ r-dative construction in (246) but the second argument of the subordinate predicate 

element in the /o-dative construction in (243). I suggest that linking rules are the simplest 

if the corresponding argument structure and VP are isomorphic. Let me pursue this 

possibility. 

Pinker (1989) showed that semantic structures have elements that are not 

expressed in syntactic structures. Only open arguments are linked to syntactic positions. 

Suppose that part of the semantic structure that has open arguments is the "argument 

structure." The other part is needed to resolve Baker's paradox. However, linking rules 

apply to only the argument structure. 

Suppose that there is no EVENT-STATE distinction. Jackendoff (1983) originally 

proposed that the EVENT-STATE distinction explains the difference in meaning between 

sentences like (260a) and (260b). 

(260) 

a. John went to the restaurant. 

b. The street goes to the restaurant. 
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In sentence (260a), GO is an EVENT. In sentence (260b), GO is a STATE. 

However, the EVENT-STATE distinction is independent of thematic relations. Whether 

GO is an EVENT or a STATE, it expresses the same thematic relations; "X goes to Y." 

Suppose that the EVENT-STATE distinction is not lexical (but tense morphological). If 

there is no EVENT-STATE distinction, the predicate element can become the head of the 

argument structure, as shown in (261). 

(261) go: GO* 

Elimination of the EVENT-STATE distinction from the lexicon is also economical. 

If a verb is represented as both an EVENT and a STATE (no matter which is canonical), 

the size of the verb lexicon can be doubled. Elimination of the EVENT-STATE distinction 

eliminates the possibility. 

Moreover, suppose that open arguments are asymmetrical, as in X-bar theory. 

Furthermore, suppose that the preposition into is semantically a PATH taking a THING 

GO THING PATH 
[(John)] [ ] 

to PLACE 

in THING 
(restaurant) 
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phrase. The argument structure in (261) can be changed into the following argument 

stmcture; 

(262) GO" 

THING' GO' 

A 
JOHN GO PATH* 

GO PATH THING' 

I A 
INTO RESTAURANT 

I will use capital letters to denote semantic elements so that semantic elements can 

be distinguished from syntactic elements. 

The argument structure in (262) is similar to the corresponding VP. In fact, they 

can be isomorphic. Consider the following syntactic structure; 

(263) Agr" 

As 

r 

T V" 

John Agr 

went P D' 

I A 
into the restaurant 
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I adopt the split Infl hypothesis (e.g.. Pollock, 1989) and the DP hypothesis 

(Abney, 1987). The functional element I is split into Agr (agreement) and T (tense). The 

functional element D (determiner) selects an NP. 

There are three marked differences between argument structures and syntactic 

structures. First, argument structures exclude modifiers, whereas syntactic structures 

include them. Second, argument structures exclude functional elements (e.g., C, Agr, T, 

D), whereas syntactic structures include them. Third, argument structures are clause 

bound, whereas syntactic structures are recursively embedded. Suppose that modifiers and 

functional elements are embedded in an argument structure. The functional elements C, 

Agr, and T are embedded in an argument structure. The functional element D is embedded 

in a THING. Modifiers can be adjoined to the maximal projection (Chomsky & Lasnik, 

1993), as shown in (264). 

(264) X" 

X" Modifier 

Specifier X' 

X Complement 

Grimshaw (1997) referred to CP as the extended projection of V (see also Abney, 

1987). Likewise, I refer to an argument structure in which modifiers and functional 

elements are embedded as an "extended argument structure." The syntactic structure in 

(263) corresponds to the following extended argument structure; 
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(265) 

sec Agr* Spec Aj 

r 

3sg T GO" 

I 
past D' GO' 

A 
JOHN GO PATH-

GO PATH D' 

A 
INTO THE RESTAURANT 

The corresponding argument structure and VP are isomorphic. The corresponding 

extended argument structure and syntactic structure are not necessarily isomorphic 

because a complex sentence consists of more than one extended argument structure but 

only one syntactic structure. The corresponding semantic elements and syntactic elements 

are not necessarily in the same positions. The first argument of the main predicate element 

is "moved" to the specifier of AgrP. If there is a wA-phrase, it is "moved" to the specifier 

of CP. If the predicate is an "auxiliary" predicate (i.e., BE or HAVE), it is "raised" to Agr 

via T. If the predicate is a "main" predicate, then an agreement and a tense are "lowered" 

to V. As described in the previous chapter, the difference in head movement explains why 

an adverb is preceded by a tensed auxiliary verb (e.g.. The dog has often bitten 

sandwiches) but followed by a tensed main verb (e.g.. The dog often bites sandwiches). It 

should be noted that such descriptions as movement, raising, and lowering may be 

misleading in language comprehension because the corresponding extended argument 
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structure and syntactic structure are concurrently active. Rather, semantic elements and 

syntactic elements may be better described as being "linked" to each other. 

My hypothesis is similar to the subject-in-VP hypothesis (e.g., Koopman & 

Sportiche, 1991; Sportiche, 1988). The subject-in-VP hypothesis is that the subject is 

generated in the specifier of VP at D-structure and moved to the surface subject position 

at S-structure. If argument structures are not flat (e.g., ctheme. goal>) but hierarchical, as 

in the present hypothesis, then the subject-in-VP hypothesis is virtually the same as the 

present hypothesis. 

There is a difference between extended argument structures and D-structure 

representations. Extended argument structures are clause-bound, whereas D-structure 

representations are recursively embedded. There is experimental evidence that functional 

elements are embedded in an argument structure. Bock and Cutting (1992) elicited 

subject-verb agreement errors by presenting the participants with sentential preambles and 

asking them to complete sentences. Bock and Cutting used short and long prepositional 

phrase preambles, as in (266), and short and long complement clause preambles, as in 

(267). Half of them had number-matching nouns, and the other half had number-

mismatching nouns. 

(266) 

a. The report of the destructive fire 

b. The report of the destructive fires 

c. The report of the destructive forest fire 
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d. The report of the destructive forest fires 

(267) 

a. The report that they controlled the fire 

b. The report that they controlled the fires 

c. The report that they controlled the forest fire 

d. The report that they controlled the forest fires 

There were three findings. First, not surprisingly, agreement errors were more 

fi'equent after number-mismatching nouns than after number-matching nouns. More 

interestingly, agreement errors were more frequent after phrases than after clauses. Even 

more interestingly, agreement errors were more fi-equent after long phrases than after 

short phrases but no more frequent after long clauses than after short clauses. Bock and 

Cutting (1992) explained that the unit of subject-verb agreement is a clause. If subject-

verb agreement is implemented clause by clause, a mismatching number in the other clause 

is unlikely to interfere with the process. It is also unlikely that the length of the other 

clause has an effect on the process. Bock and Cutting's findings support the view that 

functional elements (e.g., Agr) are embedded in an argument structure because it is an 

argument structures that is clause bound. 

The hypothesis that the corresponding argument structure and VP are isomorphic 

and hence identical in word alignment may be called the identity of word alignment 

hypothesis, namely, the IOWA. Actually, the IOWA should not imply precedence relations 
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because word order is syntactic, not necessarily semantic. There is no evidence that people 

think of words in order of saying them. 

Linking rules are ultimately simple if the IOWA applies to complex constructions. 

Consider the to-dative construction. Previously, researchers generally assumed that the to-

dative construction involves ternary branching. However, Larson (1988) proposed that the 

to-dative construction consists of two VPs, as shown in (268). 

(268) V" 

Maiy V 

D' 

A 
a doughnut V P' 

give P 

I 
to 

D' 

A 
John 

The verb is generated in the lower V and raised to the higher V by head 

movement. Here, and below, I will adopt the subject-in-VP hypothesis when I describe 

GB theory. 

Larson (1988) assumed that the double object construction is more complex than 

the to-dative construction, as shown in (269). 
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(269) V 

D' V 

A 
Mary V V" 

Spec V 

V D' 

A 
V D' a doughnut 

A 
give John 

The verb is generated in the lower V and raised to the higher V. The indirect 

object is generated in the complement of V. Larson (1988) assumed that the indirect 

object is not assigned Case in the double object construction because it has no preposition. 

(In the /o-dative construction, it is assigned Case by the preposition.) In order to pass the 

Case filter, the indirect object is moved to the specifier of the lower VP where Case is 

available. Larson suggested that the double object construction is similar to the passive 

construction. In both constructions, the object is not assigned Case at D-structure and is 

moved to a Case position at S-structure. 

The assumption that the indirect object is in a higher position than the direct object 

in the double object construction at S-structure was interesting because it helped solve the 

linguistic problem addressed by Barss and Lasnik (1986). Larson (1988) also supported 

the UTAH. In both the to-dative construction and the double object construction, the goal 

argument is linked to the object position; the identical position at D-structure. However, 

Jackendoff(1990a) noted that Larson's constructions do not conform to the UTAH 
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because the theme argument is linked to different positions. In reply, Larson (1990) 

proposed the relativized UTAH, which involved a thematic hierarchy. Both the /o-dative 

construction and the double object construction conform to the relativized UTAH because 

the theme argument is linked to a higher position than the goal argument in both 

constructions. 

Alternatively, Abney (1987) proposed that the double object construction consists 

of an VP and an "XP," as shown in (270). 

(270) V" 

Mary V 

give D 

John X 

a doughnut 

Abney (1987) described X as "a 'proto-verb' that corresponds to the 'have' part of 

the meaning of give, and assigns the two G-roles associated with that part of the meaning 

oigive, namely, the Goal (Possessor) and Theme roles" (p. 153). Certainly, Abney's 

proposal is parallel to Pinker's (1989). 

I propose that the IOWA applies to the double object construction, as shown in 

(271) and (272). 
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r 
ACT" 

past D' ACT' 

MARYACT HAVE" 

GIVE D* HAVE' 

A 
JOHN HAVE D' 

A 
A DOUGHNUT 

(272) 

Mary Agr 

gave D 

John V 

a doughnut 

The double object construction in (271) reads "Mary acts on John, causing John to 

have a doughnut." It consists of an ACT and a HAVE. 
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Similarly, I propose that the IOWA applies to the /o-dative construction, as shown 

in (273) and (274). 

(273) 

Spec 

Agr r 

ACT" 

past D' ACT 

A 
MARYACT GO" 

GO' 

r 

GIVE D' 

A 
A DOUGHNUT GO PATH* 

PATH 

JOHN 
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(274) 

Mary Agr 

gave D' 

A 
a doughnut V P' 

P 

I 
to 

D' 

A 
John 

The /o-dative construction in (273) reads "Maiy acts on a doughnut, causing the 

doughnut to go to John." It consists of an ACT and a GO. The GO takes a TO-PATH 

phrase. 

The IOWA implies that the second argument of the main predicate element and the 

first argument of the subordinate predicate element are identical. Pinker's i\9%9)for-

dative construction in (246) does not conform to the IOWA because it is represented as 

"X acts on Y in order for Z to have Y." Alternatively, I propose that the^r-dative 

construction conforms to the IOWA, as shovsm in (275) and (276). 
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past D' 

A 
JOHN ACT 

ACT-

BAKED' 

A 
A CAKE GO PROPERTV 

PROPERTY D' 

A 
FOR MARY 

(276) 

John Agr 

baked D' 

a cake V 
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Theybr-dative construction in (275) reads "John acts on a cake, causing the cake 

to attain the property of being for Mary." It consists of an ACT and a GO taking a FOR-

PROPERTY phrase. 

I assume that the double object construction corresponding to the^r-dative 

construction is the same as the double object construction corresponding the /o-dative 

construction, as shown in (277) and (278). 

(277) 

Spec 

Agr r 

ACT" 
r 

past D' 

A 
JOHN ACT 

ACT-

HAVE" 

BAKE D' HAVE' 

A 
MARY HAVE 

A CAKE 
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(278) 

John Agr 

baked D' 

A 
Mary V 

a cake 

The double object construction in (277) reads "John acts on Mary, causing Mary 

to have a cake." It consists of an ACT and a HAVE. 

The other constructions can conform to the IOWA. The w/o/owto-Iocative 

construction is shown in (279) and (280). 
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(279) 

Spec A| 

3sg T 

T-

ACT" 

past D' ACT' 

A 
MARYACT GO" 

I 
SMEAR D* GO-

A 
JAM GO PATH-

PATH D' 

A 
ONTO THE BREAD 

(280) Agr" 

D' 

A 
Mary Agr T-

T V" 

Spec V 

V V" 

smeared D' 

A 
jam 

V 

P' 

onto 

D' 

A 
the bread 
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The o/i/o-locative construction in (279) reads "Mary acts on jam, causing the jam 

to go onto the bread." It consists of an ACT and a GO taking an ONTO-PATH phrase. 

The wiY/r-locative construction is shown in (281) and (282). 

Spec Af 

Aj T* 

ACT" 

(281) 

past D' 

A 
MARYACT 

ACT-

SMEAR D' 

GO" 

A 
GO' 

THE BREAD GO PROPERTY-

PROPERTY D' 

WITH 
A 

JAM 
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(282) 

Mary Agr 

smeared D' 

A 
the bread V P' 

P 

I 
with 

D' 

A 
jam 

The w/7^-locative construction in (281) reads "Maiy acts on the bread, causing the 

bread to attain the property of being with jam." It consists of an ACT and a GO taking a 

WITH-PROPERTY phrase. Pinker (1989) suggested that the object in the w/Y/i-locative 

construction is construed as a "dimensionless point." The dimensionless point going to be 

with something should be adequate for accounting for the holism effect. 

The double object construction in (277) and the with-locative construction in (281) 

differ from Pinker's (1989) double object construction in (247) and wf/A-locative 

construction in (250). Pinker showed that the double object construction corresponding to 

the^r-dative construction consists of an ACT, a HAVE, and another ACT and that the 

w/YA-locative construction consists of an ACT, a GO, and another ACT. Pinker assumed 

that the for-dative alternation and the locative alternation involve demoting the main 
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predicate element or the whole EVENT to the role of the means. However, demotion 

implies markedness. Language acquisition data indicate that the double object 

constructions are not marked in relation to the dative constructions. Children produce 

both the double object constructions and the dative constructions at an early stage of 

language acquisition (Gropen, Pinker, Hollander, Goldberg, & Wilson, 1989; Pinker, 

1984). 

Markedness also seems to have difficulty with the fact that more than two 

constructions can be used alternatively. M. P. Marcus (1980) noted that the verb present 

can be used in the /o-dative construction, the double object construction, and the with-

locative construction, as shown in (283). 

(283) 

a. The judge presented the prize to the boy. 

b. The judge presented the boy the prize. 

c. The judge presented the boy with the prize. 

Pinker (1989) noted that the verb E-mail can be used in the /o-dative construction 

and the double object construction, as shown in (284). 

(284) 

a. I E-mailed the message to him. 

b. I E-mailed him the message. 

I found the verb E-mail used in the w/7A-locative construction, as shown in (285) 

(from Singh, 1997, p. 256). 
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(285) I would E-mail Andrew with a question. 

It is unclear which of the three is marked. Rather, it is conceivable that there is no 

markedness; The /o-dative construction is "X acts on Y, causing Y to go to Z," the double 

object construction is "X acts on Y, causing Y to have Z," and the w/Y/i-locative 

construction is "X acts on Y, causing Y to attain the property of being with Z." 

The IOWA applies to the causative construction, as shown in (286) and (287). 

(286) 

Spec A^ 

T' 

ACT" 

ACT' 

GO" 

past D' 

A 
THE DOG ACT 

BREAK D' GO' 

THE CUP GO PROPERTY' 

A 
"broken" 
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(287) 

the dog Agr 

broke D' 

the cup V 

The causative construction in (286) reads "The dog acts on the cup, causing the 

cup to go broken." It consists of an ACT and a GO. I will use the letter / to denote an 

implicit argument. 

The passive construction is shown in (288) and (289). 
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(288) 

Spec Af! 

Agr r 

(289) 

T 
3sg T BE" 

past D' BE' 

THE DOUGHNUT, BE PROPERTV 

BE PROPERTY ACT" 

pass D' 

A 
(X) ACT 

ACT' 

D' 

A 
EAT (THE DOUGHNUT)i 

ACT" 

D' 

A 
the doughnuti AJ f T' 

was T V" 

Spec V 

V A' 

V" 

D' 

A 
/ V 

V 

D' 

A 
eaten i, 
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The passive construction in (288) reads "The doughnut is in a state where X acts 

on the doughnut." X is an implicit argument. Abney (1987) proposed that a passive verb is 

an AP and that a passive feature (denoted by pass) is generated in A. Likewise, I assume 

that a passive argument structure is a PROPERTY phrase and that a passive feature is 

generated in PROPERTY. The passive feature is linked (or "lowered") to V at syntactic 

structure. The second argument of the ACT taken by the PROPERTY (i.e., the patient) is 

an implicit argument coindexed with the first argument of the main predicate element BE 

(i.e., the subject). 

The passive argument structure in (288) is markedly different fi'om the traditional 

passive argument structure, as shown in (290). 

(290) eaten: <patient> 

There are questions about the traditional passive argument structure. First, it is 

unclear what the patient without the agent means. The patient exists because there is an 

agent acting on the patient. Arguably, the passive argument structure has an implicit agent. 

However, the active construction and the passive construction are not exactly 

synonymous. There is a well-known example; 

(291) 

a. Beavers build dams. 

b. Dams are built by beavers. 

Sentence (291a) is a true statement, but sentence (291b) is not necessarily so. 

(Dams are built by humans, too.) 
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Although the subject is syntactically a position, it is functionally "what we are 

talking about" (Chafe, 1976, p. 43). This function is the determining factor in producing 

the passive construction. Suppose that someone asks, "What did John do?" It is strange to 

answer, "The doughnut was eaten by John," because John is what is being talked about 

(see Bolinger, 1975). If argument structures are actually used to encode and decode 

messages in terms of thematic relations, they must have subjects. For that reason, I am 

also skeptical about the hypothesis that "unaccusative" verbs as well as passive verbs have 

D-structure objects that are changed into S-structure subjects (e.g.. Levin & Rappaport 

Hovav, 1995). 

A few more constructions are needed to describe the data. The progressive 

construction is shown in (292) and (293). 

(292) ' " 

sf 

3sg T BE" 

past D' BE' 

A 
JOHNi BE PROPERTV 

BE PROPERTY ACT" 

prog D- ACT' 

A 
(JOHN)iACT D' 

A 
EAT THE DOUGHNUT 
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(293) 

John, Agr 

D' 

A 
eating the doughnut 

The progressive construction in (292) reads "John is in a state where John acts on 

the doughnut." I assume that a progressive argument structure is a PROPERTY phrase 

and that a progressive feature (denoted by prog) is generated in PROPERTY. The 

progressive feature is linked to V at syntactic structure. The first argument of the 

predicate element taken by the PROPERTY is an implicit argument coindexed with the 

first argument of the main predicate element BE (i.e., the subject). 

The perfective construction is shown in (294) and (295). 
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r 
HAVE" 

ores D' HAVE' 

A 
JOHN; HAVE PROPERTV 

HAVE PROPERTY ACT" 

perf D' 

A 
(JOHN)iACT 

ACT 

D* 

A 
EAT THE DOUGHNUT 

(295) Agr" 

Johrii Agr 

A 
eaten the doughnut 
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The perfective construction in (294) reads "John has a state where John acts on the 

doughnut" I assume that a perfective argument structure is a PROPERTY phrase and that 

a perfective feature (denoted by perf) is generated in PROPERTY. The perfective feature 

is linked to V at syntactic structure. The first argument of the predicate element taken by 

the PROPERTY is an implicit argument coindexed with the first argument of the main 

predicate element HAVE (i.e., the subject). Admittedly, the assumption that HAVE takes 

a PROPERTY phrase is very strange because the verb have does not take an AP. I 

tentatively assume this argument structure. 

Finally, there remains questions about embedded clauses. Rizzi (1990) proposed 

that embedded clauses are divided into four classes by vfA-features and predicative features 

generated in C, as shown in (296). 

(296) 

a. +wh -pred: I wonder what John ate. 

b. +w/} +pred; The thing which John likes is a doughnut. 

c. -wh +pred: The thing that John likes is a doughnut. 

d. -wh -pred; I think that John ate a doughnut. 

A wA-clause has a +wh feature; a /Aa/-clause has a -wh feature. A relative clause 

has a +pred feature; a complement clause has a -pred feature. I adopt this hypothesis. The 

sentence in (296d), for example, is represented by the following extended argument 

structures and syntactic structure; 
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(297) Agr" 

Spec A) 

A^ 

Isg T 

T' 

ACT" 

pres D' ACT' 

A 
I ACT C" 

THINK Spec C 

C 

~wh -pred 

(298) C" 

Spec C 

C Agr" 

THAT Spec 

Agr T T 
3sg T ACT" 

past D' ACT' 

JOHN ACT D' 

I A 
EAT A DOUGHNUT 
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(299) 

D' 

A 
I Agr r 

think Spec C 

that D' Agr" 

A 
John Agr T' 

D' 

A 
ate a doughnut 

I will not explore the IOWA any further. Pinker (1989) carefully remarked that 

"the system has many indeterminacies, arbitrary decisions, and areas of vagueness" (p. 

246). However, he showed that an explicit theory of lexical semantic structure is viable. 

The same self-criticism and optimism apply to the IOWA. The IOWA may not be needed 

to solve the present problem. However, I assume the IOWA in the following chapters. 
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4.5 Implications for Parsing and Interpretation 

Extended argument structures have implications for parsing and interpretation. 

First, a predicate element can be the unit of thematic interpretation. For example, consider 

the sentence gave Jokm a doughnut. As shown in (271), the double object 

construction consists of an ACT and a HAVE: "Mary acts on John, causing John to have a 

doughnut." Because of the lexical decomposition, the thematic relations can be interpreted 

incrementally by the predicate element. First, when the DP John appears, the main 

predicate element ACT is complete. It can be thematically interpreted as "Mary acts on 

John." Subsequently, when the DP a doughnut appears, the subordinate predicate element 

HAVE is complete. It can be thematically interpreted as "John has the doughnut." In the 

previous chapter, I mentioned a paradox; An independent clause is too large a unit to 

account for the garden path eflfect that resuhs from a misinterpretation at the first of two 

complements (e.g.. The performer sent the flowers was very pleased), whereas an NVN 

sequence is too small a unit to account for the garden path effect that results from a 

misinterpretation at the second of two complements (e.g., I put the candy on the table into 

my mouth). Predicate elements resolve this paradox. The main predicate element accounts 

for the former class of garden path effect; the subordinate predicate element accounts for 

the latter. In chapter 8,1 will show that thematic interpretation accounts for a variety of 

data. 
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Extended argument structures also have an implication for clausal analysis. An 

extended argument structure can be the unit of clausal analysis. Consider the following 

sentence; 

(300) Tom said that Bill left yesterday. 

Clausal analysis predicts that the ztAv&b yester<kiy must be attached as a modifier 

of the complement clause verb because the main clause is dismissed fi'om immediate 

memory as the complement clause begins. However, it is strange that a clause is dismissed 

fi'om immediate memory. A clause is part of the syntactic structure that is recursively 

embedded. On the other hand, an extended argument structure is clause bound. Therefore, 

it can be the unit of clausal analysis. In sentence (300), the main clause extended argument 

structure is dismissed fi'om immediate memory as the complement clause extended 

argument structure begins. In the next chapter, I will describe a theory of clausal analysis. 
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5 PARSING 

In this chapter, I will describe five parsing strategies and show that all of them 

have problems. Alternatively, I will develop a theory of multiple parallel parsing. 

5.1 Parsing Strategies 

There are right-branching and left-branching structures in language. Consider the 

following sentences (adapted from Pinker, 1994); 

(301) 

a. The rapidity of the motion of the wing of the hummingbird is remarkable. 

b. The hummingbird's wing's motion's rapidity is remarkable. 

Sentence (301a) has a right-branching subject, as shown in (302). 
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the N P' 

rapidity P D 

I 
of D N-

the N 

motion P remarkable 

of D 

the N 

wing P 

of D N 

the N 

hummingbird 

On the other hand, sentence (301b) has a lefl-branching subject, as shown in (303). 
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(303) 

D" Ai 

D" D' Agr r ^ f /\ 
D" D' D N- is T V" 

/\ I I /\ 
D' D' D N* poss N Spec V 

^ I I I ^ 
D N* D N* poss N rapidity V A' 

the N poss N motion's A 

hummingbird's wing's remarkable 

I adopt the hypothesis that a possessive phrase occupies the specifier of DP and 

that a possessive feature (denoted by poss) is generated in D (Abney, 1987). 

Although both sentences (30la) and (301b) are complex, they are not particularly 

difficult to understand. This fact indicates that the human parser can process both right-

branching and left-branching structures efficiently (Abney & Johnson, 1991; Gibson, 1991; 

Miller & Chomsky, 1963). An adequate theory of parsing must account for this fact. 

There are a variety of parsing strategies. Among them, two well-known parsing 

strategies are top-chwn parsing and bottom-up parsing (Abney & Johnson, 1991; Gibson, 

1991; Miller & Chomsky, 1963). Both top-down parsing and bottom-up parsing use 

phrase structure rules. The top-down parser projects a mother node before any of its 

daughter and descendent nodes. For example, suppose that the parser uses the phrase 

structure rule Agr" D' Agr*. The top-down parser projects Agr" before D' and Agr". The 

top-down parser processes sentence (301a), as shown in (304), and sentence (301b), as 
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shown in (305). The numbers next to the nodes and the branches indicate the order of 

node projections and attachments. I assume that nodes are connected to each other after 

they are projected. 

(304) 

the N' P' 
I 13 

rapidity P'^ D' 
17 19 

of D 

the N 

motion P 

of D 

Spec'® V' 
61 63 

remarkable 

the P'^^ 
I 37 

wing P^ 

of D 

hummingbird 
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rapidity 

motion's 

hummingbird's wing's remarkable 

It is likely that incomplete nodes (e.g., a mother node without a daughter node, a 

daughter node without a mother node) cost memory until they become complete. Hence, 

the top-down parser is efiBcient in processing right-branching structures but inefiBcient in 

processing left-branching structures (Abney & Johnson, 1991; Gibson, 1991; Miller & 

Chomsky, 1963). In structure (30S), the parser initially leaves six nodes incomplete; 

Agr"', D"^ D"'*, D"®, D'*, and D'^". In addition, in processing the left-branching subject, 

the parser must look ahead to the end of it (i.e., rapidity) in order to project the left-most 

node (i.e., D'") and its ancestor nodes (i.e., D"^ D""*, D"®, D'*). This strategy is unrealistic. 

The opposite of top-down parsing is bottom-up parsing. The bottom-up parser 

projects a daughter node before any of its mother and ancestor nodes. By using the pitrase 

structure rule Agr" -> D' Agr", the bottom-up parser projects D' and Agr* before Agr". The 

bottom-up parser processes sentence (301a), as shown in (306), and sentence (30lb), as 

shown in (307). 
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(306) 

the N' P 
36 37 

rapidity F D' 
I 33 34 

Spec*" V 
52 .XV 53 

i29 of N' 
I 30 

the N' P" 
27 

motion P" D" 
24 

remarkable 

of & N'^° 
21 22 

the N* P" 
18 

wing P' D" 

of D 

hummingbird 
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(307) 

D..15 0.22 1^28 j39 y.,48 

rapidity 43 

4 I I  44 

the poss motion's 

I I 
hununingbird's wing's remarkable 

In contrast to the top-down parser, the bottom-up parser is efficient in processing 

left-branching structures but inefficient in processing right-branching structures (Abney & 

Johnson, 1991; Gibson, 1991; Miller & Chomsky, 1963). In structure (306), the parser 

initially leaves 12 nodes incomplete: D', N^ P^, D', N', D\ N*, P', D'°, N", and 

An alternative to top-down parsing and bottom-up parsing is left-comer parsing. 

The left-comer parser projects a mother node after its first-daughter node and that 

daughter's descendant nodes (Abney & Johnson, 1991; Stabler, 1994; cf. Gibson, 1991). 

By using the phrase stmcture mie Agr" -> D' Agr", the left-comer parser projects Agr" as 

soon as D' is complete. There are two types of left-comer parsing: arc-standard left-

comer parsing and arc-eager left-comer parsing (Abney & Johnson, 1991). The term arc 

refers to branches. The two parsing strategies treat a second-daughter node differently. 

The arc-standard left-comer parser connects a second-daughter node to its mother node 

only after it is complete (i.e., its descendant nodes have all appeared). For example, by 
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using the phrase structure rule Agr" -> D' Agr*, the parser connects Agr* to Agr" after Agr* 

is complete. The arc-standard left-comer parser processes sentence (301a), as shown in 

(308), and sentence (301b), as shown in (309). 

(308) Agr""^ 

rapidity P' D' 

the isf 

of D'" N-
15 

the N" P' 
18 

motion P D 
21 37 

remarkable 

of D 

the 

wing P 

of D 

hummingbird 
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(309) 
39 — S9 

D' N-' N"^poss 

I 1^ I 1'^ I 
the Iv poss N'^ motion's 

hummingbird's wing's 

rapidity 

Spec"^ V'° 

V" A'" 
IS 54 

remarkable 

Like the bottom-up parser, the arc-standard left-comer parser is efficient in 

processing left-branching structures but inefficient in processing right-branching 

structures. In structure (308), the parser initially leaves 12 nodes incomplete; D'^ N*', P'*, 

The arc-eager left-comer parser connects a second-daughter node to its mother 

node as soon as it appears even if it is incomplete (i.e., its descendant nodes have not 

appeared yet). For example, by using the phrase structure rule Agr" D' Agr*, the arc-

eager left-comer parser connects Agr* to Agr" as soon as Agr* appears. The arc-eager left-

comer parser processes sentence (301a), as shown in (310), and sentence (301b), as 

shown in (311). 

D'", N-", P'", D'^, N-^, P'^, D'^, N^', and 
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(310) 

Spec" V" 

remarkable 

rapidity P D' 
I 14 19 

of N* 
I 18 

the N*" P 
22 

motion P^" D'^ 
26 

of D 

the N"" P' 
I 34 

wing P 

of D 

hummingbird 
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(311) .n38 

3yv^7 
D30 J^5 

36 
Dt2l 

W . . 
D" D'" K^poss N" 

'/\ 'yx' I r I 
D' N'^ D'° N'" poss rapidity 

" • 1 16 I 

•j44 ^"'•9 

'y\' 
Spec" V" 

54 yV 59 
•52 "^,57 

I" 
the Iv poss N'"* motion's A'® 

hummingbird's wing's remarkable 

The arc-eager left-comer parser is efficient in processing both right-branching and 

left-branching structures. In both structures (310) and (311), the maximum number of 

incomplete nodes is three (e.g., D'^, N*, and N*' at point 5 in both). However, this 

efficiency depends on the phrase structure. Stabler (1994) showed that if X* intervenes 

between X" and X, the arc-eager left-comer parser is inefficient in processing right-

branching structures, as shown in (312). 
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(312) 

rapidity F* 
9 

motion P 
18 

Wing... 

All the four parsing strategies described above use phrase structure rules. Head-

driven parsing (Pritchett, 1991) is exceptional. The head-driven parser projects nodes as it 

encounters their head. There are two ways to project VP nodes and inflectional nodes 
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(i.e., AgrP and TP). One is to project inflectional nodes after VP nodes in the manner of 

extended projection (Pritchett, 1991). The other is to project inflectional nodes before VP 

nodes (Abney & Johnson, 1991). Here I assume that the head-driven parser projects 

inflectional nodes after VP nodes in the manner of extended projection. The head-driven 

parser processes sentence (301a), as shown in (313), and sentence (301b), as shown in 

(314). 

(313) 

the NT P'' 
10 

Spec'' V^' 
46 65 

rapidity P" D 
14 19 

of D 

the N'" P 
22 

motion P'" D 
26 W 31 

remarkable 

of N-
30 

the P'" 
34 

of D'® 

hummingbird 
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rapidity 

the poss N*"* motion's A" 

hummingbird's wing's remaricable 

In both structures (313) and (314), the maximum number of incomplete nodes is 

five just as T' is projected (i.e., D'^ T^', T'" in (313); D"^*, V"'", T^^ T"^ 

in (314)). However, it is irrelevant to the processing of the right-branching and left-

branching subjects. Within the right-branching subject in (313), the maximum number of 

incomplete nodes is four (e.g., D'^ N'^ P*, and P'' at point 9). Within the left-branching 

subject in (314), the maximum number of incomplete nodes is also four (e.g., D'^, D"*\ 

N'^, and N*'' at point 15). Thus, the head-driven parser is efficient in processing both 

right-branching and left-branching structures. Alternatively, if the parser projects 

inflectional nodes before VP nodes, the maximum number of incomplete nodes is four in 

both structures (e.g., T', V, V", and Spec when Spec is projected). 

In sum, the arc-eager left-comer parser and the head-driven parser are efficient in 

processing both right-branching and left-branching structures. 
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An adequate theory of parsing must also account for garden path effects. For 

example, consider the difference in processing difficulty between sentences (3 ISa) and 

(315b) (from Phillips & Gibson, 1997). 

(315) 

a. # When the chef served the dessert the guests liked quite a lot the treaty was 

quickly settled. 

b. When the chef served the dessert that the guests liked quite a lot the treaty was 

quickly settled. 

In each of sentences (315a) and (315b), a relative clause modifies the noun dessert. 

Sentence (315a) causes a garden path effect because people prefer to take the DP the 

guests to be the subject of a main clause. On the other hand, sentence (315b) does not 

cause a garden path effect because people prefer to take the word that to be the 

complementizer of a relative clause. The difference between the two sentences is that the 

word that is absent in sentence (315a) but present in sentence (315b). One way to explain 

the difference in processing difficulty is to assume that the parser cannot project a CP 

node at the DP the guests but can project a CP node at the word that. If the parser can 

project a CP node, the parser can attach (adjoin) it as a relative clause, depending on the 

strategy that the parser uses. On the other hand, if the parser cannot project a CP node, 

the parser cannot attach it as a relative clause. 
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Consider how the five parsing strategies account for the data. The top-down 

parser can project a CP node and can attach it to the preceding noun in each of the 

sentences, as shown in (316) and (317). 

(316) 

the rr 

N" Spec'^ 

dessert O 

-wh +pred D'^° 

W 

I r 
the 

guests 

(317) 

the N 

N" Spec'^ 

dessert O 

that 

Similarly, the arc-eager left-comer parser can project a CP node and can attach it 

to the preceding noun in each of the sentences, as shown in (318) and (319). 
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(318) D'̂  

dessert O C 

D18 ]^22 

I I" 
the N^' 

I 
guests 

(319) D'^ 

dessert O C" 

that 

The arc-standard left-comer parser can project a CP node. However, the parser 

cannot attach it to the preceding noun in each of the sentences, as shown in (320) and 

(321). The dotted lines denote to-be-connected branches. 
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(320) 
3 

D' 

D" 

g 

the N*' 
I 6 11 

C" 10 

Spec' 

I ! 
dessert O 

14 

.12 

C 

23 

13 

-wh +pred D*'® 

II22 

D'5 N'" 
20 

the N'" 

guests 

(321) D'^ 

D' N' 

the N-' 
1 6  1 1  

1̂110 

N" Spec^ C 
14 

13 

dessert O .12 

that 

The bottom-up parser cannot project a CP node and cannot attach it to the 

preceding noun in each of the sentences, as shown in (322) and (323). 
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(322) D' 

D' N-

the C" 
14 

Spec' C* 

I I 
dessert O C Agr" 

-wh+pred D'" 

D' NT' 
10 

the N" 

I 
guests 

(323) p' 

B' N* 

the N'^ C" 
|4 

N' Spec' C 

dessert O C® 

that 

Finally, the head-driven parser can explain the difference in processing difficulty 

between the two sentences. The head-driven parser cannot project a CP node at the DP 

the guests, as shown in (324), but can project a CP node at the word that, as shown in 

(325). 
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(324) D'' 

the 
1 1 

dessert 

3 . 

D' N'^ 

1 1' 
the N* 

dessert 

to S. 14 

D* N<'2 

1 
113 

the N" 
1 
1 

guests 

(325) 

Spec" 

O C 

I 
that 

If the parser can project a CP node, as in (325), the parser can attach (adjoin) it to 

the preceding noun, as shown in (326). 

(326) D' 

D N' 

the N' 

N Spec 

dessert O 

that 

With hindsight, it is natural that the head-driven parser cannot project a CP node 

from the DP but can project a CP node from the complementizer. 

In sum, the head-driven parser is the most satisfactory of all. It can process both 

right-branching and left-branching structures efficiently and can explain the difference in 

processing difficulty between sentences like (315a) and (315b). 
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However, the head-driven parser has a problem. Consider the following sentence; 

(327) When the chef served the dessert which the guests liked quite a lot the treaty was 

quickly seined. 

In sentence (327), the w/t-pronoun which replaces the complementizer that. This 

sentence is as easy to understand as sentence (3 ISb). However, the head-driven parser 

cannot project a CP node at the w/r-pronoun, as shown in (328). 

(328) D'^ 

dessert which 

The if/t-pronoun is a DP. The head-driven parser cannot project a CP node from a 

DP. As a result, the head-driven parser cannot attach the wA-pronoun to the preceding 

noun. 

5.2 Spec-Head Agreement 

One solution is to assume that the parser exploits spec-head agreement. Chomsky 

(1986a) argued that there is an agreement relation between the specifier and the head. For 

example, the w^-phrase in the specifier of CP has the same w/r-feature as the w^-feature in 

C. If the parser can extract a u'/r-feature from the wA-pronoun which, the parser can 

project a CP node at the wA-pronoun, as shown in (329). 
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(329) D'̂  

D' L 
6 I 10 13 13 

the N* D' C" 

dessert which +wh 

Thus, the parser can attach the vf^-pronoun to the preceding noun. 

There are also spec-head agreement relations between the subject in the specifier 

of AgrP and the agreement feature in Agr and between the possessive phrase in the 

specifier of DP and the possessive feature in D. Accordingly, the parser can project an 

AgrP fi-om a subject, as shown in (330), and a DP from a possessive phrase, as shown in 

(331). 

(330) 

the 3sg 

rapidity 

(331) 

D' N'^ D' 

I I' I 
the I»r poss 

3 

hummingbird's 

However, this parser has a problem. 
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5.3 Pronominal Efifects 

Phillips and Gibson (1997) noted that there is a difference in processing difficulty 

between sentences like (332a) and (332b). 

(332) 

a. # When the chef served the dessert the guests liked quite a lot the treaty was 

quickly settled. 

b. Because Rose praised the recipe I made for her birthday it was worth all the effort. 

Sentence (332a) (which is the same as (315a)) causes a garden path effect, but 

sentence (332b) does not. Phillips and Gibson's (1997) experiment confirmed the 

judgments. Sentence (332b) poses a problem for the theory developed above. The parser 

cannot project a CP node at the DP / and hence cannot attach it to the preceding noun. 

Phillips and Gibson (1997) explained that the two types of sentences have different 

types of adverbials. Sentence (332a) has the temporal adverbial when\ sentence (332b) has 

the nontemporal adverbial because. Phillips and Gibson noted that a temporal adverbial 

imposes a "tense-matching constraint" on the subordinate clause and the main clause. 

They gave the following examples; 

(333) 

a. While John was eating his lunch, he was watching TV. 

b. *While John was eating his lunch, he watches TV. 

c. *While John was eating his lunch, he will be watching TV. 
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As shown in (333), the tense of the main clause must match the tense of the 

subordinate clause. On the other hand, a nontemporal adverbial does not impose the 

constraint. Phillips and Gibson (1997) gave the following examples; 

(334) 

a. Because John was eating a greasy sandwich at his desk, he was in trouble with his 

boss. 

b. Because John was eating a greasy sandwich at his desk, he is in trouble with his 

boss. 

c. Because John was eating a greasy sandwich at his desk, he will be in trouble with 

his boss. 

Phillips and Gibson (1997) argued that when the adverbial is temporal, the parser 

activates the tense feature in the inflectional node of the main clause as soon as it 

encounters a subordinate clause verb. Because the main clause is activated, the parser 

attaches the DP at the point of syntactic ambiguity to the main clause. 

Alternatively, Phillips and Gibson (1997) recognized that the two types of 

sentences have different types of nouns at the point of syntactic ambiguity. Sentence 

(332a) has the fiill noun phrase the guests; sentence (332b) has the pronoun /. In their 

experiment, Phillips and Gibson did not control types of nouns at the point of syntactic 

ambiguity. Eleven of the 12 temporal adverbial sentences had full noun phrases; 9 of the 

12 nontemporal adverbial sentences had pronouns. This difference seems to explain the 

difference in processing difficulty. I have replaced pronouns with fiill noun phrases in 
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Phillips and Gibson's nontemporal adverbial sentences, and they seem to cause garden 

path effects, as shown in (33S). 

(335) 

a. # Although the boy was afrad of the dog his brother annoyed in the park he tried 

to remain calm. 

b. # Because Fred was unhappy about the car his wife sold to the dealer at half price 

he never bought the same make of car again. 

c. # Although Gwen and Phil were proud of the vase their parents had obtained at a 

garage sale it wasn't really valuable. 

Conversely, I have replaced full noun phrases with pronouns in Phillips and 

Gibson's (1997) temporal adverbial sentences, and they seem to be easy to understand, as 

shown in (336). 

(336) 

a. After I watered the plant I neglected for many months it slowly recovered. 

b. When the collector displayed the painting he identified as a fraud the police were 

contacted. 

c. By the time the girls found the gifts they had wrapped for the party they were quite 

late. 

There are similar "pronominal effects" on the processing of center-embedded 

sentences. Doubly center-embedded sentences are notoriously difiScult to understand, as 

shown in (337) ((337a) from Chomsky & Miller, 1963; (337b) from KimbaU, 1973; (337c) 
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from Cowper, 1976; see also Abney & Johnson, 1991; Gibson, 1991, 1998; Lewis, 1996; 

Stabler, 1994; Yngve, 1960). 

(337) 

a. # The rat the cat the dog chased killed ate the malt. 

b. # The girl the man the boy saw kissed left. 

c. # The prisoner that the lawyer that the judge reprimanded defended likes peanut 

butter. 

However, Kac (1981) originally noted that if the third noun phrase is a pronoun, 

the doubly center-embedded sentence is considerably easy to understand. Examples are 

shown in (338) ((338a) from Kac, 1981; (338b) from Pinker, 1994; (338c) from Grosu, as 

cited in Kimball, 1975, p. 159). 

(338) 

a. The rat that the cat I saw chased squeaked. 

b. The policies that the students I know object to most strenuously are those 

pertaining to smoking. 

c. The guy whom the secretary we fired slept with is a real lucky dog. 

Recently, Gibson and Warren (as cited in Gibson, 1998) found that doubly center-

embedded sentences were judged as more acceptable when they had first- or second-

person pronouns than when they had proper names, full noun phrases, or third-person 

pronouns. Gibson and Warren used sentences like those in (339). 



256 

(339) 

a. The student who the professor who I collaborated with had advised copied the 

article. 

b. The student who the professor who Jen collaborated with had advised copied the 

article. 

c. The student who the professor who the scientist collaborated with had advised 

copied the article. 

d. The student who the professor who they collaborated with had advised copied the 

article. 

However, as Gibson (1998) noted, sentences with third-person pronouns may have 

been judged as less acceptable than sentences with first- or second-person pronouns 

because the third-person pronouns lacked discourse referents. 

Phillips and Gibson's (1997) finding supports the view that all pronouns (not only 

first- and second-person pronouns but also third-person pronouns) induce a preference for 

previous noun attachments. In their experiment, nine nontemporal adverbial sentences had 

pronouns, and eight of the nine had third-person pronouns. 

What is the difference between full noun phrases and pronouns? Phillips and 

Gibson (1997) noted that fiiU noun phrases and pronouns pick out different types of 

discourse referents. Full noun phrases pick out novel discourse referents; pronouns pick 

out existing discourse referents. Consider the sentences in (332), repeated below as (340). 
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(340) 

a. # When the chef served the dessert the guests liked quite a lot the treaty was 

quickly settled. 

b. Because Rose praised the recipe I made for her birthday it was worth all the effort. 

In each of the sentences in (340), the DP at the point of syntactic ambiguity can be 

attached as either the subject of a restricted relative clause or the subject of a main clause. 

Phillips and Gibson noted that a restrictive relative clause normally contains given 

information rather than new information. Phillips and Gibson suggested that a full noun 

phrase induces the main clause attachment because a restricted relative clause normally 

does not contain new information. On the other hand, a pronoun induces the relative 

clause attachment because a restricted relative clause normally contains given information. 

However, there is an alternative explanation. The difference between full noun 

phrases and pronouns lies in prosody. Full noun phrases are content words that are 

strongly stressed; pronouns are function words that are weakly stressed. 

5.4 Performance Structures 

Consider the following sentence; 

(341) When I read a sentence, I read it a chunk at a time. 

Abney (1991) noted that sentence (341) breaks up into the following "chunks": 

(342) [when I read] [a sentence] [I read it] [a chunk] [at a time] 

Gee and Grosjean (1983) proposed a theory of performance structure. In their 

theory, sentence (341) is represented by the following performance structure; 
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(343) I 

A 
A A 

when I read a sentence 

Words are combined into phonological phrases (<t>-phrases), and 4>-phrases are 

combined into intonational phrases (I-phrases). The corresponding syntactic structure and 

performance structure are not isomorphic. For example, the words read a sentence 

constitute a syntactic constituent (i.e., a VP), but they are divided at performance 

structure, as shown in (343). Gee and Grosjean (1983) defined a <t>-phrase as "in any 

syntactic phrase, all the material up to and including the head" (p. 433). Abney (1991) 

redefined a (|>-phrase by introducing the term major head. A major head is "any content 

word that does not appear between a function word/and the content word/ selects, OR a 

pronoun selected by a preposition" (Abney, 1991, p. 277). A prenominal adjective, such as 

bald in the bald man, does not qualify as a major head because it is a content word that 

appears between a function word and the content word selected by the function word. A 

(|>-phrase is generated by either "sweeping" a function word that selects a complement 

(e.g., a determiner, a preposition, a complementizer, an auxiliary verb) into the nearest 

major head in the direction of its complement or "sweeping" a function word that does not 

A A A  
I read it a chunk at a time 
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select a complement (e.g., a pronoun) into the nearest major head in the direction of its 

syntactic governor (e.g., a verb). A pronoun selected by a preposition is exceptionally 

treated as a major head. (Hence, Abney's definition has "OR" in it.) This special treatment 

is needed because a PP consisting of a preposition and a pronoun functions as a <t>-phrase 

even though neither the preposition nor the pronoun is a content word. 

Suppose that the parser combines words (phonological elements) into (t»-phrases. 

The parser combines the words in sentence (332b) into the following ()>-phrases; 

(344) because Rose] [4 praised] [4 the recipe] I made] [4 for her birthday] [4 it was 

worth] [4 all the effort] 

In addition, suppose that the parser combines syntactic elements into syntactic 

phrases and semantic elements into semantic phrases such that they correspond to the (t>-

phrases. At the (|>-phrase /mot/e, the parser can project a CP node in the manner of 

extended projection, as shown in (345). 
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-wAlpred D' 

A 
I Agr r 

Thus, the parser can attach the CP to the preceding noun. 

Sentences (3 IS a), (315b), and (327) are similarly divided into ({i-phrases, as shown 

in (346). 

(346) 

a. [4 when the chef] [4 served] the dessert] the guests] [4 liked] quite] a lot] 

[4 the treaty] [4 was quickly settled] 

b. [4 when the chef] [4 served] [4 the dessert] [4 that the guests] [4 liked] [4 quite] [4 a 

lot] [4 the treaty] [4 was quickly settled] 

c. [4 when the chef] [4 served] [4 the dessert] [4 which the guests] [4 liked] [4 quite] [4 

a lot] [4 the treaty] [4 was quickly settled] 

In (346a), the parser cannot project a CP node at the ()i-phrase the guests and 

hence cannot attach it to the preceding noun. In (346b), the parser can project a CP node 
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at the (t»-phrase that the guests and hence can attach it to the preceding noun. In (346c), 

the parser can project a CP node at the (|>-phrase which the guests (in the manner of spec-

head agreement projection) and hence can attach it to the preceding noun. Thus, this 

theory can explain why people prefer to take a clause following a subordinate clause to be 

a relative clause if it begins with a complementizer, a vf/r-pronoun, or a pronoun, but not 

with a full noun phrase. 

5.5 Multiple Parallel Parsing 

I propose a theory of multiple parallel parsing. Multiple parsing consists of 

phonological parsing, syntactic parsing, and semantic parsing. I assume that multiple 

parsing involves the phonological structures described above and the syntactic and 

semantic structures described in the previous chapter. It is possible that phonological 

parsing involves more elaborate phonological structures, such as metrical structures (e.g., 

Selkirk, 1984). However, as shown in the next chapter, I have found only effects of (ji-

phrasing on written language comprehension. I have not found effects beyond (|>-phrasing. 

(t>-Phrases serve the present purpose. Multiple parsing is possible because a phonological 

element, a syntactic element, and a semantic element all become available as a word is 

recognized. Multiple parsing is a consequence of lexical retrieval. 

Multiple parsing accounts for four stages of parsing; (a) (|>-phrasing, (b) 

attachment, (c) thematic interpretation, and (d) clausal analysis. 
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5.5.1 ()>-Phrasing 

The first stage of parsing is i|>-phrasing. The parser combines words into (t>-phrases. 

<|>-Phrasing functions as delay parsing. Following M. P. Marcus (1980), I assume that the 

parser has a stack and a buffer. The buffer holds local <t»-phrases, syntactic phrases, and 

semantic phrases; the stack holds global phonological structures, syntactic structures, and 

semantic structures. In chapter 3,1 showed that the number of constituents or words held 

in the buffer cannot be linked to garden path effects. The claim here is that a class of word 

(i.e., function words) held in the buffer can be linked to garden path effects. 

(|)-Phrasing requires that the parser look ahead for one word. The look-ahead is 

needed to see the end of a (|)-phrase. For example, consider the words the garden. They 

constitute a ({i-phrase. Now consider the words the garden path. They constitute a <i>-

phrase. If the word sentence follows, the words the garden path sentence constitute a (|)-

phrase. Thus, in order to combine words into a ((i-phrase, the parser must look ahead for 

one word. Hence, there are more than one cell in the buffer. The first cell holds a (|)-

phrase, and the second cell holds a word excluded from the preceding (t>-phrase. Language 

is ambiguous at multiple levels of analysis, and phonological structure is no exception. To 

resolve ()>-phrasing ambiguities, the parser needs more than two cells. (The last cell always 

hold a word excluded from the preceding (t>-phrase.) In the next chapter, I will describe 

how (t)-phrasing ambiguities are resolved. 
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In conjunction with (t>-phrasing, the parser projects syntactic phrases and semantic 

phrases. I assume that the parser projects nodes maximally up to the maximal projection, 

the extended projection, or the spec-head agreement projection. The maximal projection 

of X is XP. The extended projection of V is CP. The extended projection of N is DP. The 

spec-head agreement projection of a H'A-phrase is CP. The spec-head agreement projection 

of a subject is AgrP. The spec-head agreement projection of a possessive phrase is DP. 

For example, consider the (j)-phrase the garden. The parser projects the following syntactic 

phrase and semantic phrase in the manner of spec-head agreement projection; 

THE THING 3sg 

GARDEN 

The semantic phrase in (348) diverges from the description given in the previous 

chapter. The subject THE GARDEN should occupy the "base" position (i.e., the specifier 

of the main predicate element) rather than the specifier of AgrP. I assume that it is linked 

(347) 

the N 3sg 

garden 

(348) 

D THING A] 
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to the base position when a verb appears. This assumption is reasonable because the 

corresponding syntactic structure and extended argument structure are concurrently active 

in language comprehension. Because the corresponding syntactic structure and extended 

argument structure coexist, a "moved" element can be seen as occupying two positions 

linked by a chain. 

When the parser projects a VP, the parser can hypothesize arguments (denoted by 

h), as shown in (345). I assume parallel projection parsing. If a word is lexically 

ambiguous, the parser projects the corresponding phrases. Considerable evidence suggests 

that if a word is ambiguous, the multiple meanings are automatically accessed (e.g., 

Swinney, 1979; Tanenhaus et al., 1979; see Simpson, 1984, 1994, for a review). Like 

Gibson (1991), I assume that if a word has multiple argument structures, they are 

automatically accessed. McElree's (1993) finding, described in chapter 3, supports this 

view. 

5.5.2 Attachment 

The second stage of parsing is attachment. The parser attaches a phrase (or 

phrases) in the buffer to the preceding structure (or structures) in the stack. I assume 

parallel attachment parsing. If a phrase in the buffer can be attached to more than one 

position in the preceding structure in the stack, the parser pursues the multiple 

attachments. The other opportunity for parallel attachment appears when there are more 

than one structure in the stack. If a phrase in the buffer can be attached to each of the 

coexisting structures, the parser pursues the multiple attachments. 
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I assume that parallel attachment requires copying the structure involved (see also 

Gibson, 1991). In order to attach a phrase to more than one position in the preceding 

structure, the parser copies the preceding structure. In order to attach a phrase to each of 

the coexisting structures, the parser copies the phrase. The implication of this assumption 

is unclear. Although copying seems to be computationally expensive, it may be done. I 

only make this assumption explicit. 

Attachment may involve pmning nodes (see also Gibson, 1991). For example, 

consider the AgrP the garden in (347). If it is attached as a DP (e.g., the object of a verb), 

the AgrP nodes are unnecessary. In that case, the parser prunes the AgrP nodes. Similarly, 

the CP nodes projected from a verb in the manner of extended projection, as in (345), are 

pruned if the verb turns out to be the verb of a main clause. 

5.5.3 Thematic Interpretation 

The third stage of parsing is thematic interpretation. As described in the previous 

chapter, thematic relations are interpreted by the predicate element. If there are more than 

one extended argument structure, the coexisting extended argument structures are 

thematically interpreted by the predicate element in parallel. 

5.5.4 Clausal Analysis 

The fourth stage of parsing is clausal analysis. The parser processes a complex 

sentence clause by clause (by the extended argument structure). Cowper (1976) proposed 

an interesting theory called the poker principle. She described a clause as being "in play," 
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"in hand," or "on the table." An example is shown in (349) (adapted from Cowper, 1976, 

p. 42). 

(349) 

Word being uttered In Play In Hand On the Table 

the s, Si 

man Si Si 

who S2 S2, Si 

arrived S2 S2, S| 

yesterday S2 S2, Si 

owns Si Si S2 

a Si Si S2 

Cadillac Si Si S2 

— Si, S2 

Si denotes the main clause; S2 denotes the relative clause. A clause is in play if the 

word being uttered is within the clause. A clause is in hand if a word within the clause has 

been uttered, and if there is still a word to be uttered before the clause is complete. A 

clause is on the table if all the words within the clause have been uttered. 

The poker principle was an interesting proposal. However, the clause in hand 

could not distinguish the clause temporarily being on hold from the clause currently being 

in process. Alternatively (and regrettably, less interestingly), a clause may be described as 

being "in process," "on hold," or "closed." I assume that clausal analysis applies to only 
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finite clauses. Finite clauses can be distinguished from infinitival phrases (Bresnan, 1978, 

1982a, 1982b) and can be divided into three classes; (a) main clauses (i.e., AgrPs), (b) 

nonpredicative clauses (i.e., -pred CPs), (c) predicative clauses (i.e., +pred CPs). I assume 

that nonpredicative clauses include verb complement clauses, subordinate (adverbial) 

clauses, and coordinate clauses and that predicative clauses include relative clauses and 

noun complement clauses. My assumption about clausal analysis is summarized in Table 1. 

I will provide examples below. I use the term midclause to mean that all the arguments 

have not appeared and the term clause-final to mean that all the arguments have appeared. 

A clause (i.e., an extended argument structure) is in process if it is currently being 

processed. 
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Table 1 

Assumption About Clausal Anafysis 

Stack Buffer Results 

Agr -pred Closed 
mid +pred On hold 
final +pred On hold 
mid Agr On hold 
final Agr On hold 

-pred -pred Closed 
mid +pred On hold 
final +pred On hold 
mid Agr On hold 
final Agr Closed 

+pred -pred Closed 
mid +pred On hold 
final +pred Closed 
mid Agr On hold 
final Agr On hold 

Note, -pred = Nonpredicative clause. +pred = Predicative clause, mid = Midclause. final = 
Clause-final. 

Consider the following examples; 

(350) 

a. The dog found out the doughnut was on the table. 

b. The dog left after the meal was finished. 

c. Mary kissed John and the dog barked. 

d. The man that Mary loves is John. 

e. John is the man that Mary loves. 
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f. The woman John loves is Mary. 

g. Mary is the woman John loves. 

In sentence (3S0a), the AgrP the doughnut (i.e., a 4>-phrase) can be attached as a 

complement clause, and the main clause is closed. (The AgrP is projected in the manner of 

spec-head agreement projection.) In sentence (350b), the PP after the meal (i.e., a (j)-

phrase) can be attached as a subordinate clause, and the main clause is closed. In sentence 

(350c), the "awJ-phrase" and the dog (i.e., a (|>-phrase) can be attached as a coordinate 

clause, and the main clause is closed. Certainly, sentences like these have local 

ambiguities. In chapter 8,1 will describe how such ambiguities are resolved. 

In sentence (350d), the midclause CP that Mary (i.e., a <ti-phrase) can be attached 

as a relative clause, and the main clause is put on hold. In sentence (350e), the clause-final 

CP that Mary (i.e., a (j>-phrase) can be attached as a relative clause, and the main clause is 

put on hold. The assumption that a main clause is not closed but put on hold as a clause-

final relative clause appears is consistent with the evidence that midclause relative clauses 

(i.e., center-embedded), as in (350d), are no more difficult to process than clause-final 

relative clauses (i.e., right-branching), as in (350e) (Baird & Koslick, 1974; Hakes, Evans, 

& Brannon, 1976; Holmes, 1973; see also Gibson, 1998). In sentence (350f), the 

midclause AgrP John (i.e., a (i|>-phrase) cannot be attached as a relative clause, and the 

main clause is put on hold. In sentence (350g), the clause-final AgrP John (i.e., a ({>-

phrase) cannot be attached as a relative clause, and the main clause is put on hold. Finally, 

any clause is closed if the sentence ends. 
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A nonpredicative clause is different from a main clause in that it is closed if a 

clause-final AgrP cannot be attached as a predicative clause. An example is shown in 

(351). 

(351) When John saw the table the doughnut was gone. 

In sentence (351), the clause-final AgrP the doughnut (i.e., a (|)-phrase) cannot be 

attached as a relative clause, and the subordinate clause is closed. 

A predicative clause is different from a main clause in that whereas it is put on hold 

if a midclause CP can be attached as a predicative clause, it is closed as soon as a clause-

final CP can be attached as a predicative clause. Examples are shown in (352). 

(352) 

a. # The rat that the cat that the dog worried killed ate the malt. 

b. This is the malt that lay in the house that Jack built. 

In sentence (352a), the midclause CP that the dog (i.e., a <|)-phrase) can be 

attached as a relative clause, and the preceding relative clause (i.e., that the cat) is put on 

hold. In sentence (352b), the clause-final CP that Jack (i.e., a <|)-phrase) can be attached as 

a relative clause, and the preceding relative clause (i.e., that lay in the house) is closed. 

This assumption seems reasonable because right-branching sentences like (352b) are easy 

to understand, whereas doubly center-embedded sentences like (352a) are difficult to 

understand. 

Finally, consider how the sentence in (349) is processed. I assume that each clause 

(extended argument structure) is processed on a track (Cowper, 1976). The sentence in 
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(349) is processed by the extended argument structure (and by the <|>-phrase), as shown in 

(353). 

(353) 

a. Stack Track 1: THE MAN (In Process) 

b. Stack Track I: THE MAN (On Hold) 

Stack Track 2: WHO ARRIVED (In Process) 

c. Stack Track 1. THE MAN (On Hold) 

Stack Track 2: WHO ARRIVED YESTERDAY (In Process) 

d. Stack Track 1: THE MAN OWNS (In Process) 

Stack Track 2: WHO ARRIVED YESTERDAY (Closed) 

e. Stack Track 1: THE MAN OWNS A CADILLAC (In Process/Closed) 

In (353a), the parser opens the first track in order to process the main clause the 

man. Next, in (353b), the parser puts the main clause on hold and opens the second track 

in order to process the relative clause who arrived. Subsequently, in (353d), the parser 

cannot attach the verb awns to the relative clause who arrived yesterday. As a result, the 

parser closes the relative clause and resumes processing the main clause. Finally, in (353e), 

the parser attaches the DP a Cadillac to the main clause verb and closes the main clause. 

In the next four chapters, I will show how syntactic ambiguities are resolved 

through the four stages of parsing. 
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6 <j>-PHRASING 

The first stage of parsing is (|>-phrasing. The parser combines words into (|)-phrases. 

I discovered that (|>-phrasing is clause bound. That is, the parser resolves a <|>-phrasing 

ambiguity within a clause. This chapter shows that clause-bound ((t-phrasing accounts for 

some of the data (mostly, nominal ambiguities). 

6.1 Main Clause Subject/Relative Clause Subject Ambiguity 

(354) # The cotton clothing is made of grows in Mississippi. 

In sentence (354) (from section 2.1.5.1), there are two ways to combine the words 

the cotton clothing into (t>-phrases; 

a. [4 the cotton clothing] 

b. the cotton] clothing] 

The (t>-phrase in (355a) corresponds to a main clause. The parser projects an AgrP 

from the DP the cotton clothing in the manner of spec-head agreement projection. The 

semantic phrase is shown in (356). 

(356) Buffer Track 1 (In Process); 

(355) 

THING' 

THE COTTON CLOTHING 3sg 
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The 4>-phrases in (3SSb) correspond to two clauses; a main clause and a relative 

clause. The parser projects two AgrPs—one from the DP the cotton and the other from 

the DP clothing—in the manner of spec-head agreement projection. The semantic phrases 

are shown in (357). 

(357) BuflFer Track 1 (On Hold): 

Agr" 

D' Agr-

D THING' Agr 

I A I 
THE COTTON 3sg 

Buffer Track 2 (In Process); 

Agr" 

D Agr-

D THING' Agr 

A I 
CLOTHING 3sg 

The difference between the (|)-phrase in (355a) and the (fi-phrases in (355b) is that 

the parser keeps processing a main clause in the former but puts a main clause on hold in 

the latter. The garden path effect in sentence (354) indicates that the parser prefers to keep 

processing a main clause rather than to put a main clause on hold. Thus, (ji-phrasing is 

clause bound. Clause-bound (t>-phrasing seems reasonable because there is always a major 

pause (a phonological break) between clauses. Presumably, the parser prefers not to 

postulate a major pause. 
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Apparently, there is an alternative explanation. To combine the words into the two 

separate (|)-phrases, the parser must postulate a null D, as shown in (357). There is a 

possibility that the parser prefers not to postulate a null D. However, this possibility is 

excluded by other data, as shown later. 

It is important to note that (()-phrasing has semantic consequences. As the parser 

combines the words the cotton clothing into a single (t>-phrase, they are semantically 

interpreted as the THING COTTON CLOTHING. This local semantic interpretation turns 

out to be inconsistent with the global semantic interpretation that is required to 

comprehend the sentence correctly (i.e., the THINGs COTTON and CLOTHING). Hence, 

a garden path effect results. 

There are semantic effects on <|>-phrasing. Gibson (1991) noted that sentence (358) 

does not cause a garden path effect. 

(358) The cigarette teenagers smoke most is Camel. 

The absence of a garden path effect in sentence (358) has to do with the fact that 

the (|>-phrase the cigarette teenagers yields an implausible interpretation. There is no such 

THING as CIGARETTE TEENAGERS. Hence, the words cigarette and teenagers are 

separated on semantic grounds. On the other hand, in sentence (354), there is such a 

THING as COTTON CLOTHING, and the plausible interpretation paves the way to the 

garden path. 

It should be noted that words can be separated on syntactic grounds as well as 

semantic grounds. Consider the following sentence; 
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(359) The cotton the clothing is made of glows in Mississippi. 

By definition, a (|>-phrase is generated by "sweeping" a determiner into the nearest 

major head in the direction of its complement (Abney, 1991). In sentence (359), the 

determiner the following the word cotton is swept into the major head clothing, and the 

word cotton is separated fi'om the word clothing. 

Thus, there are syntactic and semantic effects on (|>-phrasing. Evidently, 

phonological parsing, syntactic parsing, and semantic parsing interact at the earliest stage 

of parsing; (|)-phrasing. 

6.2 Main Clause Object/Complement Clause Subject Ambiguity 

(360) # I convinced her children are noisy. 

In sentence (360) (firom section 2.1.5.2), there are two ways to combine the words 

I convinced her children into (j)-phrases: 

(361) 

a. [41 convinced] [4 her children] 

b. [41 convinced her] children] 

The (|>-phrases in (361a) corresponds to a main clause. The parser attaches the DP 

her children as the object of the verb convinced. The semantic phrase is shown in (362). 
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(362) Buffer Track I (In Process): 

r 
ACT" 

-wAtpred Spec 

past D' ACT' 

I ACT HAVE" 

CONVINCE D" HAVE' 

A 
HER CHILDREN HAVE C" 

-wh -pred 

The other possibility is that the parser postulates an implicit object and attaches the 

DP her children as the subject of a complement clause. I assume that this possibility is 

excluded because the parser prefers an explicit argument to an implicit argument. This 

assumption applies to other data. 

The (t)-phrases in (361b) corresponds to a main clause and a complement clause. 

The parser attaches the DP her as the object of the verb convinced and the DP children as 

the subject of a complement clause. The semantic phrases are shown in (363). 
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(363) Buffer Track 1 (Closed); 

-wh ±pred Spec As 

Aj T' 

ACT" 

past D' ACT' 

A 
I ACT HAVE" 

CONVINCE D* HAVE' 

A 
HER HAVE C" 

-wh -pred 

Buffer Track 1 (In Process); 

D' 

A 
CHILDREN Ai 

3pl 

The difference between the (|>-phrases in (361a) and the (i>-phrases in (361b) is that 

the parser keeps processing a main clause in the former but closes a main clause in the 
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latter. The garden path efifect in sentence (360) indicates that the parser prefers to keep 

processing a main clause. This finding is consistent with the previous finding that <t>-

phrasing is clause-bound. 

6.3 First Object/Second Object Ambiguity 

(364) 

a. I gave her earrings to Sally. 

b. I gave her earrings on her birthday. 

Unlike the garden path sentences in the previous sections, the sentences in (364) 

(fi'om section 2.1.5.3) do not cause garden path effects. Clause-bound ({(-phrasing 

accounts for the absence of garden path effects. There are two ways to combine the words 

/ gave her earrings into (|>-phrases; 

(365) 

a. I gave] her earrings] 

b. [41 gave her] [4 earrings] 

The (t>-phrases in (365a) correspond to two constructions; the to-dative 

construction and the double object construction. In each of them, the parser attaches the 

DP her earrings as the object of the verb gave. The /o-dative construction at semantic 

structure is shown in (366), and the double object construction at semantic structure is 

shown in (367). 



279 

(366) Buffer Track 1 (In Process): 

-w/flpred Spec 

r 
ACT" 

past D 

GIVE D" GO' 

A 
HER EARRINGS GO TO-PATH' 

A 
h 
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(367) Buffer Track 1 (In Process): 

r 
ACT" 

-wAlpred Spec 

past D' ACT 

I ACT HAVE" 

GIVE D" 

A 
HAVE' 

HER EARRINGS HAVE D' 

A 

The <|)-phrases in (365b) correspond to the double object construction. The parser 

attaches the DP her as the first object of the verb gave and the DP earrings as the second 

object. This double object construction at semantic structure is shown in (368). 
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(368) Buffer Track 1 (In Process): 

-H'/»±pred Spec 

r 
past ir ACT 

A 
I ACT HAVE" 

GIVE D' HAVE' 

A 
HER HAVE D* 

A 
EARRINGS 

The absence of garden path effects in the sentences in (364) indicates that the 

parser can combine words into different (|>-phrases as long as they are clause bound. Thus, 

all the three extended argument structures are accepted, and they are ready for thematic 

interpretation (to be continued in chapter 8). 

Sentence (364b) excludes the possibility that the parser prefers not to postulate a 

null D. In the sentence, the parser postulates a null D (i.e., the DP earrings), as shown in 

(368). 

6.4 Prepositional Phrase Object/Main Clause Subject Ambiguity 

(369) # Without her contributions would be very inadequate. 
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In sentence (369) (from section 2.1.5.4), there are two ways to combine the words 

without her contributions into (|>-phrases; 

(370) 

a. [4 without her contributions] 

b. [4 without her] [4 contributions] 

The <t>-phrase in (370a) corresponds to an external topic. The semantic phrase is 

shown in (371). 

(371) Buffer Track 1 (In Process): 

MANNER-

MANNER D" 

I A 
WITHOUT HER CONTRIBUTIONS 

I tentatively assume that the preposition without is semantically a MANNER. 

The <t>-phrases in (370b) correspond to an external topic and a main clause. The 

semantic phrases are shown in (372). 

(372) Buffer Track 1 (Closed): 

MANNER-

MANNER D' 

I A 
WITHOUT HER 
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Buffer Track 1 (In Process); 

L 
I 

CONTRmunONS A] r 
3pl 

In (372), the parser closes an external topic in order to process a main clause. The 

assumption that the parser closes an external topic as a main clause begins is reasonable 

because an external topic cannot be modified once a main clause begins. 

The garden effect in sentence (369) indicates that the parser prefers to keep 

processing an external topic. Thus, clause-bound <t>-phrasing extends to external topics. 

It is interesting to note that <)>-phrasing accounts for the absence of garden path 

effects in sentences like (373) (fi-om Pritchett, 1992). 

(373) Without her contributions would it be impossible? 

Sentence (373) is similar to sentence (369). However, it does not cause a garden 

path effect. Sentence (373) poses a problem for the view that the parser reanalyzes the 

noun contributions as the subject of a main clause when the modal verb would appears. As 

shown in (373), the noun contributions followed by the modal verb would can be part of 

the external topic. 

Sentence (373) poses no problem for the present theory. Consider how the words 

In sentence (373) are combined into (|>-phrases: 

(374) [4 without her contributions] [4 would it be impossible] 
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The words would it be impossible constitute a ()>-phrase, and there is no need for 

reanalysis at the word would. Hence, no garden path effect results. 

6.5 Noun/Verb Ambiguity 

(375) 

a. The warehouse fires harm some employees each year. 

b. The warehouse fires numerous employees each year. 

In each of the sentences in (375) (fi-om section 2.1.6.1), there are two ways to 

combine the words the warehouse fires into (|>-phrases; 

(376) 

a. the warehouse fires] 

b. the warehouse] [4 fires] 

The ())-phrase in (376a) corresponds to a main clause in which the word fires is 

attached as a noun. The semantic phrase is shown in (377). 

(377) Buffer Track I (In Process): 

THE WAREHOUSE FIRES Agr 

I 
3pl 

The <j)-phrases in (376b) correspond to a main clause in which the word fires is 

attached as a verb. The semantic phrase is shown in (378). 
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(378) Buffer Track 1 (In Process); 

-w/iipred Spec 

r 
pres D' 

A 
THE WAREHOUSE ACT 

ACT' 

FIRE 

D* 

A 
h 

The other possibility that the noun fires is the subject of a relative clause modifying 

the noun warehouse is excluded by clause-bound (t)-phrasing, as shown in section 6.1. 

Both structures (377) and (378) are clause bound and hence accepted (to be 

continued in chapter 8). 

6.6 Noun/Modal Verb Ambiguity 

(379) 

a. The military might of that country is very dangerous. 

b. The military might be very dangerous in that country. 

In each of the sentences in (379) (from section 2.1.6.2), the parser can resolve the 

lexical ambiguity of the word might at the stage of (|)-phrasing, as shown in (380). 
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(380) 

a. [4 the military might] [4 of that country] [4 is very dangerous] 

b. [4 the military] [4 might be very dangerous] [4 in that country] 

In (380a), the parser attaches the word might as a noun. In (380b), the parser 

attaches the word might as a modal verb. 

Lexical ambiguities are often resolved within <t>-phrases except that single-word 4>-

phrases do not provide enough context to resolve the ambiguities (Abney, 1991). 

6 .7 The Word That: At the Beginning of a Sentence 

(381) 

a. That will do. 

b. That boy will do it. 

c. That boys will do it is a bad idea. 

In each of the sentences in (381) (from section 2.1.6.4.1), the parser can resolve 

the lexical ambiguity of the word that at the stage of ({i-phrasing, as shown in (382). 

(382) 

a. [4 that will do] 

b. [4 that boy] [4 will do it] 

c. [4 that boys] [4 will do it] [4 is a bad idea] 

The parser attaches the word that as a demonstrative pronoun in (382a), a 

determiner in (382b), and a complementizer in (382c). 
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Clause-bound (ft-phrasing does not exclude the (t)-phrase that boys in (382c) 

because the parser does not postulate a pause between the main clause and the sentential 

subject. Both clauses simultaneously begin. The syntactic phrase and the semantic phrases 

corresponding to the (|)-phrase that boys are shown in (383) and (384). 

(383) Buffer: 

r 
that D' 

boys A r 
(384) Buffer Track 1 (On Hold): 

Aer" 

Spec ^^A^ 

A|r 

3sg 
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Buffer Track 2 (In Process); 

THAT D' 

BOYS A r 
6.8 The Word That: After a Verb 

(385) 

a. I know that. 

b. I know that will do. 

c. I know that boy will do it. 

d. I know that boys will do it. 

In each of the sentences in (385) (from section 2.1.6.4.2), the parser can resolve 

the lexical ambiguity of the word that at the stage of (|>-phrasing, as shown in (386). 

(386) 

a. [41 know that] 

b. I know] [4 that will do] 

c. I know] [4 that boy] will do it] 

d. [41 know] that boys] [4 will do it] 
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The parser attaches the word that as a demonstrative pronoun in (386a) and 

(386b), a determiner in (386c), and a complementizer in (386d). 

6.9 Puns 

(387) She criticized his apartment, so he knocked her flat. 

In sentence (387) (from section 2.2.3), there are two ways to combine the words 

so he knocked her flat into <t>-phrases; 

a. [4 so he knocked] her flat] 

b. [4 so he knocked her] [4 flat] 

The ({>-phrases in (388a) correspond to the transitive construction in which the DP 

her flat is attached as the object of the verb knocked. The transitive construction at 

semantic structure is shown in (389). 

(389) Buffer Track 1 (In Process): 

(388) 

SO' 

3sg T ACT" 

past D' ACT' 

A 
HE ACT D" 

A 
KNOCK HERFLAT 
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It is unclear what the semantic category of the adverb so is, so I tentatively use SO 

to denote the semantic category of the adverb so. 

The (t>-phrases in (388b) correspond to the resultative construction in which the DP 

her and the AP flat are attached as complements of the verb knocked. The resultative 

construction at semantic structure is shown in (390). 

(390) Bufifer Track 1 (In Process): 

SO' 

SO Spec 

r 
ACT" 

past D' ACT' 

HE ACT GO" 

I 
GO' KNOCK D' 

A 
HER GO PROPERTY' 

A 
FLAT 

I assume that the resultative construction is similar to the causative construction. 

Both structures (389) and (390) are clause bound, accepted, and ready for 

thematic interpretation (to be continued in chapter 8). 
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7 ATTACHMENT 

The second stage of parsing is attachment. The parser attaches a phrase (or 

phrases) in the buffer to the preceding structure (or structures) in the stack. I discovered 

that the parser prefers an explicit argument to an implicit argument (as already mentioned 

in section 6.2 in the previous chapter) and prefers an explicit complementizer to an implicit 

complementizer. This chapter shows that the way in which nodes are projected and 

attached accounts for some of the data (mostly, clausal ambiguities). 

7.1 Main Clause Object/Complement Clause Subject Ambiguity; Double Complement 

Verbs 

(391) # Katrina warned the professor was planning a murder. 

In sentence (391) (from section 2.1.2.1.2), the parser combines the words into the 

following (t)-phrases; 

(392) Katrina] warned] [«the professor] [4 was planning] [4 a murder] 

At the (|>-phrase warned, the parser processes the following syntactic structure: 
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(393) Stack; 

A 
KatrinaAgr 

warned D' 

-wh -pred 

In (393), a DP is hypothesized in the object of the verb warned. It is possible that 

the parser projects another syntactic structure in which an implicit argument is 

hypothesized. 

At the next <t>-phrase the professor, the parser can attach the DP the professor as 

the object of the verb warned, as shown in (394). 
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(394) Stack: 

KatnnaAgr 

warned D' 

A 
the professor V 

-wh -pred 

The parser can also attach the AgrP the professor (i.e., the spec-head agreement 

projection) as a complement clause. However, this attachment requires that the parser 

postulate an implicit argument. The garden path effect in sentence (391) indicates that the 

parser prefers an explicit argument to an implicit argument. 

Attachment has semantic consequences. The syntactic structure in (394) 

corresponds to the following extended argument structure; 
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(395) Stack Track 1 (In Process): 

r 
ACT" 

past D' ACT' 

A 
KATRINA ACT HAVE" 

WARN D' HAVE' 

A 
THE PROFESSOR HAVE C" 

-wh -pred 

The extended argument structure in (395) is thematically interpreted as "Katrina 

acts on the professor, causing the professor to have Z." At this point, the main predicate 

element ACT is complete. This local thematic interpretation turns out to be inconsistent 

with the global thematic interpretation that is required to comprehend the sentence 

correctly. Hence, a garden path effect results. 

7.2 Main Clause Second Object/Relative Clause Subject Ambiguity 

(396) # My brother ordered the woman from Italy a spaghetti dinner had been spilled on 

accidentally a large steak and a salad. 
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In sentence (396) (from section 2.1.2.4), the parser combines the words into the 

following ()>-phrases; 

(397) [4 my brother] ordered] [4 the woman] from Italy] [4 a spaghetti dinner] had 

been spilled on] [4 accidentally] [4 a large steak] [4 and a salad] 

At the <))-phrase from Italy, the parser processes the following syntactic structure; 

(398) Stack: 

As^ 

T' 

T V" 

D" 

A 
my brother Agr 

ordered D 

the woman from Italy V 

At the next (j>-phrase a spaghetti dinner, the parser can attach the DP a spaghetti 

dinner as the second object of the verb ordered, as shown in (399). 
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(399) Stack; 

D" 

A 
my brother Agr 

ordered D' 

A 
the woman from Italy V D' 

A 
a spaghetti dinner 

The parser cannot attach the AgrP a spaghetti dinner (i.e., the spec-head 

agreement projection) as a relative clause modifying the noun woman because it has no CP 

node. 

Thus, there is only one local attachment in (399). The syntactic structure in (399) 

corresponds to the following extended argument structure; 
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(400) Stack Track 1 (In Process): 

r 
ACT" 

HAVE" 

past D" 

A 
MY BROTHERACT 

ORDER D' HAVE' 

A 
THE WOMAN FROM ITALY HAVE D' 

A 
A SPAGHETTI DINNER 

The extended argument structure in (400) is thematically interpreted as "My 

brother acts on the woman from Italy, causing the woman from Italy to have a spaghetti 

dinner." This local thematic interpretation turns out to be inconsistent with the global 

thematic interpretation. Hence, a garden path effect results. 

There are semantic effects on attachment. Consider the following sentence; 

(401) My brother ordered a spaghetti dinner the woman from Italy had strongly 

recommended. 

Unlike sentence (396), sentence (401) does not cause a garden path effect. The 

difference between the two sentences is the order of the DPs the woman from Italy and a 

spaghetti dinner. The absence of a garden path effect in sentence (401) is due to the 
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possessor effect. Consider the extended argument structure processed at the (|>-phrase the 

woman: 

(402) Stack Track 1 (In Process): 

A II 

r 
ACT" 

past D" 

a  
MY BROTHER ACT HAVE" 

ORDER D* HAVE' 

a  
A SPAGHETTI DINNER HAVE D' 

a  
THE WOMAN 

The extended argument structure in (402) is thematically interpreted as "My 

brother acts on a spaghetti dinner, causing the spaghetti dinner have the woman." This 

interpretation is anomalous because of the possessor efifect. A spaghetti dinner cannot 

possess the woman. Evidently, the implausible interpretation resulting from the attachment 

prevents a garden path efifect from occurring. 

Actually, sentence (396) is ambiguous at the (t>-phrase from Italy. The verb order 

takes a DP complement and a from-9  ̂ complement, and the words my brother ordered 

the woman from Italy can be thematically interpreted as "My brother acts on the woman. 
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causing the woman to go (come) from Italy." Obviously, this interpretation is anomalous, 

and a garden path e£fect is prevented. 

7.3 Subordinate Clause Object/Main Clause Subject Ambiguity 

(403) # After you drank the water was discovered to be polluted. 

In sentence (403) (from section 2.1.2.5), the parser combines the words into the 

following ()>-phrases; 

(404) after you drank] [+ the water] was discovered] to be polluted] 

At the <t>-phrase after you drank, the parser processes the following syntactic 

structure; 

(405) Stack: 

after D' 

you Agr 

In (405), a DP is hypothesized in the object of the verb drank. It is possible that 

the parser projects another syntactic structure in which an implicit argument is 

hypothesized. 
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At the (t>-phrase the water, the parser can attach the DP the water as the object of 

the verb drank, as shown in (406). 

(406) Stack; 

P' 

after D' 

you Agr 

drank the water 

The parser cannot attach the AgrP the water (i.e., the spec-head agreement 

projection) to the PP (although the parser can adjoin the PP to the AgrP). Moreover, the 

parser prefers an explicit argument to an implicit argument. Hence, the possibility that the 

words the water are attached as the subject of a main clause is excluded. 

Thus, there is only one local attachment in (406). The syntactic structure in (406) 

corresponds to the following extended argument structure; 



301 

(407) Stack Track 1 (In Process); 

MANNER' 

MANNER Agr" 

AFTER Spec A^ 

A^ T' 

2sg/pl T ACT" 

past D' ACT 

a  
YOU ACT D' 

a  
DRINK THE WATER 

I tentatively assume that the preposition after is semantically a MANNER. The 

extended argument structure in (407) is thematically interpreted as "After you act on the 

water." This local thematic interpretation turns out to be inconsistent with the global 

thematic interpretation. Hence, a garden path effect results. 

In addition, consider the following sentence; 

(408) # The man who hunts ducks out before dawn. 

In sentence (408), the word ducks can be attached as either the object of the 

relative clause verb hunts or the verb of the main clause. A garden path effect results 

because the parser prefers not to postulate an implicit argument but to attach the word 

ducks as the object of the relative clause verb. 

There are semantic efifects on attachment. Consider the following sentence (from 

Garrett et al., 1966); 
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(409) In her hope of marrying Anna was surely impractical. 

Sentence (409) is similar to sentence (403). In fact, the verb many takes a DP 

complement. Nevertheless, a garden path effect does not occur. The absence of a garden 

path effect has to do with the fact that the attachment yields an implausible interpretation. 

In sentence (409), the implicit subject of the gerund marrying refers to the feminine 

pronoun her. It is rather implausible that a woman marries Anna, who is presumably a 

woman. Hence, the two women are separated, and a garden path effect is prevented. 

7.4 Relative Clause Subject/Main Clause Subject Ambiguity 

(410) # When the chef served the dessert the guests liked quite a lot the treaty was 

quickly settled. 

Sentence (410) (from section 2.1.2.6) was examined in chapter S. The parser 

cannot attach the AgrP the guests (i.e., the spec-head agreement projection) as a relative 

clause modifying the noun dessert because it has no CP node. 

1.5 Complement Clause/Complement Clause Sentential Subject Ambiguity 

(411) # I believe that John smokes annoys Mary. 

In sentence (411) (from section 2.1.4.1), the parser combines the words into the 

following (|)-phrases; 

(412) [41 believe] [4 that John] smokes] [4 annoys] [4 Mary] 

The word that alone is four-way ambiguous (see section 2.1.4.1). However, (j)-

phrasing excludes the possibility that the word that is a demonstrative pronoun or a 
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determiner. As a result, the (|>-phrase that John is ambiguous between a complement clause 

and the sentential subject of a complement clause. 

At the (t>-phrase I believe, the parser processes the following syntactic structure; 

(413) Stack: 

I Agr 

believe Spec 

-wh -pred 

At the next (t>-phrase that John, the parser can attach the CP that John as a 

complement clause, as shown in (414). 
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(414) Stack; 

I Agr 

beueve Spec 

that D' 

John A r 
The parser can also attach the AgrP that John (i.e., the spec-head agreement 

projection) as the sentential subject of a complement clause. However, this attachment 

requires that the parser postulate an implicit complementizer, as shown in (4IS). 
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(415) Stack 

I Agr 

believe Spec C 

C Agr" 

-wh -pred C" Agr* 

^ / 
Spec C ACT 

/ \  t  
C Agr" 3sg 

I A 
that D' Agr* 

a /  
John A^ 

3sg 

The garden path effect in sentence (411) indicates that the parser prefers an 

explicit complementizer to an implicit complementizer. This finding is similar to the 

finding that the parser prefers an explicit argument to an implicit argument. Presumably, 

the parser prefers an explicit element to an miplicit element. The assumption that the 

parser prefers an explicit complementizer to an implicit complementizer applies to other 

data. 
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7.6 Complement Clause • Object Relative Clause • Complement Clause Sentential 

Subject • Object Relative Clause Sentential Subject Ambiguity 

(416) # John told the man that Mary kissed that Bill saw Phil. 

In sentence (416) (from section 2.1.4.2), the parser combines the words into the 

following (t>-phrases: 

(417) John] told] the man] [4 that Mary] kissed] [4 that Bill] [4 saw] [4 Phil] 

Although the word that following the noun man is eight-way ambiguous (see 

section 2.1.4.2), the (|)-phrase that Mary is four-way ambiguous: (a) a complement clause, 

(b) a relative clause modifying the noun man, (c) the sentential subject of a complement 

clause, or (d) the sentential subject of a relative clause. 

At the (t)-phrase the man, the parser processes the following syntactic structure: 
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(418) Stack: 

ACT" 

John Agr 

told D' 

a  
the man V 

±wh -pred 

The structure in (418) is a hybrid structure in which is postulated (because the 

verb tell takes either a wA-complement or a /AaZ-complement). It is possible (rather, 

probable) that the parser projects the two syntactic structures. 

At the next ({>-phrase that Mary, the parser can attach the CP that Mary as a 

complement clause, as shown in (419). 
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(419) Stack; 

Ajir" 

John Agr 

told D' 

the man V 

that D' 

Mary A r 
The parser can also attach the CP that Mary as a relative clause modifying the 

noun man, as shown in (420). 
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(420) Stack: 

John Agr 

told D' V 
X\  ̂
D ivr V c" 

I ^ ^ 
the N" C" Spec C 

/ 
man Spec C C 

I ^ I 
O C Agr" ±wA-pred 

I A 
that D' Agr" 

A/ 
Mary A^ 

3sg 

The third possibility is that the parser attaches the AgrP that Mary (i.e., the spec-

head agreement projection) as the sentential subject of a complement clause. However, 

this possibility is excluded because the attachment requires that the parser postulate an 

implicit complementizer, as shown in (421). 



310 

(421) Stack: 

John Agr 

told D 

the man V 

-M>h -pred C" Agr" 

^ / 
Spec C Agr 

^ 1 
C ^A^3sg 

that D' Agr* 

a 7  
Mary A^ 

3sg 

Finally, the parser cannot attach the AgrP that Mary (i.e., the spec-head agreement 

projection) as the sentential subject of a relative clause because it has no CP node. 
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The assumption that the parser does not attach the AgrP that Mary the 

sentential subject of a complement clause or the sentential subject of a relative clause is 

consistent with the fact that sentences like those in (422) cause garden path effects. 

(422) 

a. # John told the man that Mary kissed Bill saddened Phil. 

b. # John told the man that Mary kissed Bill saddened that Anna likes him. 

Thus, there are two local attachments in (419) and (420). Attachment does not 

account for the garden path effect in sentence (416). Rather, thematic interpretation 

accounts for the garden path effect (to be continued in chapter 8). 

7.7 Complement Clause • Subject Relative Clause • Object Relative Clause Ambiguity 

(423) John told the man that kissed Mary that Bill saw Phil. 

In sentence (423) (from section 2.1.4.3), the parser combines the words into the 

following (t>-phrases; 

(424) [4 John] [4 told] [4 the man] [4 that kissed] [4 Mary] [4 that Bill] [4 saw] [4 Phil] 

The 4)-phrase that kissed is three-way ambiguous; (a) a subject relative clause in 

which the word that is a complementizer, (b) an object relative clause in which the word 

that is the subject (i.e., a demonstrative pronoun), or (c) a complement clause in which the 

word that is the subject. 

At the ((i-phrase the matt, the parser processes the syntactic structure shown in 

(418). The next <t>-phrase that kissed corresponds to the following two syntactic 

structures; 
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(425) Buffer: 

C" 

Spec C 

a C Akt" 

that D' 

h Agr T 

V" 

Spec V 

V 

i  
kissed 

D' 

a  
h 

(426) Buffer; 

C" 

Spec C 

C Agr" 

-w/jipred D' As 

a  
that Agr T' 

V" 

Spec V 

kissed 

D' 

a  
h 
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In (425), the word that is attached as a complementizer. In (426), the word that is 

attached as a demonstrative pronoun. 

The parser can attach the CP in (42S) as a subject relative clause modifying the 

noun man, as shown in (427). 
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(427) Stack; 

John Agr 

told D' V 

D N' V C" 

i  ^  ^  
the K C" Spec C 

/ 
man Spec C C 

i  ^  i  
0\ C Agr" ±M'A -pred 

i  A 
that D' Agr" 

i  A 
(iAgr r 

/\ 
T V" 

Spec V* 

/\ 
V D' 

i  a  
kissed h 

The parser can also attach the CP in (426) as an object relative clause modifying 

the noun man. However, this possibility is excluded because the attachment requires that 

the parser postulate an implicit complementizer, as shown in (428). 
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(428) Stack; 

Agr" 

John Agr 

to d D' 

the N* C" Spec C 

a / \  /  
man Spec C C 

i  ^  i  
Oi C -pred 

-wA+pred D' Agr* 

a / \  
that Agr T' 

T V" 

Spec V* 

V D* 

kissed /j 

Finally, the parser can attach the CP in (426) as a complement clause. However, 

this possibility is also excluded because the attachment requires that the parser postulate 

an implicit complementizer, as shown in (429). 
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(429) Stack: 

John Agr T 

V" 

Spec V* 

V V" 

told D' V 

a  
the man V C" 

Spec C' 

C ACT" 

-wh -pred D' Agr* 

a  
that Agr T' 

V" 

Spec V 

V D' 

i  a  
kissed h 

The assumption that the parser does not attach the CP in (426) as an object 

relative clause or a complement clause is consistent with the fact that sentences like those 

in (430) cause garden path effects. 
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(430) 

a. # John told the man that kissed that Bill saw Phil. 

b. # John told the man that kissed Mary. 

Thus, there is only one local attachment in (427). This local attachment remains 

consistent with the global attachment that is required to comprehend the sentence 

correctly. Hence, a garden path effect does not result. 

7.8 Complement Clause • Relative Clause • Relative Clause Sentential Subject Ambiguity 

(431) 

a. The report that the president sent the troops into combat depressed me. 

b. The report that the president sent to us helped us make the decision. 

In sentences (43 la) and (43 lb) (from section 2.1.4.4), the parser combines the 

words into the following (t>-phrases: 

(432) 

a. U the report] [4 that the president] [4 sent] [4 the troops] [4 into combat] [4 

depressed me] 

b. [4 the report] [4 that the president] sent] to us] [4 helped us] make] U the 

decision] 

Although the word that alone is five-way ambiguous (see section 2.1.4.4), the ({>-

phrase that the president is three-way ambiguous; (a) a noun complement clause, (b) a 

relative clause modifying the noun report, or (c) the sentential subject of a relative clause. 

At the (fi-phrase the report, the parser processes the following syntactic structure; 
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(433) Stack: 

AKT" 

D' 

a  
the report 

3sg 

At the next (t)-phrase that the president, the parser can attach the CP that the 

president as a noun complement clause, as shown in (434). 

(434) Stack: 

Agr" 

r 
the N 

report Spec 

that D' 

the president A r 
The parser can also attach the CP that the president as a relative clause modifying 

the noun report, as shown in (435). 
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(435) Stack: 

Agr" 

D 

the NT C" 3sg 3sg 

a  
report Spec C 

O C Agr" 

that D' Agr* 

a  ^  
the president Aj r 

3sg 

Finally, the parser cannot attach the AgrP that the president (i.e., the spec-head 

agreement projection) as the sentential subject of a relative clause because it has no CP 

node. This assumption is consistent with the fact that sentences like (436) cause garden 

path efifects. 

(436) # The report that the president sent the troops into combat influenced depressed 

Thus, there are two local attachments in (434) and (43 S) (to be continued in 

chapter 8). 

7.9 Relative Clause • Relative Clause Sentential Subject • Main Clause Sentential Subject 

Ambiguity 

(437) # Without the man that Anna married was unknown to us. 

me. 
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In sentence (437) (from section 2.1.4.5), the parser combines the words into the 

following (t>-phrases; 

(438) without the man] that Anna] [4 married] [4 was unknown] [4 to us] 

Although the word thai is seven-way ambiguous (see section 2.1.4.5), the (|)-phrase 

that Anna is three-way ambiguous; (a) a relative clause modifying the noun man, (b) the 

sentential subject of a relative clause, or (c) the sentential subject of a main clause. 

At the (t>-phrase without the man, the parser processes the following syntactic 

structure; 

(439) Stack; 

P' 

P D' 

i  a  
without the man 

At the next (()-phrase that Anna, the parser can attach the CP that Anna as a 

relative clause modifying the noun man, as shown in (440). 
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(440) Stack: 

F 

without D 

D' 

N* 

the N- C" 

man Spec C' 

O 

that D' 

Anna A r 
The parser cannot attach the AgrP that Anna (i.e., the spec-head agreement 

projection) as the sentential subject of a relative clause because it has no CP node. This 

assumption is consistent with the fact that sentences like (441) cause garden path efifects. 

(441) # Without the man that Anna married saddened so much her marriage was 

unknown to us. 

Finally, the parser cannot attach the AgrP that Anna (i.e., the spec-head agreement 

projection) to the PP (although the parser can adjoin the PP to the AgrP). Hence, the 

possibility that the words that Anna are attached as the sentential subject of a main clause 

is excluded. 
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Thus, there is only one local attachment in (440). This local attachment turns out 

to be inconsistent with the global attachment that is required to comprehend the sentence 

correctly. Hence, a garden path effect results. 

In addition, consider the following sentence: 

(442) When the chef served the dessert that the guests liked quite a lot the treaty was 

quickly settled. 

Sentence (442) does not cause a garden path effect because the //ia/-clause 

following the subordinate clause turns out to be a relative clause. 
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8 THEMATIC INTERPRETATION 

The third stage of parsing is thematic interpretation. Thematic relations are 

interpreted by the predicate element. This chapter shows that thematic interpretation 

accounts for a variety of data. 

8.1 Main Clause/Reduced Relative Clause Ambiguity: Passive Causative Verbs 

(443) # The horse raced past the bam fell. 

In sentence (443) (from section 2.1.1.1), the parser combines the words into the 

following (ji-phrases: 

(444) [4 the horse] [4 raced] past the bam] [4 fell] 

The verb raced can be an active intransitive verb, an active causative verb, or a 

passive causative verb. Accordingly, the parser processes the three extended argument 

stmctures. The active intransitive construction is shown in (445). 

(445) Stack Track 1 (In Process): 

A) 

Spec 

3sg T GO" 

past D' GO' 

A 
THE HORSE GO PATH 

A 
RACE h 
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The active intransitive construction in (445) is thematically interpreted as "The 

horse goes to Y." The second argument of GO has not appeared yet, and it is uncertain 

where the horse goes. 

The active causative construction is shown in (446). 

(446) Stack Track 1 (In Process): 

Spec A| 

Agr r 

ACT" 

past D' ACT' 

THE HORSE ACT GO" 

r 

RACE D' 

PATH 

The active causative construction in (446) is thematically interpreted as "The horse 

acts on Y, causing Y to go to Z." The second argument of the main predicate element 

ACT has not appeared yet, and it is uncertain what the horse acts on. 

The reduced relative clause construction (which is now described as syntactically 

the postnominal AP construction and semantically the post-THING PROPERTY-phrase 

construction) is shown in (447). 
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(447) Stack Track 1 (In Process): 

Agr" 

THING' 

THE THING' PROPERTY' 

HORA PROPERTY ACT " 

pass D' 

a  
(X) ACT 

PATH-

RACE D' 

a  
(THE HORSE)i GO 

The reduced relative clause construction in (447) lacks a main verb, and it is not 

interpretable in terms of thematic relations. 

Thus, none of the three local thematic interpretations are complete at this point. 

Subsequently, at the (|)-phrase past the bam, the parser continues processing the 

three extended argument structures. The active intransitive construction is shown in (448). 
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(448) Stack Track 1 (In Process): 

r 
past D' GO' 

a  
THE HORSE GO PATH' 

RACE PATH D' 

a  
PAST THE BARN 

The active intransitive construction in (448) is thematicaily interpreted as "The 

horse goes past the bam." The predicate element GO is now complete. 

The active causative construction is shown in (449). 
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(449) Stack Track 1 (In Process): 

A II 

r 
ACT" 

past D' 

a  
THE HORSE ACT 

ACT 

RACE D* 

a  

GO" 

GO 

GO-

PATH' 

PATH D' 

i  a  
PAST THE BARN 

The active causative construction in (449) is thematically interpreted as "The horse 

acts on Y, causing Y to go past the bam." The second argument of the main predicate 

element ACT has not appeared yet, and it is still uncertain what the horse acts on. 

The reduced relative clause construction is shown in (4S0). 
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(450) Stack Track 1 (In Process): 

Agr" 

THING' 

THE THING' PROPERTY* 

HORA PROPERTY^T" 

pass D' 

(X) ACT 

RACE D' GO' 

A 
(THE HORSE); GO PATH-

PATH D' 

A 
PAST THE BARN 

The reduced relative clause construction in (4S0) still lacks a main verb, and it is 

not interpretable in terms of thematic relations. 

Thus, there is only one complete local thematic interpretation; "The horse goes 

past the bam." This local thematic interpretation turns out to be inconsistent with the 

global thematic interpretation that is required to comprehend the sentence correctly. 

Hence, a garden path effect results. 

Thematic interpretation also accounts for the absence of garden path effects in 

sentences like (451). 

(451) The horse raced by the jockey fell. 
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At the (t>-phrase raced, no predicate element is complete. At the next i)>-phrase by 

the jockey, the verb turns out to be the verb of a reduced relative clause. A garden path 

effect does not result because there is no previously complete local thematic 

interpretation. 

8.2 Main Clause/Reduced Relative Clause Ambiguity; Passive Transitive Verbs 

(452) 

a. The monkeys chased out of the cage never returned. 

b. The monkeys chased out of the cage a large group of rats. 

In sentences (4S2a) and (4S2b) (from section 2.1.1.2), the parser combines the 

words into the following ()>-phrases; 

(453) 

a. the monkeys] [4 chased] [4 out of the cage] [4 never] [4 returned] 

b. [4 the monkeys] [4 chased] [4 out of the cage] [4 a large group] [4 of rats] 

The verb chased can be either an active transitive verb or a passive transitive verb. 

Accordingly, the parser processes the two extended argument structures. At the (|>-phrase 

out of the cage, the parser continues processing the two extended argument structures. 

The active transitive construction is shown in (454). 
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(454) Stack Track 1 (In Process); 

Aer" 

r 
ACT" 

past D' 

A 
THE MONKEYS ACT 

ACT' 

GO" 

CHASE D' 

PATH-

PATH 

OUT OF THE CAGE 

The active transitive construction in (454) is thematically interpreted as "The 

monkeys act on Y, causing Y to go out of the cage." The second argument of the main 

predicate element ACT has not appeared yet, and it is uncertain what the monkeys act on. 

The reduced relative clause construction is shown in (455). 
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(455) Stack Track 1 (In Process); 

THING' 

THE THING' PROPERTY* 

MONKE'A PROPERTY^T " 

pass D 

(X) ACT 

CHASE D' GO' 

A 
(THE MONKEYS); GO PATH 

PATH D' 

I A 
OUT OF THE CAGE 

The reduced relative clause construction in (455) lacks a main verb, and it is not 

interpretable in terms of thematic relations. 

Thus, neither of the local thematic interpretations is complete at this point. 

Because there is no complete local thematic interpretation prior to disambiguation, no 

garden path efifect results. 

It is interesting to note that unlike transitive verbs, causative verbs do not allow 

heavy DP shifts, as shown in (456). 

(456) # The boy ran through the maze a large group of rats. 
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The reason why heavy DP shifts are not allowed has to do with the fact that they 

cause garden path eflfects. In sentence (4S6), the predicate element GO in the intransitive 

construction is complete at the (j>-phrase through the maze (i.e., "The boy goes through 

the maze"). Hence, people mistake the causative verb for an intransitive verb. 

8.3 Main Clause/Reduced Relative Clause Ambiguity: Passive Double Object Verbs 

(457) # The performer sent the flowers was very pleased. 

In sentence (457) (from section 2.1.1.3), the parser combines the words into the 

following (t)-phrases; 

(458) [4 the performer] sent] [4 the flowers] [4 was very pleased] 

The verb sent can be an active /o-dative verb, an active double object verb, a 

passive /o-dative verb, or a passive double object verb. Accordingly, the parser processes 

the four extended argument structures. At the (|)-phrase the flowers, the possibility that the 

verb is a passive to-dative verb is excluded. However, the parser still processes the 

remaining three extended argument structures. The active /o-dative construction is shown 

in (459). 
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(459) Stack Track 1 (In Process): 

Acr" 

r 
ACT" 

past D' 

A 
THE PERFORMER ACT 

ACT 

GO" 

SEND D' GO' 

A 
THE FLOWERS GO TO-PATH' 

A 
h 

The active /o-dative construction in (459) is thematically interpreted as "The 

performer acts on the flowers, causing the flowers to go to Z." At this point, the main 

predicate element ACT is complete. 

The active double object construction is shown in (460). 
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(460) Stack Track 1 (In Process); 

r 
ACT" 

past D' ACT' 

THE PERFORMER ACT HAVE" 

SEND D' 

A 
THE FLOWERS HAVE 

HAVE' 

D' 

A 
h 

The active double object construction in (460) is thematically interpreted as "The 

performer acts on the flowers, causing the flowers to have Z." At this point, the main 

predicate element ACT is complete. 

The reduced relative clause construction is shown in (461). 
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(461) Stack Track I (In Process): 

THING' 

THE THING' PROPERTY* 

PERFORME^ PROPERTY ACT" 

pass D 

(X) ACT HAVE" 

HAVE' SEND D' 

A 
(THE PERFORMER); HAVE D' 

A 
THE FLOWERS 

The reduced relative clause construction in (461) lacks a main verb, and it is not 

interpretable in terms of thematic relations. 

Thus, there are two complete local thematic interpretations, and they are the same 

interpretation; "The performer acts on the flowers." This local thematic interpretation 

turns out to be inconsistent with the global thematic interpretation. Hence, a garden path 

effect results. 

In sum, passive causative verbs and passive double object verbs cause garden path 

effects because they are mistaken for alternative verbs whose predicate elements are 

complete prior to disambiguation. On the other hand, passive transitive verbs do not cause 
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garden path efifects because they are not mistaken for active transitive verbs prior to 

disambiguation. 

8.4 Main Clause Object/Complement Clause Subject Ambiguity; Single Complement 

Verbs 

(462) 

a. Sally found out the answer. 

b. Sally found out the answer was in the book. 

In sentences (462a) and (462b) (from section 2.1.2.1.1), the parser combines the 

words into the following (|)-phrases: 

(463) 

a. [4 Sally] found out] [4 the answer] 

b. [4 Sally] [4 found out] [4 the answer] [4 was in the book] 

The verb find out takes either a DP complement or a CP complement. 

Accordingly, the parser processes the two extended argument structures, as shown in 

(464) and (465). 
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(464) Stack Track 1 (In Process): 

r 
past D' ACT' 

A 
SALLY ACT D' 

I A 
FIND OUT h 

(465) Stack Track 1 (In Process): 

r 
past D' ACT' 

A 
SALLY ACT C" 

FIND OUT Spec C 

C 

-wh -pred 

The extended argument structure in (464) is thematically interpreted as "Sally acts 

on Y " Similarly, the extended argument structure in (465) is thematically interpreted as 
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"Sally acts on Y." Thus, neither of the local thematic interpretations is complete at this 

point. 

At the next ({i-phrase the answer, the parser can attach the DP the answer as the 

object of the verb found out, resulting in the following extended argument structure: 

(466) Stack Track I (In Process): 

A If 

As 

r 
past D' ACT 

A 
SALLY ACT D' 

I A 
FIND OUT THE ANSWER 

The extended argument structure in (466) is thematically interpreted as "Sally acts 

on the answer." At this point, the predicate element ACT is complete. 

The parser can also attach the AgrP the answer (i.e., the spec-head agreement 

projection) as a complement clause, resulting the following extended argument structures: 
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(467) Stack Track I (Closed): 

r 
ACT" 

past D' ACT' 

A 
SALLY ACT C" 

FIND OUT Spec C 

C 

-wh -pred 

Stack Track 1 (In Process): 

Aer" 

D' Act' 

A ^ 
THE ANSWER A^ 

3sg 

The main clause is closed as the complement clause begins. The main clause is 

thematically interpreted as "Sally acts on some proposition (about the answer)." The 

complement clause lacks a verb, and it is not interpretable in terms of thematic relations. 

Thus, there are two complete local thematic interpretations: "Sally acts on the 

answer" and "Sally acts on some proposition (about the answer)." In all, it is uncertain 

whether Sally acts on the answer or Sally acts on some proposition. However, either of 
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the local thematic interpretations remains consistent with the global thematic interpretation 

in each of the sentences in (462). Because there is no misinterpretation, no garden path 

effect results. 

8.5 Prepositional Phrase Object/Subordinate Clause Subject Ambiguity 

(468) 

a. The guests left before the evening meal. 

b. The guests left before the evening meal was finished. 

In sentences (468a) and (468b) (from section 2.1.2.2), the parser combines the 

words into the following <)>-phrases; 

(469) 

a. [4 the guests] [4 left] before the evening meal] 

b. [4 the guests] [4 left] [4 before the evening meal] [4 was finished] 

The preposition before takes either a DP complement or an AgrP complement. 

Accordingly, the parser processes the following extended argument structures; 
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(470) Stack Track 1 (In Process): 

r 
past GO" MANNER' 

D' GO' MANNER D' 

A I A 
THE GUESTS GO PROPERTY* BEFORE THE EVENING MEAL 

I A 
LEAVE "leaving" 

(471) Stack Track 1 (Closed): 

Aer" 

r 
past D' GO' 

THE GUESTS GO PROPERTY* 

I A 
LEAVE "leaving" 



342 

Stack Track 1 (In Process); 

MANNER' 

MA> 

BEFORE D' : D-

A 
EAL A^ THE EVENING MEAL Ai 

3sg 

I assume that the preposition before is semantically a MANNER. The MANNER 

BEFORE is an "one-place" predicate (i.e., a predicate that takes one argument). In (470), 

the extended argument structure is thematically interpreted as "The guests go before the 

evening meal." In (471), the main clause is closed as the subordinate clause begins. The 

main clause is thematically interpreted as "The guests go." Although the subordinate 

clause lacks a verb, the MANNER has an explicit argument. It can be thematically 

interpreted as "before some event (involving the evening meal)." In all, it is uncertain 

whether the guests go before the evening meal or before some event. However, either of 

the local thematic interpretations remains consistent with the global thematic interpretation 

in each of the sentences in (468). Because there is no misinterpretation, no garden path 

effect results. 

8.6 Coordinate Phrase Object/Coordinate Clause Subject Ambiguity 

(472) 

a. Mary kissed John and his brother. 

b. Mary kissed John and his brother started to laugh. 
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In sentences (472a) and (472b) (from section 2.1.2.3), the parser combines the 

words into the following <t>-phrases: 

(473) 

a. [4 Mary] [4 kissed] [4 John] [4 and his brother] 

b. Mary] kissed] John] and his brother] [4 started] [4 to laugh] 

The coordinating conjunction and conjoins phrases or clauses. Accordingly, the 

parser processes the following extended argument structures; 

(474) Stack Track 1 (In Process): 

r 
3sg T ACT" 

past D' 

A 
MARYACT 

ACT' 

D' 

KISS D' 

A 
JOHN Conj 

D" 

D" 

A 
AND fflS BROTHER 
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(475) Stack Track 1 (Closed): 

A 11 

ACT" 

past D' ACT' 

A 
MARYACT D' 

A 
KISS JOHN 

Stack Track I (In Process): 

Agr" 

Conj 

AND D* Agr* 

A ^ 
HIS BROTHER Aw 

3sg 

I tentatively assume the coordinate structure shown in (474) and (475). In (474), 

the extended argument structure is thematically interpreted as "Mary acts on John and his 

brother." In (475), the main clause is closed as the coordinate clause begins. The main 

clause is thematically interpreted as "Mary acts on John." Although the coordinate clause 

lacks a verb, the conjunction has an explicit argument. It can be interpreted as "and some 

event (involving his brother)." In all, it is uncertain whether Mary acts on John and his 

brother or Mary acts on John and some event is forthcoming. However, either of the local 
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thematic interpretations remains consistent with the global thematic interpretation in each 

of the sentences in (472). Because there is no misinterpretation, no garden path effect 

results. 

8.7 Prepositional Phrase Ambiguity; Verb Complement/Noun Modifier Ambiguity 

(476) # I put the candy on the table into my mouth. 

In sentence (476) (fi-om section 2.1.3), the parser combines the words into the 

following ({)-phrases; 

(477) I put] [4 the candy] [4 on the table] [4 into my mouth] 

At the (j>-phrase the carufy, the parser processes the following extended argument 

structure; 

(478) Stack Track 1 (In Process); 

A it 

SF 

Isg T ACT 

past D' ACT* 

A 
I ACT GO 

PUT D' GO' 

A 
THE CANDY GO PATH' 

A 
h 
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The extended argument structure in (478) is thematicaily interpreted as "I act on 

the candy, causing the candy to go to Z." At this point, the main predicate element ACT is 

complete. On the other hand, the subordinate predicate element GO is still incomplete. 

The second argument of GO has not appeared yet, and it is uncertain where the candy 

goes. Thus, the only complete local thematic interpretation is "I act on the candy." 

At the next ({)-phrase on the table, the parser can attach the PP on the table 

(semantically, a PATH phrase) as a complement of the verb put, resulting in the following 

extended argument structure; 

(479) Stack Track I (In Process): 

r 
ACT" 

past D 

PUT D' 

A 
GO' 

THE CANDY GO PATH* 

PATH D' 

A 
ON THE TABLE 
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The extended argument structure in (479) is thematically interpreted as "I act on 

the candy, causing the candy to go on the table." At this point, the subordinate predicate 

element GO is complete. 

The parser can also attach the PP on the table (semantically, a PLACE phrase) as a 

modifier of the noun comfy, resulting in the following extended argument structure; 

(480) Stack Track 1 (In Process): 

A II 

Ae 

r 
past D ACT' 

PUT D' GO' 

THING* GO PATH' 

\ A 
THE THING' PLACE' h 

A 
CANDY PLACE D' 

I A 
ON THE TABLE 

The extended argument structure in (480) is thematically interpreted as "I act on 

the candy on the table, causing the candy on the table to go to Z." The second argument 

of the subordinate predicate element GO has not appeared yet, and it is uncertain where 

the candy on the table goes. 
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Thus, at this particular point, there is only one complete local thematic 

interpretation; "The candy goes on the table." This local thematic interpretation turns out 

to be inconsistent with the global thematic interpretation. Hence, a garden path effect 

results. 

There are similar garden path effects in the^r-dative construction and the with-

locative construction, as shown in (481). 

(481) 

a. # John baked the cake for Mary for her sister. 

b. # Mary smeared the bread with jam with peanut butter. 

8.8 Complement Clause • Object Relative Clause • Complement Clause Sentential 

Subject • Object Relative Clause Sentential Subject Ambiguity 

(482) # John told the man that Mary kissed that Bill saw Phil. 

As shown in section 7.6, the parser can attach the CP that Mary as a complement 

clause in one structure and as a relative clause in the other. Prior to that point, the parser 

completes the main predicate element, as shown in (483). 
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(483) Stack Track 1 (In Process); 

r 
past D' ACT 

JOHN ACT HAVE" 

TELL D' HAVE' 

THE MAN HAVE C" 

±wh -pred 

The extended argument structure in (483) is thematically interpreted as "John acts 

on the man, causing the man to have Z." At this point, the main predicate element ACT is 

complete. On the other hand, the subordinate predicate element HAVE is still incomplete. 

The second argument of HAVE has not appeared yet, and it is uncertain what the man 

has. Thus, the only complete local thematic interpretation is "John acts on the man." 

Subsequently, the parser attaches the CP that Mary as a complement clause in one 

structure and as a relative clause in the other. The complement clause attachment results in 

the following extended argument structures: 



(484) Stack Track 1 (Closed); 

r 
ACT" 

past D' ACT' 

A 
JOHN ACT HAVE" 

TELL D- HAVE' 

THE MAN HAVE C" 

-wh -pred 

Stack Track I (In Process); 

C" 

Spec C 

C P-" 

THAT 

MARYAj 

3sg 

The main clause is closed as the complement clause begins. The main clause 

thematically interpreted as "John acts on the man, causing the man to have some 

r 
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proposition (about Mary)." At this point, the subordinate predicate element HAVE is 

complete. The complement clause lacks a verb, and it is not interpretable in terms of 

thematic relations. 

The relative clause attachment results in the following extended argument 

structures; 

(485) Stack Track 1 (On Hold); 

r 
past D' ACT' 

JOHN ACT HAVE" 

TELL D' HAVE' 

THE MAN HAVE C" 

±wh -pred 
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Stack Track 2 (In Process); 

THAT D* 

MARYA r 
The main clause is put on hold as the relative clause begins. The main clause is 

thematically interpreted as "John acts on the man, causing the man to have Z." The second 

argument of the subordinate predicate element HAVE has not appeared yet, and it is 

uncertain what the man has. The relative clause lacks a verb, and it is not interpretable in 

terms of thematic relations. 

Thus, at this particular point, there is only one complete local thematic 

interpretation; "The man has some proposition (about Mary)." This local thematic 

interpretation turns out to be inconsistent with the global thematic interpretation. Hence, a 

garden path effect resuhs. 

8.9 Complement Clause • Relative Clause • Relative Clause Sentential Subject Ambiguity 

(486) 

a. The report that the president sent the troops into combat depressed me. 

b. The report that the president sent to us helped us make the decision. 



353 

As shown in section 7.8, the parser can attach the CP that the president as a noun 

complement clause in one structure and as a relative clause in the other. The noun 

complement clause attachment results in the following extended argument structures; 

(487) Stack Track 1 (On Hold): 

Acr" 

D' A^ 

A 
THE REPORT A^ 

3sg 

Stack Track 2 (In Process): 

THAT D' Agr-

A ^ 
THE PRESIDENT A|r 

3sg 

The main clause is put on hold as the noun complement clause begins. Both 

clauses lack verbs, and they are not interpretable in terms of thematic relations. 

The relative clause attachment results in the following extended argument 

structures; 
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(488) Stack Track 1 (On Hold); 

THE REPORT A r 
Stack Track 2 (In Process): 

THAT D' Agr* 

A ^ 
THE PRESIDENT A^ 

3sg 

The main clause is put on hold as the relative clause begins. Both clauses lack 

verbs, and they are not interpretable in terms of thematic relations. 

Thus, there is no complete local thematic interpretation. Because there is no 

complete local thematic interpretation prior to disambiguation, no garden path efifect 

results. 

8.10 First Object/Second Object Ambiguity 

(489) 

a. I gave her earrings to Sally. 

b. 1 gave her earrings on her birthday. 
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As shown in section 6.3, the parser processes three extended argument structures 

at the words / gave her earrings, and they are ready for thematic interpretation. The to-

dative construction is shown in (490). 

(490) Stacic Track 1 (In Process); 

r 
past D' ACT 

A 
I ACT GO" 

GIVE D" GO' 

A 
HER EARRINGS GO TO-PATH' 

A 
h 

The /o-dative construction in (490) is thematically interpreted as "I act on her 

earrings, causing her earrings to go to Z." At this point, the main predicate element ACT 

is complete. 

The parser also processes two double object constructions. One of them is shown 

in (491). 
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(491) Stack Track 1 (In Process): 

Spec 

past D 

I ACT HAVE" 

GIVE D" HAVE' 

A 
HER EARRINGS HAVE D' 

A 
The double object construction in (491) is thematically interpreted as "I act on her 

earrings, causing her earrings to have Z." At this point, the main predicate element ACT is 

complete. 

The other double object construction is shown in (492). 
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(492) Stack Track 1 (In Process): 

Aisr" 

r 
ACT" 

HAVE" 

past D' 

A 
I ACT 

GIVE D' HAVE' 

A 
HER HAVE D' 

A 
EARRINGS 

The double object construction in (492) is thematically interpreted as "I act on her, 

causing her to have earrings." At this point, both the main predicate element ACT and the 

subordinate predicate element HAVE are complete. 

Thus, at this particular point, there are three complete local thematic 

interpretations, and two of them are the same interpretation: "I act on her earrings." The 

other is "I act on her, causing her to have earrings." In all, it is uncertain whether I act on 

her earrings or I act on her, causing her to have earrings. However, either of the local 

thematic interpretations remains consistent with the global thematic interpretation in each 

of the sentences in (489). Hence, no garden path effect resuks. 
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8.11 NounA/^erb Ambiguity 

(493) 

a. The warehouse fires harm some employees each year. 

b. The warehouse fires numerous employees each year. 

As shown in section 6.5, the parser processes two extended argument structures at 

the words the warehouse fires. One of them is shown in (494). 

(494) Stack Track I (In Process); 

THE WAREHOUSE FIRES Agr 

I 
3pl 

The extended argument structure in (494) lacks a verb, and it is not interpretable in 

terms of thematic relations. 

The other extended argument structure is shown in (495). 
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(495) Stack Track I (In Process): 

Agr" 

Spec 

A^ r 

3sg T ACT" 

pres D' ACT 

A 
THE WAREHOUSE ACT D' 

A 
FIRE h 

The extended argument structure in (495) is thematically interpreted as "The 

warehouse acts on Y." The second argument of ACT has not appeared yet, and it is 

uncertain what the warehouse acts on. 

Thus, there is no complete local thematic interpretation. Because there is no 

complete local thematic interpretation prior to disambiguation, no garden path effect 

results. 

However, as shown in chapter 2, noun-verb homographs do cause garden path 

effects in sentences like (496b) and (496d). 

(496) 

a. The building blocks the sun. 

b. # The building blocks the sun faded are red. 

c. The building blocks the sun shining on the house. 

d. # The building blocks the sun shining on the house faded are red. 
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Like the word fire, the word block is a noun-verb homograph. The extended 

argument structures processed at the words the building blocks are structurally identical 

to those in (494) and (495). Subsequently, at the (|>-phrase the sun, the parser processes 

the following extended argument structures; 

(497) Stack Track 1 (On Hold): 

Ai 

A 
THE BUILDING BLOCKS Ai 

3pl 

Stack Track 2 (In Process); 

Ai 

D' 

A 
D' Agr-

THE SUN Agr 

3sg 



361 

(498) Stack Track 1 (In Process); 

Agr" 

Spec 

A^ r 

3sg T ACT" 

pres D' ACT' 

A 
THE BUILDING ACT D' 

A 
BLOCK THE SUN 

In (497), the main clause is put on hold as the relative clause begins. Both clauses 

lack verbs, and they are not interpretable in terms of thematic relations. In (498), the 

extended argument structure is thematically interpreted as "The building acts on the sun." 

At this point, the predicate element ACT is complete. 

Thus, there is only one complete local thematic interpretation; "The building acts 

on the sun." This local thematic interpretation turns out to be inconsistent with the global 

thematic interpretation in each of sentences (496b) and (496d). Hence, a garden path 

effect results. 

Similarly, thematic interpretation accounts for the garden path effect in sentence 

(499a) and the interpretation of sentence (499b). 

(499) 

a. # The editor authors the newspaper hired liked laughed. 

b. Love bears all. 
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8.12 The Verb Be\ Verb Complement/Noun Modifier Ambiguity 

(500) 

a. Is the block sitting in the box red? 

b. Is the block placed in the box red? 

c. Is the block in the box red? 

As shown in chapter 3, the sentences in (500) (fi-om section 2.1.6.3.1) are 

particularly interesting because they pose problems for previous theories of syntactic 

ambiguity resolution. Thematic interpretation accounts for the absence of garden path 

effects. First, consider sentence (500c), the simplest of all. The parser combines the words 

into the following <j)-phrases; 

(501) [4 is the block] [4 in the box] [4 red] 

At the (|>-phrase in the box, the parser can attach the PP in the box as a 

complement of the verb is, resulting in the following extended argument structure; 
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(502) Stack Track 1 (In Process): 

Spec 

Q Spec 

r 
pres D' 

A 
THE BLOCK BE PLACE-

BE PLACE D' 

I A 
IN THE BOX 

The extended argument structure in (502) is thematicaily interpreted as "The block 

is in the box." At this point, the predicate element BE is complete. The letter Q is used to 

denote an interrogative feature that may be generated in C. 

The parser can also attach the PP in the box as a modifier of the noun block, 

resulting in the following extended argument structure; 
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(503) Stack Track I (In Process): 

r 

THING' BE PROPERTV 

A 
h THE THING' PLACE' BE 

A 
BLOCK PLACE D' 

I A 
IN THE BOX 

The extended argument structure in (503) is thematically interpreted as "The block 

in the box is Y." The second argument of BE has not appeared yet, and it is uncertain 

what the block in the box is. (The second argument of BE does not have to be a 

PROPERTY phrase; it can be a THING or PLACE phrase.) 

Thus, there is only one complete local thematic interpretation; "The block is in the 

box." Crucially, this local thematic interpretation remains consistent with the global 

thematic interpretation; "The block in the box is red." Even though the block turns out to 

be red, it remains in the box. Because there is no misinterpretation in terms of thematic 

relations, no garden path effect results. It seems reasonable that no misinterpretation of 
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thematic relations results in no garden path effect. After all, a garden path effect is a 

misinterpretation. 

Similarly, thematic interpretation accounts for the absence of garden path effects in 

sentences (500a) and (500b). Consider sentence (500a). The parser combines the words 

into the following (|)-phrases: 

(504) [4 is the block] sitting] [4 in the box] [4 red] 

Consider the two extended argument structures processed at the 4>-phrase in the 

box: 
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(505) Stack Track 1 (In Process); 

Q Spec 

r 
ores D' 

A 
THE BLOCKi BE PROPERTY-

BE PROPERTY BE" 

prog D' BE' 

A 
(THE BLOCK)i BE PLACE' 

SIT PLACE D' 

A 
IN THE BOX 
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(506) Stack Track 1 (In Process): 

f 

THING' BE PROPERTY' 

I A 
THE THING' PROPERTVBE h 

BLOCKiPROPERTY BE" 

prog D' 

A 
(THE BLOCK), BE 

SIT PLACE 

PLACE' 

D' 

A 
IN THE BOX 

The extended argument structure in (505) (i.e., the progressive construction) is 

thematically interpreted as "The block is in a state where the block is in the box." At this 

point, the predicate element BE is complete. The extended argument structure in (506) is 

thematically interpreted as "The block in a state where the block is in the box is Y." The 

second argument of BE has not appeared yet, and it is uncertain what the block is. 
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Thus, there is only one complete local thematic interpretation; "The block is in a 

state where the block is in the box." This local thematic interpretation remains consistent 

with the global thematic interpretation: "The block in a state where the block is in the box 

is red." Hence, no garden path effect results. 

Finally, consider sentence (500b). The parser combines the words into the 

following (ji-phrases: 

(507) [4 is the block] [4 placed] [4 in the box] [4 red] 

Consider the two extended argument structures processed at the (|)-phrase in the 

box: 
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(508) Stack Track 1 (In Process); 

C" 

Spec C 

C Aer" 

Q Spec A] 

A^ T' 

3sg T BE" 

pres b' BE' 

THE BLOCK, BE PROPERTY-

BE PROPERTY ACT" 

pass D' ACT' 

A 
(X) ACT GO" 

PLACE D' GO' 

A 
(THE BLOCK)i GO PATH-

PATH D' 

I A 
IN THE BOX 
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(509) Stack Track I (In Process): 

r 

THING' BE PROPERTY* 

A 
THE THING' PROPERTVBE h 

A 
BLOCKiPROPERTY ACT" 

(X) ACT 

PLACE D' GO' 

A 
(THE BLOCK); GO PATH* 

PATH D' 

I A 
IN THE BOX 

The extended argument structure in (508) (i.e., the passive construction) is 

thematically interpreted as "The block is in a state where X acts on the block, causing the 

block to go in the box." At this point, the predicate element BE is complete. The extended 

argument structure in (509) is thematically interpreted as "The block in a state where X 
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acts on the block, causing the block to go in the box is Y." The second argument of BE 

has not appeared yet, and it is uncertain what the block is. 

Thus, there is only one complete local thematic interpretation; "The block is in a 

state where X acts on the block, causing the block to go in the box." This local thematic 

interpretation remains consistent with the global thematic interpretation; "The block in a 

state where X acts on the block, causing the block to go in the box is red." Hence, no 

garden path effect results. 

8.13 The Verb Have: Perfective/Periphrastic Causative Ambiguity 

(510) 

a. Have the boys take the exam today. 

b. Have the boys taken the exam today? 

In sentences (510a) and (51 Ob) (from section 2.1.6.3.2), the parser combines the 

words into the following (|)-phrases; 

(511) 

a. [4 have the boys] [4 take] [4 the exam] [4 today] 

b. [4 have the boys] [4 taken] [4 the exam] [4 today] 

The verb have has a variety of argument structures. Sentence (510a) is the 

periphrastic causative construction. Sentence (51 Ob) is the perfective construction. I 

assume that the two sentences are represented by the following extended argument 

structures; 



HAVE-

HAVE' 

HAVE GO" 

HAVED' GO' 

A 
THE BOYSi GO 

ACT" 

ACT" MANNER' 

D' 

A 
(THE BOYS)i ACT 

A 
ACT' TODAY 

D' 

I A 
TAKE THE EXAM 
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Q Spec 

r 
HAVE" 

pres HAVE" MANNER' 

A 
D' HAVE'TODAY 

A 
THE BOYSi HAVE PROPERTY 

HAVE PROPERTY ACT ' 

I 
perf D' 

A 
(THE BOYS)i ACT 

ACT 

D' 

A 
TAKE THE EXAM 

The periphrastic causative construction in (512) may read "X has the boys going to 

act on the exam today." I assume that it consists of a HAVE and a GO taking a bare 

infinitive (i.e., an IP). The perfective construction in (513) reads "The boys have a state 

today where the boys act on the exam." 

Consider the two extended argument structures processed at the <|>-phrase have the 

boys: 
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(514) Stack Track 1 (In Process): 

HAVE" 

HAVE' 

; HAVE 

HAVED' 

THE BOYS GO 

(515) Stack Track 1 (In Process): 

C" 

Q Spec 

r 
HAVE" 

HAVE' pres D' 

A 
THE BOYS HAVE PROPERTY' 

HAVE PROPERTY ACT" 

I A 
perf h 

In (514), the first argument of HAVE is an implicit argument, and it is uncertain 

who has the boys. In (515), the second argument of HAVE has not appeared yet, and it is 

uncertain what the boys have. 
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Thus, there is no complete local thematic interpretation. Because there is no 

complete local thematic interpretation prior to disambiguation, no garden path effect 

results. After all, the words have the boys have only one argument, and they cannot satisfy 

a two- or three-place predicate. 

As shown in chapter 2, sentences like (516a) cause garden path effects, whereas 

sentences like (516b) do not. 

(516) 

a. # Have the soldiers given their medals by their sweethearts. 

b. Have the soldiers given their medals to their sweethearts? 

In sentences (516a) and (516b), the parser combines the words into the following 

(t)-phrases: 

(517) 

a. have the soldiers] [4 given] their medals] [4 by their sweethearts] 

b. [4 have the soldiers] [4 given] [4 their medals] [4 to their sweethearts] 

Consider the two extended argument structures processed at the (t)-phrase their 

medals. The periphrastic causative construction is shown in (518). 
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(518) Stack Track 1 (In Process): 

HAVE" 

HAVE-

HAVE 

HAVE D' GO' 

THE SOLDIERS, GO PROPERTV 

PROPERTY ACT" 

HAVE" 

HAVE' 

pass D' 

A 
(X) ACT 

GIVE D' 

A 
(THE SOLDIERS), HAVE D" 

A 
THEIR MEDALS 

The periphrastic causative construction in (S18) is thematically interpreted as "Y 

has the soldiers attaining the property of X's acting on the soldiers, causing the soldiers to 

have their medals." The first argument of the main predicate element HAVE is an implicit 

argument, and it is uncertain who has the soldiers attaining such a property. 

The perfective construction is shown in (519). 



377 

(519) Stack Track 1 (In Process): 

Spec 

Q Spec 

r 
HAVE" 

pres D' HAVE' 

THE SOLDIERS; HAVE PROPERTY' 

HAVE PROPERTY ACT" 

I 
ACT' perf D' 

A 
(THE SOLDIERS); ACT GO" 

GIVE D" GO' 

A 
THEIR MEDALS GO TO-PATH' 

A 
h 

The perfective construction in (S19) is thematically interpreted as "The soldiers 

have a state where the soldiers act on their medals, causing the medals to go to Z." At this 

point, an initial part of the perfective construction is complete, and it is certain that the 

soldiers have a state where the soldiers act on their medals. 

Thus, there is only one complete local thematic interpretation: "The soldiers have a 

state where the soldiers act on their medals." This local thematic interpretation turns out 
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to be inconsistent with the global thematic interpretation in sentence (516a). Hence, a 

garden path effect results. 

8.14 The Word Ihat: At the Beginning of a Sentence 

(520) # That deer ate everything in my garden surprised me. 

In sentence (520) (from section 2.1.6.4.1), the parser combines the words into the 

following i|>-phrases; 

(521) [4 that deer] [4 ate] [4 everything] [4 in my garden] [4 surprised me] 

The (|)-phrase /hai deer is ambiguous between the subject of a main clause and the 

sentential subject of a main clause. Consider the extended argument structures processed 

at the (j>-phrase everything-. 

(522) Stack Track 1 (In Process): 

Sf 

3sg T ACT" 

past D' ACT' 

A 
THAT DEER ACT D' 

I A 
EAT EVERYTHING 
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(523) Stack Track I (On Hold): 

Acr" 

Spec Aj! 

Ac T 
3sg 

Stack Track 2 (In Process): 

THAT Spec 

r 
past D' 

A 
DEER ACT 

ACT' 

D' 

I A 
EAT EVERYTHING 

In (522), the extended argument structure is thematically interpreted as "That deer 

acts on everything." At this point, the predicate element ACT is complete. In (523), the 

main clause is put on hold. Moreover, it lacks a verb, and it is not interpretable in terms of 

thematic relations. Although the sentential subject is apparently thematically interpreted as 

"Deer act on everything," it is not the main clause. Thus, there is only one complete local 

thematic interpretation of the main clause: "That deer acts on everything." This local 
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thematic interpretation turns out to be inconsistent with the global thematic interpretation. 

Hence, a garden path effect resuks. 

8.IS Prepositional Phrase Ambiguity; Verb Modifier/Noun Modifier Ambiguity 

Sentences (524a) and (S24b) (from section 2.2.1) are globally ambiguous 

sentences. The parser combines the words into the following (fi-phrases; 

a. the spy] [4 saw] the cop] [4 with binoculars] 

b. [4 the spy] saw] [4 the cop] with a revolver] 

At the <|)-phrase the cop, the parser processes the following extended argument 

structure; 

(526) Stack Track (In Process); 

(524) 

a. The spy saw the cop with binoculars. 

b. The spy saw the cop with a revolver. 

(525) 

Agr" 

Spec 

3sg T ACT" 

past D' ACT' 

A 
THE SPY ACT D' 

A 
SEE THE COP 
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The extended argument structure in (526) is thematically interpreted as "The spy 

acts on the cop." At this point, the predicate element ACT is complete. 

In sentence (S24a), the next (|>-phrase is with binoculars. The parser can attach the 

PP (semantically, a BY phrase; from Jackendofif, 1990b) as a modifier of the verb saw. 

The parser can also attach the PP (semantically, a PROPERTY phrase) as a modifier of 

the noun cop. The two extended argument structures are shown in (527) and (528). 

(527) Stack Track (In Process): 

Ai 

Spec 

3sg T ACT 

A 
D' ACT' WITH BINOCULARS 

A 
THE SPY ACT D' 

A 
SEE THE COP 
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(528) Stack Track (In Process): 

r 
past D' 

A 
THE SPY ACT 

THING-SEE D 

THE THING' PROPERTV 

A A 
COP WITH BINOCULARS 

The extended argument structure in (527) is thematically interpreted as "The spy 

acts on the cop by binoculars." The extended argument structure in (528) is thematically 

interpreted as "The spy acts on the cop (who is) with binoculars." 

Thus, there are two thematic (rather, modification) interpretations, and they are 

apparently mutually exclusive. It is inconceivable that the spy used binoculars to see the 

cop who had the binoculars. As a result, people generally prefer a plausible interpretation 

to an implausible interpretation. 

8.16 Puns 

(529) She criticized his apartment, so he knocked her flat. 
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As shown in section 6.9, the parser processes two extended argument structures at 

the words so he knoclxd her flat, and they are ready for thematic interpretation. The 

transitive construction is shown in (530). 

(530) Stack Track 1 (In Process): 

SO' 

SO Spec 

r 
ACT" 

past D' ACT' 

A 
HE ACT D" 

i A 
KNOCK HERFLAT 

The transitive construction in (530) is thematically interpreted as "So he acts on 

her flat." At this point, the predicate element ACT is complete. 

The resultative construction is shown in (531). 
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(531) Stack Track 1 (In Process): 

SO 

SO Spec A 

r 
ACT" 

past D' ACT' 

HE ACT GO" 

KNOCK D' GO' 

A 
HER GO PROPERTY* 

A 
FLAT 

The resultative construction in (S31) is thematicaily interpreted as "So he acts on 

her, causing her to go flat." At this point, both the main predicate element ACT and the 

subordinate predicate element GO are complete. 

Thus, there are two complete global thematic interpretations, and they are both 

contextually appropriate. Hence, a pun effect results. 

Similarly, thematic interpretation accounts for the pun effect in the spoken 

sentence in (532). 

(532) Seven days without water make one weak (week). 

The spoken sentence in (532) is globally ambiguous between the transitive 

construction and the periphrastic causative construction. Presumably, this transitive 
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construction is a GO taking a THING phrase, as in (S33a), which is different from an ACT 

taking a THING phrase, as in (533b) (examples from Bresnan, 1978). 

(533) 

a. The boys made good cooks. 

b. The boys made good cakes. 

The spoken sentence in (532) causes a pun effect because both the transitive 

construction and the periphrastic causative construction are simultaneously complete. 

In addition, simultaneous completion of multiple argument structures can explain 

why the following conversation is funny (as cited in Pinker, 1989, p. 163): 

(534) Groucho: Call me a taxi. 

Chico; You're a taxi. 

In (534), Groucho's utterance is semantically ambiguous. One meaning results 

from the double object construction consisting of an ACT and a HAVE. The other 

meaning presumably results from the double object construction consisting of an ACT and 

a GO taking a THING phrase. Groucho's utterance is particularly interesting because it is 

syntactically unambiguous. Groucho's intention and Chico's interpretation (rather, 

misinterpretation) are based on the same syntactic structure: the double object 

construction. Evidently, syntactic compositionality is inadequate for accounting for the 

two thematic interpretations. Groucho's utterance alone does not cause a pun effect, but 

Chico makes people recognize that Groucho's utterance is ambiguous. 



Simultaneous completion of multiple argument structures is a necessary but not 

sufficient condition for a pun efifect. An appropriate context seems to be necessary for a 

pun efifect. Consider the following sentence; 

(535) I saw her duck. 

Sentence (535) has a similar syntactic ambiguity to those in sentences (529) and 

(532). (The word duck is either a noun or a verb.) However, the sentence does not seem 

to cause a pun effect. Probably, the absence of a pun efifect is due to the lack of context. 

The following context might help; 

(536) A; Look! Her duck flew over her head. 

B; I saw her duck. 
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9 CLAUSAL ANALYSIS 

The fourth stage of parsing is clausal analysis. The parser processes a complex 

sentence clause by clause. This chapter shows that clausal analysis accounts for the 

remaining data. This chapter also summarizes the findings. 

9.1 Adverbial Ambiguity; Main Clause Verb Modifier/Complement Clause Verb Modifier 

Ambiguity 

(537) Tom said that Bill left yesterday. 

In sentence (537) (from section 2.2.2), the parser combines the words into the 

following ({i-phrases; 

(538) [4 Tom] said] [4 that Bill] [4 left] yesterday] 

The parser processes sentence (537) clause by clause (by the extended argument 

structure), as shown in (539). 

(539) 

a. Stack Track I; TOM (In Process) 

b. Stack Track I: TOM SAID (In Process) 

c. Stack Track I; TOM SAID (Closed) 

Stack Track 1; THAT BILL (In Process) 

d. Stack Track 1: THAT BILL LEFT (In Process) 

e. Stack Track 1; THAT BILL LEFT YESTERDAY (In Process/Closed) 
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In (539c), the parser attaches the CP that Bill as a complement clause and closes 

the main clause. Hence, when the adverb yesterday appears, the parser must attach it as a 

modifier of the complement clause verb. 

In addition, consider the following sentences ((540a) from Church, 1982; (540b) 

from Gibson, 1991): 

(540) 

a. I called the guy who smashed my brand new car a rotten driver. 

b. The policeman persuaded the man who admitted his guilt to turn himself in. 

Each of the sentences in (540) has a relative clause, and the words following the 

relative clause can be easily attached to the main clause verb. For example, consider 

sentence (540a). The parser combines the words into the following ()i-phrases; 

(541) I called] [4 the guy] who smashed] my brand new car] [4 a rotten driver] 

The parser processes sentence (540a) clause by clause, as shown in (542). 

(542) 

a. Stack Track 1:1 CALLED (In Process) 

b. Stack Track 1:1 CALLED THE GUY (In Process) 

c. Stack Track 1:1 CALLED THE GUY (On Hold) 

Stack Track 2: WHO SMASHED (In Process) 

d. Stack Track 1:1 CALLED THE GUY (On Hold) 

Stack Track 2: WHO SMASHED MY BRAND NEW CAR (In Process) 
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e. Stack Track 1:1 CALLED THE GUY A ROTTEN DRIVER (In Process/Closed) 

Stack Track 2: WHO SMASHED MY BRAND NEW CAR (Closed) 

In (542c), the parser attaches the CP who smashed as a relative clause and puts the 

main clause on hold. Subsequently, when the DP a rotten driver appears and cannot be 

attached to the relative clause who smashed my brand new car, the parser resumes 

processing the main clause and attaches the DP as the second object of the main clause 

verb called. 

It is important to note that clausal analysis is independent of recency preference. 

Recency preference (Gibson, 1991) accounts for the preferred interpretations in complex 

noun phrases like (543) (from Cuetos & Mitchell, 1988). 

(543) the daughter of the colonel who had had the accident 

In the noun phrase in (543), the relative clause who had had the accident can be 

attached as either a modifier of the recent noun colonel or a modifier of the distant noun 

daughter. Apparently, there is a preference for the recent noun attachment. 

However, a preference for recent noun attachments is evidently not universal. 

Although there is a preference for recent noun attachments in English (Carreiras & 

Clifton, 1999; Cuetos & Mitchell, 1988; but see Carreiras & Clifton, 1993) and Italian (De 

Vincenzi & Job, 1993, 1995), there is a preference for distant noun attachments in such 

languages as Dutch (Brysbaert & Mitchell, 1996), French (Zagar, Pynte, & Rativeau, 

1997), German (Hemforth, Konieczny, & Scheepers, 2000), and Spanish (Carreiras & 

Clifton, 1993, 1999; Cuetos & Mitchell, 1988; Gibson, Pearlmutter, & Torrens, 1999). 
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Gibson, Pearlmutter, Canseco-Gonzalez, and Ifickok (1996) tested recency 

preference by using complex noun phrases with three attachment sites, as in (S44). 

(544) the lamp near the painting of the house that was damaged in the flood 

In the noun phrase in (544), the relative clause that was damaged in the flood can 

be attached as a modifier of the recent noun house, a modifier of the middle noun 

painting, or a modifier of the distant noun lamp. Gibson et al. (1996) found the evidence 

that both English speakers and Spanish speakers prefer recent noun attachments to distant 

noun attachments and least prefer middle noun attachments (see also Gibson et al., 1999, 

for Spanish data). Miyamoto, Gibson, Pearlmutter, Aikawa, and Miyagawa (1999) found 

the same order of attachment preference in Japanese, a head-final language in which the 

relative clause precedes the noun that it modifies. 

Relative clause attachments have been studied extensively. Gilboy, Sopena, 

Clifton, and Frazier (1995) found the evidence that relative clause attachments are affected 

by not only recency but also plausibility. 

On the other hand, clausal analysis appears to be universal. Researchers have noted 

that there is a preference for recent verb attachments not only in English but also in Czech 

(Cowper, 1976) and Spanish (Gibson et al., 1996). 

Pearlmutter and Gibson (2001) tested recency preference by using complex 

sentences with three attachment sites, as in (545). 

(545) The judge noted that the guard confirmed that the prisoner confessed the crime last 

week when testimony continued in the trial. 
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In sentence (545), the adverbial last week can be attached as a modifier of the 

recent verb confessed, a modifier of the middle verb confirmed, or a modifier of the 

distant verb noted. Pearhnutter and Gibson (2001) found the evidence that English 

speakers prefer recent verb attachments to middle verb attachments and least prefer distant 

verb attachments. This order of attachment preference differs fi'om that of relative clause 

attachments, but it is consistent with clausal analysis. 

Clausal analysis is also unaffected by plausibility and even grammaticality. Cowper 

(1976) gave the following example; 

(546) # Tom said that Ed is a fool last night. 

In sentence (546), the adverbial last night cannot be attached as a modifier of the 

complement clause verb is because the adverbial and the verb do not match in tense. 

Nevertheless, there is a strong preference for the complement clause verb attachment (see 

also Frazier & J. D. Fodor, 1978; Gibson, 1991; Gibson et al., 1996; Milsark, 1983). This 

strong preference is consistent with clausal analysis. 

9.2 Summary 

I proposed a fairly explicit and comprehensible theory of syntactic ambiguity 

resolution. The findings indicate that the four classes of syntactically ambiguous sentences, 

described in chapter 1, are subdivided into distinct classes. 

1. Locally ambiguous sentences that cause garden path effects are divided into 

three classes; (a) sentences whose local (|)-phrases turn out to be inconsistent with the 

global ((i-phrases (e.g.. The cotton clothing is made of grows in Mississippi), (b) sentences 
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whose local attachments turn out to be inconsistent with the global attachments (e.g.. My 

brother ordered the woman from Italy a spaghetti dinner had been spilled on accidentally 

a large steak and a salad), and (c) sentences whose local thematic interpretations turn out 

to be inconsistent with the global thematic interpretations (e.g.. The horse raced past the 

bam fell). 

2. Locally ambiguous sentences that do not cause garden path efifects are divided 

into five classes; (a) sentences whose local ambiguities are resolved within (t)-phrases (e.g., 

The military might of that country is very dangerous. The military might be very 

dangerous in that country), (b) sentences whose local (|)-phrases remain consistent with 

the global ())-phrases (e.g.. The cotton clothing is made in Mississippi), (c) sentences 

whose local attachments remain consistent with the global attachments (e.g., John told the 

man that kissed Mary that Bill saw Phil), (d) sentences whose local thematic 

interpretations remain consistent with the global thematic interpretations (e.g., Sally found 

out the answer was in the book. Is the block in the box red?), and (e) sentences whose 

local thematic interpretations are incomplete prior to disambiguation (e.g.. The monkeys 

chased out of the cage never returned). 

3. Globally ambiguous sentences that cause pun effects are sentences whose global 

thematic interpretations are simultaneously complete (e.g.. She criticized his apartment, 

so he knocked her flat). 

4. Globally ambiguous sentences that do not cause pun effects are divided into two 

classes; (a) sentences whose modification ambiguities are resolved in favor of plausible 
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interpretations (e.g.. The spy saw the cop with binoculars. The spy saw the cop with a 

revolver) and (b) sentences whose modification ambiguities are resolved within clauses 

(e.g., Tom said that Bill leftyesterdc )̂. 

As mentioned in chapter 1,1 focused on effects of linguistic information on 

syntactic ambiguity resolution. I showed that syntactic ambiguities are resolved through 

the ways in which multiple levels of linguistic representation are incrementally processed. 

The linguistic structures that I assumed—particularly, extended argument structures based 

on Pinker's (1989) semantic structures—may raise a variety of questions. However, as 

described in chapter 4, Pinker's semantic structures are supported by linguistic data and 

language acquisition data. I showed that they are supported by language processing data. 

It is important to emphasize that the linguistic structures that I assumed are independently 

supported by linguistic evidence. 

There remains a question about effects of nonlinguistic information on syntactic 

ambiguity resolution. I only suggest that the present theory does not contradict with the 

fact that nonlinguistic information as well as linguistic information affects syntactic 

ambiguity resolution. Although effects of nonlinguistic information pose a problem for 

serial parsing theories, they do not pose a problem for parallel parsing theories like this 

theory. Effects of lexical frequency may arise from the order of lexical retrieval (e.g., 

McElree, 1993). Effects of plausibility and of discourse context are likely to be due to the 

principles proposed by Grain and Steedman (1985). Referential processing is independent 

of thematic processing. For example, understanding what entity the word wife refers to is 
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independent of understanding what role the wife plays in the event expressed by the 

predicate. Certainly, they are not mutually exclusive. Both are needed to comprehend the 

sentence. To explain effects of plausibility and of discourse context, I assume Grain and 

Steedman's referential theory. 

In the remaining chapters, I will discuss applications of this theory. In the next 

chapter, I will show that effects of context are modulated by effects of verb class and of 

clausal analysis. Chapters 11 and 12 are devoted to defending the present theory. Clearly, 

the success attained by the present theory is owing to the use of lexical information. 

However, Frazier and her colleagues have presented three arguments against the view that 

the parser uses lexical information; (a) The human parser can process sentences with novel 

words, which have no lexical information (Frazier, 1989; Frazier & Clifton, 1996); (b) the 

human parser may ignore subcategorization information (Frazier, 1987a; Mitchell, 1987); 

and (c) the human parser can attach arguments in a verb-final construction before a verb 

appears and provides subcategorization information (e.g., Bader & Lasser, 1994; Frazier, 

1987b; Kamide & Mitchell, 1999). In chapter 11,1 will discuss the first and second 

problems. In chapter 12,1 will discuss the third problem. In chapter 13, the final chapter, I 

will bring up a controversial topic; the relationship between grammar and processing. 
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10 CONTEXTUAL EFFECTS 

In this chapter, I will show that effects of context—both plausibility and 

discourse—on syntactic ambiguity resolution are modulated by effects of verb class. I will 

also show that effects of context are modulated by effects of clausal analysis. 

10.1 Prepositional Phrase Ambiguity 

Altmann and Steedman (1988) originally found effects of discourse context on PP 

attachments. They used contexts like those in (547) and sentences like those in (548). 

(547) 

a. A burglar broke into a bank carrying some dynamite. He planned to blow open a 

safe. Once inside he saw that there was a safe which had a new lock and a 

strongbox which had an old lock. 

b. A burglar broke into a bank carrying some dynamite. He planned to blow open a 

safe. Once inside he saw that there was a safe which had a new lock and a safe 

which had an old lock. 

(548) 

a. The burglar blew open the safe with the dynamite and made off with the loot. 

b. The burglar blew open the safe with the new lock and made off with the loot. 

Context (547a) has one safe; context (547b) has two safes. Sentence (548a) has a 

verb modifier; sentence (548b) has a noun modifier. Altmann and Steedman (1988) found 

the evidence that the one-referent context induces the verb modifier interpretation. 
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whereas the two-referent context induces the noun modifier interpretation. This finding 

supports Grain and Steedman's (198S) referential theory. 

However, Ferreira and Clifton (1986) did not find efifects of discourse context. 

They used sentences like those in (549). 

(549) 

a. Sam loaded the boxes on the cart onto the van. 

b. Katie laid the dress on the floor onto the bed. 

c. George placed the record on the shelf onto the turntable. 

d. Leslie positioned the dress on the rack onto the display. 

Initially, the conflicting findings were attributed to different experimental methods 

and contexts (see Clifton & Ferreira, 1989; Steedman & Altmann, 1989; for discussion). 

However, several researchers (Britt, 1994; Britt et al., 1992; Rayner et al., 1992) have 

recognized that different studies used different classes of verbs. In other words, verb 

classes were not controlled by the experiments. For example, consider the sentences in 

(548). The verb blow only takes a DP complement and does not take a PP complement. 

On the other hand, each of the verbs in the sentences in (549) takes a DP complement and 

a PP complement. In fact, the sentences in (548) do not cause garden path effects in null 

contexts, but the sentences in (549) do. Studies that found effects of discourse context 

mostly used verbs that do not take PP complements (Altmarm & Steedman, 1988; Britt et 

al., 1992), whereas studies that did not find effects of discourse context mostly used verbs 

that take PP complements (Britt, 1994; Ferreira & Clifton, 1986; Rayner et al., 1992). 
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10.2 Main Clause/Reduced Relative Clause Ambiguity 

Effects of context on syntactic ambiguity resolution can be found in other 

constructions, including the reduced relative clause construction. Trueswell et al. (1994) 

found effects of animacy. They used sentences like those in (550). 

(550) 

a. The evidence examined by the lawyer turned out to be unreliable. 

b. The defendant examined by the lawyer turned out to be unreliable. 

Trueswell et al. (1994) showed that sentences with inanimate subjects, as in 

(550a), are easier to process than sentences with animate subjects, as in (550b). 

Similarly, Tabossi et al. (1994) found effects of plausibility. They used sentences 

like those in (551). 

(551) 

a. The candidate interviewed by the editor proved unfit for the job. 

b. The reporter interviewed by the editor proved unfit for the job. 

Arguably, sentence (551a) is more plausible than sentence (551b) because the 

candidate is more likely to be interviewed than the reporter. Tabossi et al. (1994) showed 

that more plausible sentences are easier to process than less plausible sentences. 

However, Rayner et al. (1983) did not find effects of plausibility. They used 

sentences like those in (552). 

(552) 

a. The performer sent the flowers was very pleased. 
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b. The florist sent the flowers was very pleased. 

Arguably, sentence (552a) is more plausible than sentence (552b) because the 

performer is more likely to be sent the flowers than the florist. Nevertheless, Rayner et al. 

(1983) did not find effects of plausibility. 

MacDonald et al. (1994b) argued that the conflicting findings are due to the fact 

that diflferent studies used verbs that differ in tense fi'equency. They examined the 

materials used by 12 studies and found that the mean percentages of past-participle usages 

of the verbs in the materials are higher in the studies that found effects of context than in 

the studies that did not find effects of context. However, there is a possibility that effects 

of lexical fi'equency (i.e., active vs. passive) are confounded with effects of tense 

fi'equency (i.e., past tense vs. past participle). 

There is another explanation. As mentioned in chapter 1, Bever (1970) originally 

noted that whereas passive causative verbs cause garden path effects, passive transitive 

verbs do not cause garden path effects. Since then, Gibson (1991) and Pritchett (1988, 

1992) rediscovered the effects of verb class. Consider the sentences in (550) and (551). 

The verb examined and the verb interviewed are both passive transitive verbs. On the 

other hand, the verb sent in the sentences in (552) is a passive double object verb. Unlike 

passive transitive verbs, passive double object verbs cause garden path effects (Gibson, 

1991; Pritchett, 1992). In fact, whereas the sentences in (550) and (551) do not cause 

garden path effects in null contexts, the sentences in (552) do cause garden path effects in 

null contexts. 
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I examined the materials used by 9 out of the 12 studies reviewed by MacDonald 

et al. (1994b). They are the published studies that provide the lists of the materials in their 

appendices. Additionally, I examined the materials used by Ferreira and Clifton (1986) in 

their second experiment. It was not included in MacDonald et al.'s meta-analysis. I found 

that the verbs (N = 199) can be divided into five classes. Appendix shows the materials 

divided into the five classes. Three of the five classes should be familiar; (a) passive 

causative verbs (n = 24), (b) passive transitive verbs (n = 142), and (c) passive double 

object verbs (n = 24). They are the majority. The exceptional verbs can be divided into 

passive "object control" verbs (« = 2) and passive "optionally-intransitive transitive" verbs 

(« = 7). The materials with passive object control verbs are shown in (553) ((553a) fi-om 

Rayner et al., 1983; (553b) fi-om Ferreira & Clifton, 1986). 

(553) 

a. The hitchhikers/visitors expected to arrive on Monday were detained by the 

weather. 

b. The man expected to die would not give up easily. 

The sentences in (553) seem to cause garden path effects because the verbs are 

mistaken for alternative verbs. Each of the sentences has the verb expected. The verb 

expect alternates between two classes of verbs, as shown in (554). 

(554) 

a. The hitchhikers expected to arrive on Monday. 

b. The hitchhikers expected the man to arrive on Monday. 
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In sentence (554a), the verb expected takes an infinitival complement whose 

implicit subject refers to the subject of the main clause. This class of verb can be called a 

subject control verb. In sentence (554b), the verb expected tdkes a DP complement and an 

infinitival complement whose implicit subject refers to the object of the verb expected. 

This class of verb can be called an object control verb. 

The sentences in (553) seem to cause garden path effects because the passive 

object control verbs are mistaken for active subject control verbs. It is interesting to note 

that object control verbs do not allow heavy DP shifts because they are mistaken for 

subject control verbs, as shown in (555). 

(555) # The hitchhikers expected to arrive on Monday the man who was detained by the 

weather. 

The materials with passive optionally-intransitive transitive verbs are shown in 

(556) ((556a)-(556b) fî om Rayner et al., 1983; (556c)-(556f) fi-om Ferreira & Clifton, 

1986; and (556g) fi-om MacDonald, 1994). 

(556) 

a. The lawyer/doctor sued for damages lost the lawsuit due to a technicality. 

b. The tourists/townspeople asked for directions refused to give them even when they 

could. 

c. The man/question asked about the murder could not be answered. 

d. The children/stories told about the incident were a great source of concern. 

e. The union sued for damages didn't expect the settlement to be large. 
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f. The man asked for directions pulled out a map of New England. 

g. The townspeople didn't know why the criminal/ransom paid for Timmy's safe 

release/a long time ago was never traced by the police. 

The sentences with animate subjects in (SS6) seem to cause garden path effects 

because the verbs are mistaken for alternative verbs. For example, consider sentence 

(556c). The verb ask alternates between an intransitive verb and a transitive verb, as 

shown in (557). 

(557) 

a. The man asked about the murder. 

b. The man asked the cop about the murder. 

The sentences with animate subjects in (556) seem to cause garden path effects 

because the passive optionally-intransitive transitive verbs are mistaken for active 

intransitive verbs. In fact, optionally-intransitive transitive verbs do not allow heavy DP 

shifts because they are mistaken for intransitive verbs, as shown in (558). 

(558) # The man asked about the murder the cop whom the spy saw with binoculars. 

In sum, passive causative verbs (e.g., raced), passive double object verbs (e.g., 

sent), passive object control verbs (e.g., expected), and passive optionally-intransitive 

transitive verbs (e.g., asked) cause garden path effects because they are mistaken for 

alternative verbs prior to disambiguation. On the other hand, passive transitive verbs (e.g., 

examined) do not cause garden path effects because they are not mistaken for alternative 

verbs prior to disambiguation. 
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I divided the materials of each study into the five classes of verbs and examined the 

percentage of the materials that have passive causative verbs, passive double object verbs, 

passive object control verbs, or passive optionally-intransitive transitive verbs (i.e., those 

verbs that are prone to garden path effects). Because it predicts an average of garden path 

effects in null contexts, it may be called a "garden path average" (GPA). I hypothesized 

that the GPA predicts the effectiveness of context: The higher the GPA, the less effective 

the context. Table 2 shows the GP As of the five studies of effects of plausibility. It also 

shows the mean past-participle fi-equencies, adapted fi'om MacDonald et al. (1994b), 

together with the experimental findings. 

Table 2 

Effects of Plausibility Modulated by Verb Tense Frequency Information and Verb Class 
Information 

Study %PPart %GPA Effects 

Ferreira & Clifton (1986, Experiment 1) 47.4 12.5 Ineffective 

Rayner et al. (1983) 60 100 Ineffective 

Trueswell et al. (1994) 61 0 Effective 

MacDonald (1994, Experiment 2) 64.1 12.5 Effective 

Tabossi et al. (1994) 66.9 0 Effective 

Note. %PPart = Mean percentage of past-participle (vs. past-tense) usage of ambiguous 
verbs in stimulus materials, adapted fi-om MacDonald et al. (1994b, p. 146). %GPA = 
Percentage of the stimulus materials that have passive causative verbs, passive double 
object verbs, passive object control verbs, or passive optionally-Intransitive transitive 
verbs. 
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Table 2 indicates that one of the two studies that did not find efifects of 

plausibility—Rayner et al. (1983)—had a perfect GPA and that the three studies that 

found effects of plausibility had low GPAs. Ferreira and Clifton's study (1986) is 

exceptional. However, Trueswell et al. (1994) noted that there are problems with Ferreira 

and Clifton's materials. Except Ferreira and Clifton's study, the GPA correctly predicts 

the effectiveness of plausibility. 

Table 3 shows the GPAs of the five studies of effects of discourse context. It also 

shows the mean past-participle frequencies, adapted fi'om MacDonald et al. (1994b), 

together with the experimental findings. 

Table 3 

Effects of Discourse Context Modulated by Verb Tense Frequency Information and Verb 
Class Information 

Study %PPart %GPA Effects 

Rayner et al. (1992) 44.4 100 Ineffective 

Britt et al. (1992) 47 100 Ineffective 

Ferreira & Clifton (1986, Experiment 2) — 100 Ineffective 

Trueswell & Tanenhaus (1991) 47.6 0 Effective 

Spivey-Knowlton et al. (1993) 71.3 0 Effective 

Note. %PPart = Mean percentage of past-participle (vs. past-tense) usage of ambiguous 
verbs in stimulus materials, adapted fi-om MacDonald et al. (1994b, p. 146). The dash 
indicates that the mean past-participle fi'equency was unreported. %GPA = Percentage of 
the stimulus materials that have passive causative verbs, passive double object verbs, 
passive object control verbs, or passive optionally-intransitive transitive verbs. 
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Table 3 indicates that the three studies that did not find effects of discourse context 

had perfect CPAs and that the two studies that found effects of discourse context had zero 

GPAs. Clearly, effects of discourse context are modulated by effects of verb class. 

More recently, McRae et al. (1997, 1998) found effects of plausibility, and Spivey 

and Tanenhaus (1998) found effects of discourse context. They exclusively used passive 

transitive verbs, and the GPAs of their studies were zero. On the other hand, Murray and 

Liversedge (1994) reported that they did not find effects of discourse context. Although 

they did not provide a list of the materials, they gave an example; 

(559) The man dressed as a woman looked quite ridiculous. 

Sentence (SS9) seems to cause a garden path effect because the verb dressed is 

mistaken for an alternative verb. The verb dress alternates between two classes of verbs, 

as shown in (560). 

(560) 

a. The man dressed as a woman. 

b. The man dressed the actor as a woman. 

In sentence (560a), the verb dressed can be seen as a subject control verb because 

the os-complement is controlled by the subject. (The man dressed as a woman.) In 

sentence (560b), the verb dressed can be seen as an object control verb because the as-

complement is controlled by the object of the verb. (The actor was dressed as a woman.) 

Sentence (559) seems to cause a garden path effect because the passive object control 
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verb is mistaken for an active subject control verb. As expected, the verb dress does not 

allow heavy DP shifts, as shown in (561). 

(561) # The man dressed as a woman the actor who looked quite ridiculous. 

Spivey and Tanenhaus (1998) mentioned that they had looked at Murray and 

Liversedge's (1994) materials (from Liversedge's unpublished dissertation) and found that 

passive double object verbs were typically used. It seems likely that Murray and 

Liversedge did not find effects of discourse context because the GPA of their study was 

high (see also Spivey-Knowlton & Tanenhaus, 1994, for discussion about the discourse 

context). 

In sum, there is considerable evidence that effects of context are modulated by 

effects of verb class. This finding provides additional support for the view that verb classes 

are a major factor in syntactic ambiguity resolution (Gibson, 1991; Pritchett, 1988, 1992). 

It is possible that effects of verb class are overridden by effects of context. Ni, 

Grain, and Shankweiler (1996) gave the following examples; 

(562) 

a. # The businessmen loaned money at low interest were told to record their 

expenses. 

b. Only businessmen loaned money at low interest were told to record their expenses. 

Sentence (562a) causes a garden path effect, but sentence (562b) does not. Ni et 

al.'s (1996) experiments confirmed the judgments. Ni et al. explained that the focus 

operator only establishes a "contrast set." In sentence (562b), the DP only businessmen 
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presupposes multiple sets of businessmen; the businessmen in focus and the other 

businessmen. Because the two sets of businessmen are established in the mental discourse, 

people prefer the reduced relative clause interpretation to the main clause interpretation. 

Recently, Paterson, Liversedge, and Underwood (1999) did not find effects of only 

when they exclusively used passive double object verbs. However, in my own judgment, 

sentence (562b), which has a passive double object verb, seems to be easy to understand. 

Ni et al.'s (1996) finding is interesting because it provides the evidence that presupposition 

prevents garden path effects fi'om occurring. 

10.3 Complement Clause/Relative Clause Ambiguity 

As described in chapter 3, Crain (as cited in Crain & Steedman, 1985) originally 

demonstrated effects of discourse context by manipulating the number of wives. He used 

contexts like those in (563) and sentences like those in (564). 

(563) 

a. A psychologist was counseling a married couple. One member of the pair was 

fighting with him but the other one was nice to him. 

b. A psychologist was counseling two married couples. One of the couples was 

fighting with him but the other one was nice to him. 

(564) 

a. The psychologist told the wife that he was having trouble with her husband. 

b. The psychologist told the wife that he was having trouble with to leave her 

husband. 
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In general, garden path efifects that occur in null contexts are too strong to be 

overridden by effects of discourse context. However, this class of syntactic ambiguity is 

exceptional. Although sentences like (S64b) cause garden path effects in null contexts. 

Grain (as cited in Grain & Steedman, 1985) found effects of discourse context (see also 

Altmann, 1988; Altmann et al., 1992, 1994; but see Mitchell & Gorley, 1994; Mitchell et 

al., 1992). 

Glausal analysis may explain why the garden path effects in sentences like (S64b) 

can be overridden by effects of discourse context. Gonsider sentence (S64b). At the point 

of syntactic ambiguity, the parser either closes the main clause in order to process a 

complement clause or puts the main clause on hold in order to process a relative clause. In 

either case, the parser does not continue processing the main clause. In contrast, consider 

the following sentence (from Ferreira & Glifton, 1986): 

(S6S) # Sam loaded the boxes on the cart onto the van. 

In sentence (565), the parser continues processing the main clause whether the PP 

at the point of syntactic ambiguity is attached as a modifier of the verb or a modifier of the 

preceding noun. Apparently, effects of discourse context are stronger when the clause in 

process is either put on hold or closed, as in (564b), than when the clause in process 

remains in process, as in (565). 

10.4 Main Glause Verb Modifier/Relative Clause Verb Modifier Ambiguity 

Altmann, van Nice, Gamham, and Henstra (1998) tested late closure (or recency 

preference) by conducting a series of experiments. Their experiments are relevant to 
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clausal analysis. In the first experiment, Altmann et al. used contexts like those in (S66a) 

and (S67a) and sentences like those in (566b) and (567b). 

(566) 

a. Tom's got two young dogs and they like playing in the fields. Tom washed one of 

the dogs yesterday but the other one last week. 

b. He'll brush the dog he washed yesterday to make its fur shine again. 

(567) 

a. Tom's got two young dogs and they like playing in the fields. Tom washed one of 

the dogs but did not want to bother with the other dog. 

b. He'll brush the dog he washed tomorrow to make its fiir shine again. 

In this experiment, the two types of contexts and the two types of sentences were 

not crossed. Context (566a) was followed by sentence (566b). Context (567a) was 

followed by sentence (567b). The two contexts differ in the number of "washed dogs." In 

context (566a), there are two washed dogs. In context (567a), there is only one washed 

dog. Sentences (566b) and (567b) differ in the modifier attachment. In sentence (566b), 

the yesterdc  ̂is attached as a modifier of the relative clause verb washed. In 

sentence (567b), the adverb tomorrow is attached as a modifier of the main clause verb 

brush. Both contexts are supporting contexts. The "two-washed-dog" context supports 

the relative clause verb modifier interpretation. The "one-washed-dog" context supports 

the main clause verb modifier interpretation. Altmann et al. (1998) also presented the 

sentences without the contexts. In null contexts, sentences with main clause verb modifiers 



409 

are more difficult to process than sentences with relative clause verb modifiers, as 

predicted by late closure. Altmann et al. expected a significant interaction between the two 

types of contexts (i.e., null vs. supporting) and the two types of sentences at the point of 

syntactic ambiguity (i.e., adverbs) because supporting contexts should eliminate the garden 

path efifects in sentences with main clause verb modifiers. However, they did not find a 

significant interaction. 

Altmann et al. (1998) conducted additional experiments. They found a significant 

interaction when they used contexts like those in (568) and sentences like those in (569). 

(568) 

a. Last week Fiona presented a new fiinding plan to her church committee. The other 

committee members wonder when Fiona will implement the plan she proposed. 

b. Last week Fiona presented a new fiinding plan to her church conunittee. The other 

committee members are guessing that Fiona will implement the plan she proposed. 

(569) 

a. She'll implement the plan she proposed to the committee next week, they hope. 

b. She'll implement the plan she proposed to the committee last week, they hope. 

Context (568a) has a vfAe/i-clause; context (568b) has a /Aa/-clause. Sentence 

(569a) has a main clause verb modifier (i.e., next week); sentence (569b) has a relative 

clause verb modifier (i.e., last week). In this experiment, the two types of contexts and the 

two types of sentences were crossed, and Altmann et al. (1998) found a significant 

interaction. Following when-conte\ts, reading times for adverbials were shorter in 
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sentences with main clause verb modifiers than in sentences with relative clause verb 

modifiers. Following lhat-contexts, there was no difference in reading times for adverbials 

between the two types of sentences. This finding indicates that a strong preference for 

recent verb attachments can be overridden by eflfects of context. 

To explain the finding, Altmann et al. (1998) supported constraint satisfaction 

models (see also Altmann, 1998, for discussion). Altmann et al. argued that "the language 

user will predictively activate some representation of the upcoming adverbial at each of 

the positions in which an adverb like 'next week' can occur" (Altmann et al., 1998, p. 

479). However, it is unclear whether expecting an answer to a tf̂ -question involves 

activation of a linguistic representation. Alternatively, it is plausible that people simply 

take an incoming adverbial as an answer to the question. 

A strong preference for recent verb attachments is consistent with clausal analysis 

as well as late closure (or recency preference). Altmann et al. (1998) showed that effects 

of clausal analysis can be overridden by effects of context. 

10.5 Noun Phrase/Gerund Ambiguity 

The syntactic ambiguities considered in this study are, of course, not exhaustive. In 

particular, syntactic ambiguities within noun phrases have been ignored. For example, 

consider the words landing planes. They are ambiguous between a noun phrase and a 

gerund. In neutral contexts, they do not cause garden path effects (see Frazier & Rayner, 

1987). However, Tyler and Marslen-Wilson (1977) showed effects of context. They used 

sentential fi-agments like those in (570). 
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(570) 

a. If you walk too near the runway, landing planes.... 

b. If you've been trained as a pilot, landing planes .... 

In context (570a), the words landing planes are likely to be a noun phrase. In 

context (570b), they are likely to be a gerund. Crucially, the verb following the words 

landing planes must agree with the subject in number. If the words landing planes are a 

noun phrase, the verb must be plural. If they are a gerund, the verb must be singular. The 

participants heard each sentential fragment and saw a probe word appear on a screen at 

the offset of the sentential fragment. The probe word was either is or are. The participants 

repeated the word as quickly as possible. Tyler and Marslen-Wilson (1977) found that 

naming latencies for contextually appropriate probes were faster than those for 

contextually inappropriate probes. This finding indicates that there are immediate effects 

of context on syntactic ambiguity resolution. Later, this study was criticized on 

methodological grounds (Cowart & Cairns, 1987; Townsend & Bever, 1982). However, 

the finding was replicated by other studies that controlled the confounding factors (Farrar 

& Kawamoto, 1993; Marslen-Wilson & Young, as cited in Tyler, 1989). It is likely that 

effects of context are particularly strong in this class of syntactic ambiguity because effects 

of context are not modulated by effects of verb class or effects of clausal analysis. 

10.6 The Difference Between Referential Theory and Constraint Satisfaction Models 

It is clear that effects of context are modulated by effects of verb class and of 

clausal analysis. The fact that effects of verb class are particularly strong supports the view 
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that verb classes are a major factor in syntactic ambiguity resolution (Gibson, 1991; 

Pritchett, 1988, 1992). 

It is possible that effects of verb class are overridden. Tanenhaus, Spivey-

Knowlton, Eberhard, and Sedivy (1995) found a particularly effective context; visual 

context. Tanenhaus et al. asked the participants to wear a "head-mounted eye-tracking 

system" and monitored their eye movements while they were looking at real objects and 

given such instructions as "Put the apple on the towel in the box." There were two types 

of contexts; the "one-apple" context and the "two-apple" context. In the one-apple 

context, the participants saw an apple on a towel, another towel with nothing on it, a 

pencil, and an empty box and head the ambiguous instruction, "Put the apple on the towel 

in the box." The participants looked at the irrelevant towel 55% of the time shortly after 

hearing the word towel. Evidently, they often interpreted the PP on the towel as a 

complement of the verb put (i.e., the goal of the movement). On the other hand, in the 

two-apple context, the participants saw an apple on a towel, another apple on a napkin, a 

towel with nothing on it, and an empty box and head the same instruction. Under the 

circumstances, they rarely looked at the irrelevant towel (only 17% of the time, as cited in 

Eberhard, Spivey-Knowlton, Sedivy, & Tanenhaus, 1995). This finding indicates that in 

the two-apple context, the participants correctly interpreted the PP on the towel as a 

modifier of the noun apple (i.e., the place of the apple). This finding is particularly 

interesting because the garden path effects in sentences like "Put the apple on the towel in 

the box" are normally so strong that they cannot be overridden by effects of discourse 
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context (Britt, 1994; Ferreira & Clifton, 1986). Nevertheless, effects of visual context are 

strong enough to eliminate the garden path effects. 

Effects of visual context as well as effects of discourse context are compatible with 

both referential theory (e.g., Altmann, 1988; Altmann, & Steedman, 1988; Grain & 

Steedman, 1985; Ni et al., 1996) and constraint satisfaction models (e.g., MacDonaid et 

al., 1994a; Spivey-Knowlton & Tanenhaus, 1994). Eberhard et al. (1995), who supported 

constrain satisfaction models, minimized the difference between them. Eberhard et al. 

described referential theory as a "propose and dispose" model and argued that '"propose 

and dispose' models become notational variants of constraint-based models" (p. 432). 

However, there are considerable differences. First, referential theory assumes the weak 

interactive hypothesis (Grain & Steedman, 1985). On the other hand, constraint 

satisfaction models do not seem to make a clear distinction between "proposing" and 

"disposing" (see Boland & Cutler, 1996, for discussion). There may be circumstances 

where the strong interactive hypothesis is true. For example, consider the study by 

Tanenhaus et al. (1995). When a participant saw two apples, heard the ambiguous 

instruction, "Put the apple on the towel in the box," and never looked at the irrelevant 

towel, it is unclear whether the parser proposed the two interpretations however briefly. 

Rather, the knowledge about the context via visual processing may have been used to 

interpret the PP on the towel only as a modifier of the noun apple. Although node 

projection may be automatic, node attachment may be selective under the circumstances. 

The current evidence seems to be inconclusive. 
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There is another difference between referential theory and constraint satisfaction 

models. Proponents of referential theory apparently assume representational modularity. 

Representational modularity (Jackendoff, 1997) is the view that different kinds of 

information apply to different levels of representation. On the other hand, proponents of 

constraint satisfaction models are the advocates of distributed representations. Distributed 

representations do not make a clear distinction between levels of representation. The 

present theory is compatible with referential theory. 
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11 JABBERWOCKY AND HAIGSPEAK 

Frazier and her colleagues have presented three arguments against the view that 

the parser uses lexical information; (a) The human parser can process sentences with novel 

words, which have no lexical information (Frazier, 1989; Frazier & Clifton, 1996); (b) the 

human parser may ignore subcategorization information (Frazier, 1987a; Mitchell, 1987); 

and (c) the human parser can attach arguments in a verb-final construction before a verb 

appears and provides subcategorization information (e.g., Bader & Lasser, 1994; Frazier, 

1987b; Kamide & Mitchell, 1999). In this chapter, I will discuss the first and second 

problems. 

11.1 Jabberwocky 

Twas brillig, and the slithy toves 
Did gyre and gimble in the wabe; 
All mimsy were the borogoves. 
And the mome raths outgrabe. 

In Jabbenvoc/̂ , Lewis Carroll (1871/1960) showed that sentences with novel 

words can be understood. In modem psycholinguistics, Epstein (1961) used jabberwocky 

sentences to examine whether syntactic structures can facilitate the learning of nonsense 

syllables. His materials ranged fi'om pseudo-English sentences to word salad; 

(571) 

a. The yigs wur vumly rixing hum in jegest miv. 

b. the yig wur vum rix hum in jeg miv 

c. yigs rixing wur miv hum vumly the in jegest 

d. The yigly wur vums rixest hum in jeging miv. 
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e. Lazy paper stumbled to shallow trees loudly from days. 

f. loudly trees paper from days lazy shallow to stumbled 

Sentence (571 a) consists of nonwords and real function words arranged in English 

word order. The words are also assigned affixes. Sentence (571b) is different from 

sentence (571a) in that the words are not assigned affixes. Sentence (571c) consists of the 

same words as sentence (571a), but the words are arranged in random order. Sentence 

(571d) is different from sentence (571a) in that the affixes are shifted to granmiatically 

incongnient positions. Sentence (571e) consists of English words in "sententially 

meaningless" order. Sentence (571f) consists of the same words as sentence (571e), but 

the words are arranged in random order. Sentences (571a), (571d), and (571e) are also 

different from the others in that each of them begins with a capital letter and ends with a 

period like a real English sentence. 

The participants saw a sentence for 7 s and wrote it down in the next 30 s. The 

trial was repeated until they correctly recalled it. Epstein (1961) found that sentences like 

(5 71 a) were easier to leam than sentences like (571b) and (571c) and that sentences like 

(571e) were easier to learn than sentences like (571a) and (571f). These findings indicate 

that sentences with affixes are easier to leam than sentences without affixes and that 

sentences in English word order are easier to leam than sentences in random order. 

Epstein suggested that stmctured materials are easy to leam because they are already 

organized into chunks, whereas unstructured materials are difficult to leam because they 

can be organized into chunks only through intentional efforts. 
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Frazier (1989) cited Epstein's (1961) study as evidence against the view that the 

parser projects syntactic structures from the lexicon (see also Frazier & Clifton, 1996). 

Novel words have no lexical information. Nevertheless, people can process sentences with 

novel words. 

It is common that children encounter sentences with novel words. Pinker (1984) 

argued that children use their linguistic knowledge to infer the syntactic categories of 

novel words. For example, if a word ends with -ed, it is likely to be a verb. In fact, any 

parser—whether it projects syntactic structures from the lexicon or uses phrase structure 

rules—needs linguistic inference because no parser knows the syntactic categories of 

novel words. If children can infer the syntactic categories of novel words, they can use 

syntax-semantics correspondence rules to infer the semantic categories. In a classic study. 

Brown (19S7) found that children interpreted sibbing as referring to an action, a sib as 

referring to an object, and any sib as referring to a substance. Considerable evidence 

suggests that children use syntax-semantics correspondence rules to learn the syntactic and 

semantic categories of words (e.g.. Bloom, 1994a, 1994b, 2000). 

The use of lexical information and linguistic inference are not mutually exclusive. 

Rather, they are complementary. The fact that the parser cannot use lexical information 

when it is not available does not mean that the parser does not use lexical information 

when it is available. 

Whereas jabberwocky sentences are rather easy to understand because they have 

function words and affixes, granunatical sentences without function words and affixes may 
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be difficult to understand if they cannot be easily organized into chunks. The difSculty in 

organizing words into chunks may explain the difiBculty in understanding the following 

sentence; 

(572) # Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo. 

In fact, sentence (572) poses a problem for the present theory. The present theory 

as well as other previous theories (e.g., Bever, 1970; Chomsky & Lasnik, 1977) 

incorrectly predicts that the parser takes the first three words Buffalo buffalo Buffalo to 

be a main clause. (They are thematically interpreted as "Buffalo act on Buffalo.") 

However, people are most likely to interpret the sentence as a bunch of buffalo. The 

sentence may be difficult to process because it has no function words and affixes. It is 

difficuk to organize the words Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo 

buffalo into chunks (i.e., ())-phrases). 

11.2 Haigspeak 

Mitchell (1987) produced the evidence that the parser initially ignores 

subcategorization information. He used sentences like those in (573). 

(573) 

a. After the child had visited the doctor prescribed a course of injections. 

b. After the child had sneezed the doctor prescribed a course of injections. 

In sentence (573a), the verb visited can be either a transitive verb or an intransitive 

verb, and the DP the doctor can be either the object of the transitive verb visited or the 

subject of a main clause. In contrast, sentence (573b) is unambiguous because the verb 
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sneezed is unambiguously an intransitive verb. Nfitchell (1987) presented the participants 

with each sentence frame by frame. In one condition, the first frame contained a 

subordinate clause and the following DP (e.g., After the child had visited the doctor), and 

the second frame contained the rest of the sentence (e.g., prescribed a course of 

injections). Mitchell found that reading times for the first frames were longer in sentences 

with intransitive verbs, as in (573b), than in sentences with optionally-transitive 

intransitive verbs, as in (573a). Mitchell argued that the parser initially ignores 

subcategorization information and uses subcategorization information only to examine 

whether the initial structure is grammatical or not. In sentence (S73b), the parser initially 

attaches the DP the doctor as the object of the intransitive verb sneezed. This attachment 

turns out to be ungrammatical and resuhs in longer reading times. 

Mitchell's (1987) finding is often referred as the "Mitchell eflfect." Frazier (1987a) 

considered the Mitchell effect and supported the view that the parser initially ignores 

subcategorization information. 

However, it is not true that the parser always ignores subcategorization 

information. For example, consider the following sentence (from Ferreira & Henderson, 

1991b): 

(574) After the Martians invaded the town the people were evacuated. 

In sentence (574), the verb invaded is a transitive verb. However, if the parser 

ignores subcategorization information, the parser can take it to be a double object verb 
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and hence can take the DP the people to be the second object of the verb. Apparently, 

there is no indication of such a garden path effect. 

In sum, the parser may take an intransitive verb to be a transitive verb but does not 

take a transitive verb to be a double object verb. This difference calls for an explanation. 

Earlier, I suggested that the parser prefers an explicit argument to an implicit 

argument. Suppose that the parser attaches a DP as the object of an intransitive verb. The 

causative alternation applies, and the verb is interpreted as a causative verb. As described 

in chapter 4, the causative construction has the directness effect (Pinker, 1989). Smith 

(1978) noted that the causative construction is permissible to the extent that the causee 

can relinquish control over the activity. Smith gave the following examples; 

(575) 

a. The nurse burped the baby. 

b. ?The nurse burped the patient. 

c. •The nurse burped the doctor. 

The verb burp is normally an intransitive verb. However, sentence (575a) is 

acceptable. In contrast, sentence (575b) sounds bad, and sentence (575c) sounds worse. 

Similarly, sentence (573b) is unacceptable because it is implausible that the child had 

sneezed the doctor. Thus, the Mitchell effect is due to the fact that an implausible 

interpretation results from the causative alternation. On the other hand, consider sentence 

(574). The dative alternation does not apply to the transitive verb invaded, and the verb 

cannot be interpreted as a double object verb. 
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It is not uncommon that lexical rules are used productively. In fact, people 

sometimes use lexical rules to produce ungrammatical utterances. Pinker (1989) referred 

to ungrammatical uses of lexical rules as "Haigspeak" after the presidential Chief of Staff 

who was known for making such statements as "Let me caveat that" and "That statement 

needs to be nuanced" (as cited in Pinker, 1989, p. 153). Pinker collected a number of 

examples of Haigspeak from a variety of sources (see Pinker, 1989, pp. 153-160). Some 

of them are reproduced below. Pinker himself is a Haigspeaker. I found the example in 

(576e) in his own writing (from Pinker, 1989, p. 163). 

(576) Causatives; 

a. Can you hang yourself up?! [Shouted to a person on another phone in the same 

house] 

b. Well, that decided me. 

c. In early Modem English, the vowel of the singular was conformed to that of the 

plural. 

d. Mr. Castellito simply disappeared permanently in 1961, but the jury apparently 

believed the testimony of other figures who said Mr. Provenzano had arranged to 

disappear him. 

e. Several involve disappearing objects (e.g., unspecified object deletion, as in John 

eats food!John eats). Several others involve disappearing subjects (e.g., 

anticausativization, as in John broke the cuplThe cup broke). [Pinker explaining 

verb alternations] 
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(577) Datives; 

a. I returned her the books. 

b. Can you explain me language breakdown? 

c. Can you reach me that book? 

(578) Locatives; 

a. They filed him with charges. 

b. He squeezed them [fish fillets] with lemon juice. 

c. Take a little of the mixture at a time and fill it into the zucchini. 

Haigspeak is the evidence that the parser may ignore subcategorization 

information. However, not all subcategorization violations are permissible. The parser can 

process Haigspeak because the parser can use lexical rules to alternate argument 

structures. 
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12 UNIVERSALITY 

Languages vary in head position. In English, a verb appears in midclause. On the 

other hand, in a head-final language, a verb appears clause-finally. There is some evidence 

that the human parser can attach arguments in a verb-final construction before a verb 

appears and provides subcategorization information (e.g., Bader & Lasser, 1994; Frazier, 

1987b; Kamide & Mitchell, 1999). This evidence has been used to argue against the view 

that the parser projects syntactic structures fi'om the lexicon. In this chapter, I will review 

the evidence and show that the present theory—(|>-phrasing, attachment, thematic 

interpretation, and clausal analysis—accounts for the data. 

There is one problem that I would like to address. As mentioned in chapter 1, 

some researchers use the term garden path effect to refer to unconscious processing 

difBculty as well as conscious processing difficulty. However, unconscious processing 

difficulty may not be the evidence for garden path effects. As I read the literature, it is 

sometimes unclear whether the term garden path effect is used to refer to conscious 

processing difficulty or unconscious processing difficulty. Although there are differences 

in conscious processing difficulty and in unconscious processing difficulty, the distinction 

between conscious processing difficulty and unconscious processing difficulty can be 

useful for understanding the human sentence processing mechanism. Nevertheless, the 

literature lacks information about what sentences cause conscious garden path effects. In 

this chapter, I will examine verb-final constructions in Dutch, German, and Japanese. I 
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wish I could speak Dutch and German. However, Japanese is my native language. I will 

focus on data from Japanese. 

12.1 Dutch and German 

In Dutch, a verb appears at the end of an embedded clause. Frazier (1987b) gave 

the following examples; 

(579) 

a. dat het meisje van Holland houbt 

that the girl from Holland likes 

'that the girl likes Holland' 

b. dat het meisje van Holland glimlachte 

that the girl from Holland smiled 

'that the girl from Holland smiled' 

In (579a), the PP van Holland 'from Holland' is a complement of the verb houbt 

'likes.' In (579b), it is a modifier of the noun meisje 'girl.' Thus, the PP is locally 

ambiguous. It can be attached as either a complement of the following verb or a modifier 

of the preceding noun. 

Frazier (1987b) argued that minimal attachment applies to verb-final constructions. 

In the verb-final constructions in (579), minimal attachment predicts that the parser 

attaches the PP van Holland 'from Holland' as a complement of the following verb 

because the verb complement attachment requires fewer nodes than the noun modifier 

attachment, as shown in (580) and (581). 



425 

(580) 

het meisje P 

I I 
van Holland 

(581) 

het meisje van Holland 

Actually, it is unclear why the parser projects the (VP) and (V) nodes in (581). In 

English, the parser does not project them while processing a subject (see Frazier, 1987a, 

1987b). To be consistent, the parser should not project the (V) node in (580) and the (VP) 

and (V) nodes in (581). If so, structures (580) and (581) require the same number of 

nodes, and late closure predicts that the parser prefers to attach the PP as a modifier of the 

preceding noun, contrary to the prediction made by Frazier (1987b). However, structures 

(580) and (581) were the structures assumed by Frazier. 

Frazier (1987b) conducted experiments in Dutch. She used sentences like those in 

(582) as filler materials. 
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(582) 

a. Ik weet dat de man in Holland investeert. 

I know that the man in Holland invests 

'I know that the man invests in Holland.' 

b. Ik weet dat de man in Spanje in Holland investeert. 

I know that the man in Spain in Holland invests 

'I know that the man in Spain invests in Holland.' 

In (S82a), the PP following the noun man 'man' (i.e., in Holland) is a complement 

of the verb investeert 'invests.' In (582b), the PP following the noun man 'man' (i.e., in 

Spanje) is a modifier of the noun man 'man.' According to Frazier (1987b), minimal 

attachment predicts garden path euccts in sentences like (582b). Half of the participants 

read sentences like (582a), and the other half read sentences like (582b). Each sentence 

was presented frame by frame. Sentence (582a) was divided into two frames: Ik weet dat 

de man and in Holland investeert. Sentence (582b) was divided into three frames: Ik weet 

dat de man, in Spanje, and in Holland investeert. Frazier found that reading times for the 

final frames were longer in sentences like (582b) than in sentences like (582a). This finding 

supports minimal attachment. 

Frazier (1987b) argued that her finding is inconsistent with head-driven parsing. 

She assumed that the head-driven parser prefers to attach a preverbal PP as a modifier of 

the preceding noun (rather than to leave it unattached) in order to reduce memory load. 

However, Pritchett (1991) explained that the head-driven parser leaves a preverbal PP 
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unattached until a verb appears. He argued that Frazier's finding is actually consistent with 

head-driven parsing. 

I suggest that sentences like (S82b) may be more diflBcult to process than 

sentences like (S82a) because the former involves processing a sequence of PPs of the 

same type. I assume that the parser semantically analyzes the PP in Spanje 'in Spain' into 

a PLACE phrase and a PATH phrase. As a result, the parser attaches the PLACE phrase 

as a modifier of the preceding noun in one structure and leaves the PATH phrase 

unattached in the other structure. Subsequently, the parser similarly analyzes the PP in 

Holland 'in Holland' into a PLACE phrase and a PATH phrase. Processing a sequence of 

PPs of the same type may cause difBculty. 

It is important to note that minimal attachment predicts garden path effects in both 

sentences like (S79b) and sentences like (S82b). However, it is unclear whether sentences 

like (579b) cause conscious garden path effects. It seems implausible that all Dutch 

complement clauses with noun-modifying PPs cause conscious garden path effects. 

Frazier (1987b) does not seem to have produced conclusive evidence against head-

driven parsing. Conclusive evidence against head-driven parsing was produced by Bader 

and Lasser (1994), who used German complement clauses like those in (583). 

(583) 

a. daB sie nach dem Ergebnis zufi-agen tatsachlich erlaubt hat 

that she for the resuh to ask indeed permitted has 

'that she indeed has given permission to ask for the result' 
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b. dafi sie nach dem Ergebnis zu fragen tatsachlich eriaubt worden ist 

that her for the result to ask indeed permitted been is 

'that permission indeed has been given to ask her for the result' 

c. daB er nach dem Ergebnis zu fragen tatsachlich eriaubt hat 

that he for the result to ask indeed permitted has 

'that he indeed has given permission to ask for the result' 

d. dafi ihn nach dem Ergebnis zu fragen tatsachlich eriaubt worden ist 

that him for the result to ask indeed permitted been is 

'that permission indeed has been given to ask him for the result' 

In German, the feminine pronoun sie is ambiguous between a nominative pronoun 

and an accusative pronoun. In (S83a), it is attached as the subject of the complement 

clause (i.e., nominative). In (583b), it is attached as the object of the infinitival verb fragen 

'ask' (i.e., accusative). The complement clauses in (583c) and (583d) are unambiguous 

controls. In (583c), the nominative masculine pronoun er is attached as the subject of the 

complement clause. In (583d), the accusative masculine pronoun ihn is attached as the 

object of the infinitival verb fragen 'ask.' Crucially, each of the four complement clauses 

has two verbs: two 6-assignors. Bader and Lasser (1994) noted that the head-driven 

parser attaches the ambiguous pronoun sie to the first 6-assignor; the infinitival verb. As a 

result, a garden path effect is predicted in the complement clause in (583a). Contrary to 

the prediction, Bader and Lasser noted that it is the complement clause in (583b) that 

causes a garden path effect. This garden path effect reportedly reaches a conscious level. 
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Bader and Lasser mentioned that "native German speakers consistently report coniiision" 

(Bader & Lasser, 1994, p. 235). Bader and Lasser's experiment confirmed the judgment. 

Reading times for the final words (either hat or ist) were longer in complement clauses 

like (583b) than in complement clauses like (583a), whereas reading times for the final 

words did not dififer between the two types of unambiguous controls. Bader and Lasser 

argued that the parser hypothesizes a complement clause VP and attaches the ambiguous 

pronoun sie to the hypothesized VP before a complement clause verb actually appears. 

Bader and Lasser's (1994) finding is considered to be conclusive evidence against 

head-driven parsing. However, it is unclear whether the parser hypothesizes a VP before a 

verb appears. The present theory provides an alternative explanation. In each of the 

complement clauses in (583a) and (583b), the parser can project an AgrP fi'om the 

pronoun sie in the manner of spec-head agreement projection and hence can attach it as 

the subject of the complement clause. It should be emphasized that the parser does not 

project a VP before a verb appears. Rather, the parser attaches an AgrP to the preceding 

CP. This explanation hinges on the assumption that Agr exists in German syntax. Bader 

and Lasser mentioned that German syntax may not have inflectional nodes (e.g., AgrP). 

However, there are linguists who have proposed that inflectional nodes exist in German 

syntax (e.g., Travis, 1991). On the assumption that inflectional nodes exist in German 

syntax, the present theory can explain Bader and Lasser's finding. 

Although Bader and Lasser (1994) argued against head-driven parsing, they also 

noted that their finding poses a problem for minimal attachment. In (583d), minimal 
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attachment predicts that the parser attaches the accusative pronoun ihn as the object of a 

complement clause verb. However, it turns out to be the object of the infinitival verb. 

Nevertheless, a garden path effect does not result. 

The present theory can explain why complement clauses like (S83d) do not cause 

garden path effects. Because the parser cannot attach the accusative pronoun ihn until a 

verb appears, the parser simply leaves it unattached. Subsequently, the parser attaches it to 

the first verb; the infinitival verb. Thus, the present theory can account for the absence of 

garden path effects in complement clauses like (583d) as well as the presence of garden 

path effects in complement clauses like (S83b). 

Whereas Bader and Lasser (1994) used German complement clauses, Schriefers, 

Friederici, and Kuhn (199S) used German relative clauses, as shown in (584). 

(584) 

a. Das ist die Managerin, die die Arbeiterinnen gesehen hat. 

this is the manager who the workers seen has 

'This is the manager who has seen the workers.' 

b. Das sind die Arbeiterinnen, die die Managerin gesehen hat. 

these are the workers who the manager seen has 

'These are the workers who the manager has seen.' 

Sentence (584a) has a subject relative clause; sentence (584b) has an object 

relative clause. Each of the relative clauses remains ambiguous until the singular verb hat 

'has' appears and indicates that the subject is singular. Schriefers et al. (1995) found that 
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reading times for the final verbs were longer in sentences with object relative clauses than 

in sentences with subject relative clauses. Similar findings were reported by Bader and 

Meng (1999) in German and by Frazier (1987b) in Dutch. These researchers have argued 

that the parser initially postulates a trace in the subject position and attaches an incoming 

DP as the object. In their views, object relative clauses in Dutch and German necessarily 

cause garden path effects. 

However, it is unclear whether object relative clauses in Dutch and German cause 

conscious garden path effects. It seems implausible that all object relative clauses in Dutch 

and German cause conscious garden path effects. Gibson, Hickok, and Schiitze (1994) 

described the difference in processing difSculty between subject and object relative clauses 

in Dutch and German as "the slight on-line reading time differences" (p. 402). They 

explained the difference in the firamework of parallel parsing. Similarly, I assume that the 

parser processes two structures. In one structure, the parser postulates a trace in the 

subject position and leaves an incoming DP unattached. I assume that the parser can 

postulate a trace because it is a coindexed implicit argument. It is different fi'om a 

noncoindexed implicit argument, such as the implicit object of the verb eat. In the other 

structure, the parser attaches an incoming DP as the subject of the relative clause. The 

parser can attach an incoming DP as the subject of the relative clause because the parser 

can project an AgrP fi'om the DP in the manner of spec-head agreement projection. The 

parser does not project a VP in either structure at this point. Object relative clauses may 
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be more difBcult to process than subject relative clause because the former requires 

postulating a trace and forming a chain at the verb (Gibson et al., 1994). 

12.2 Japanese 

There are three marked differences between Japanese and English (see Shibatani, 

1990; Tsujimura, 1996; for an introduction to Japanese grammar). First, unlike English, 

Japanese is a head-final language. A verb appears at the end of any clause. Second, 

Japanese allows "scrambling." Constituents can switch places. Although the canonical 

word order is SOV (subject, object, verb), word order is flexible because of scrambling. 

Scrambling is not necessarily confusing because Japanese has case markers: The 

nominative (nom) is marked by -ga, the accusative (acc) is marked by -o, and the dative 

(dat) is marked by -ni. The third difference between Japanese and English is that Japanese 

allows null pronouns (i.e., implicit arguments). Pronouns can be deleted if they can be 

inferred fi'om the context in which they are used. 

Interestingly enough, every Japanese sentence can be seen as locally ambiguous. 

Consider the following sentences: 

(585) 

a. Mary-ga John-ni doonatu-o age-ta. 

Mary-nom John-dat doughnut-acc give-past 

'Maiy gave a doughnut to John.' 
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b. Mary-ga John-ni doonatu-o tabe-rare-ta. 

Mary-nom John-dat doughnut-acc eat-pass-past 

'Mary got a doughnut eaten by John.' 

c. Maiy-ga John-ni doonatu-o tabe-sase-ta. 

Mary-nom John-dat doughnut-acc eat-caus-past 

'Mary made John eat a doughnut.' 

d. Mary-ga John-ni doonatu-o tabe-sase-rare-ta. 

Mary-nom John-dat doughnut-acc eat-caus-pass-past 

'Mary was made to eat a doughnut by John.' 

The sentences in (S8S) begin with the same three preverbal arguments; Mary-ga 

John-ni doonatu-o. However, they end with different verbs. Sentence (585a) is the active 

construction in which the verb age-ta 'gave' takes the three arguments. Sentence (585b) is 

the "indirect passive" construction. The afiSx -rare is the passive morpheme (denoted by 

pass). Japanese has the indirect passive construction in addition to the "direct passive" 

construction, which is the same as the English passive. Characteristically, the indirect 

passive alternation increases the number of arguments by one. Presumably, the indirect 

passive construction in (585b) is semantically represented as "Mary is in a state where 

John acts on a doughnut." Sentence (585c) is the causative construction. The afiBx -sase is 

the causative morpheme (denoted by caus). Like the English causative alternation, the 

Japanese causative alternation increases the number of arguments by one. The causative 

construction in (585c) can be semantically represented as "Mary acts on John, causing 
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John to eat a doughnut." Sentence (S8Sd) is the causative passive construction. The 

causative passive construction in (S85d) can be semantically represented as "Mary is in a 

state where John acts on Mary, causing Mary to eat a doughnut." To be sure, none of the 

sentences in (58S) cause garden path e£fects. Although perceptual complexity may 

increase with the number of morphemes (or lexical rules) involved, there are no garden 

path effects in sentences like those in (58S). 

All the sentences in (585) are simplex sentences. Consider the following complex 

sentences; 

(586) 

a. Mary-ga John-ni doonatu-o ageta-to watasi-ga itta. 

Mary-nom John-dat doughnut-acc gave-comp I said 

'I said that Mary gave a doughnut to John.' 

b. Mary-ga John-ni doonatu-o ageta-to itta. 

Mary-nom John-dat doughnut-acc gave-comp said 

'Mary said that (she) gave a doughnut to John.' 

c. Mary-ga John-ni doonatu-o ageta hanasi-o watasi-ga kiita. 

Mary-nom John-dat doughnut-acc gave story-acc I heard 

'I heard the story that Mary gave a doughnut to John.' 

d. Mary-ga John-ni doonatu-o ageta hito-o sitteiru. 

Mary-nom John-dat doughnut-acc gave person-acc know 

'Mary knows the person that gave a doughnut to John.' 
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The sentences in (S86) as well as those in (585) begin with the same three 

preverbal arguments. However, they turn out to be different constructions. Sentence 

(586a) has the complement clause Mary-ga John-ni doonatu-o ageta-to 'that Mary gave a 

doughnut to John,' followed by the main clause watasi-ga itta 'I said.' The affix -to is a 

complementizer (denoted by comp). The complement clause is preposed (i.e., scrambling). 

Sentence (586b) has the complement clause John-ni doonatu-o ageta-to 'that (she) gave a 

doughnut to John,' intervening between the main clause subject A/or^'-ga 'Mary-nom' and 

the main clause verb itta 'said.' This sentence follows the canonical word order. However, 

the subject of the complement clause is a null pronoun (parenthesized in the Japanese 

translation). Although this null pronoun can refer to any entity, it is most likely to refer to 

the subject of the main clause (i.e., Mary-ga) in a null context. Sentence (586c) has the 

noun complement clause (or the appositive clause) Mary-ga John-ni doonatu-o ageta 

'(that) Mary gave a doughnut to John.' The noun complement clause has no 

complementizer, and it is immediately followed by the noun hanasi 'story.' Sentence 

(586d) has the relative clause John-ni doonatu-o ageta '(that) gave a doughnut to John.' 

The relative clause has no relative pronoun, and it is immediately followed by the noun 

hito 'person.' Although center-embedded sentences like (586d) may be more difficuk to 

process than left-branching sentences (Hakuta, 1981), sentences like those in (586) do not 

cause garden path effects. 

An adequate theory of syntactic ambiguity resolution must account for the absence 

of garden path effects as well as the presence of garden path effects. The absence of 
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garden path eflfects in sentences like those in (585) and (586) pose problems for some 

theories of syntactic ambiguity resolution. For example, minimal attachment predicts that 

the parser attaches the three preverbal arguments Mary-ga John-ni doonatu-o as a simplex 

main clause, as in (585a). However, none of the other sentences in (585) and (586) cause 

garden path e£fects. Parallel parsing has a different problem. In Japanese, a sentence may 

begin with a main clause, a singularly embedded clause, a doubly embedded clause, a triply 

embedded clause, and so forth. However, it is implausible that a parallel parser builds an 

infinite variety of constructions. 

Consider how the present theory resolves the ambiguities. The first stage of 

parsing is <))-phrasing. I assume that the parser combines words into bunsetu (i.e., 

sentential segments) in Japanese. Each bunsetu consists of a content word and a function 

word (e.g., case marker, complementizer). There is no pause (i.e., no phonological break) 

within a bunsetu. The difference between bunsetu and (|>-phrases is that a prenominal 

adjective qualifies as a bunsetu but does not qualify as a (|>-phrase. (This difference may 

have to do with the fact that adjectives can be inflected in Japanese.) The second stage of 

parsing is attachment. The parser simply leaves preverbal arguments unattached until a 

verb appears. Hence, there are no garden path effects in sentences like those in (585). The 

third stage of parsing is thematic interpretation, and the fourth stage is clausal analysis. 

Cowper (1976) showed that clausal analysis applies to Japanese. The difference in clausal 

analysis between English and Japanese is that predicative clauses (e.g., relative clauses) 

cannot be processed on the first track in English but can be processed on the first track in 
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Japanese. In Japanese, it is simply unclear what type of clause a sentence begins with. In 

fact, a predicative feature can be projected only when a verb appears clause-finally. 

Consider how the complex sentences in (586) are processed. The parser processes 

the three preverbal arguments, as shown in (587). 

(587) 

a. Stack Track I: MARY-GA (Mary-nom) (In Process) 

b. Stack Track 1; MARY-GA (Mary-nom) JOHN-NI (John-dat) (In Process) 

c. Stack Track I: MARY-GA (Mary-nom) JOHN-NI (John-dat) DOONATU-0 

(doughnut-acc) (In Process) 

Although I mentioned that a Japanese sentence may begin with a main clause, a 

singularly embedded clause, a doubly embedded clause, a triply embedded clause, and so 

forth, such local ambiguities arise only if the parser attempts to build a structure 

deterministically. 

In each of sentences (586a) and (586b), the three preverbal arguments are 

followed by the verb ageta 'gave' and the complementizer -to. At this point, the parser 

completes the following complement clause: 

(588) Stack Track 1: MARY-GA (Mary-nom) JOHN-NI (John-dat) DOONATU-0 

(doughnut-acc) AGETA-TO (gave-comp) (In Process/Closed) 

The complement clause in (588) is interpreted as "that Mary gave a doughnut to 

John." In sentence (586a), the main clause watasi-ga itta 'I said' follows. The local 

(thematic) interpretation of the complement clause remains consistent with the global 
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(thematic) interpretation of it. Hence, a garden path effect does not result. In sentence 

(S86b), only the verb itta 'said' follows, and the subject of the main clause is missing. It is 

uncertain who said that. The only subject (i.e., ̂ a-marked) in the sentence is Mary-ga. 

Suppose that the subject of the main clause is Mary-ga. The main clause is interpreted as 

"Mary said." However, then, the subject of the complement clause is missing. One way to 

interpret the subject of the complement clause is to postulate a null pronoun that refers to 

the subject of the main clause (i.e., Mary-ga). Then the entire sentence can be fiilly 

interpreted as "Mary said that she gave a doughnut to John." It is possible that the subject 

of the complement clause refers to someone other than Mary. However, in a null context, 

it is uncertain to whom the subject of the complement clause refers. Therefore, this 

possibility is excluded. Thus, the preferred interpretation is "Mary said that she gave a 

doughnut to John." After all, the local (thematic) interpretation of the complement clause 

(i.e., "that Mary gave a doughnut to John") remains consistent with the global (thematic) 

interpretation of it. Hence, a garden path effect does not result. 

In each of sentences (S86c) and (S86d), the three preverbal arguments are 

followed by the verb ageta 'gave.' I assume that the knowledge about punctuation is used 

to infer that this verb is not a main clause verb but an embedded clause verb. In Japanese, 

a main clause verb must appear sentence-finally and must have a period attached to it. 

Hence, the parser excludes the possibility that the clause is a main clause. As a result, the 

parser processes two embedded clauses. One of them is the noun complement clause 

construction, as shown in (S89). 
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(589) Stack Track 1; MARY-GA (Maiy-nom) JOHN-NI (John-dat) DOONATU-0 

(doughnut-acc) AGETA (gave) (In Process/Closed) 

The other is the relative clause construction, as shown in (590). 

(590) Stack Track 1: MARY-GA (Mary-nom) (On Hold) 

Stack Track 2: Oi (i-(GA) JOHN-NI (John-dat) DOONATU-0 (doughnut-acc) 

AGETA (gave) (In Process/Closed) 

The noun complement clause in (589) is interpreted as "Mary gave a doughnut to 

John." The relative clause in (590) is interpreted as "X (i.e., a trace) gave a doughnut to 

John." I assume that a trace can be postulated because it is a coindexed implicit argument. 

Thus, there are two complete local (thematic) interpretations of the embedded clause. 

However, either of the local (thematic) interpretations of the embedded clause remains 

consistent with the global (thematic) interpretation of it in each of sentences (586c) and 

(586d). Hence, a garden path effect does not result. 

The present theory can also account for the presence of garden path effects in 

Japanese. There are a few known Japanese garden path sentences. Mazuka et al. (1989) 

gave an example like (591) (adapted from Mazuka et al., 1989). 

(591) #Yuuzin-ga nyuuin-siteita toki mimai-ni kite-kureta. 

fiiend-nom hospitalized-was when visit-to came 

'When (I) was hospitalized, a friend came to visit (me).' 



Sentence (591) has two verbs; nyuuin-siteUa 'hospitalized-was' and kite-kureta 

'came.' However, it has only one subject: 'firiend-nom.' The parser initially 

completes the following subordinate clause: 

(592) Stack Track I: YUUZIN-GA (friend-nom) NYUUIN-SITEITA (hospitalized-was) 

TOKI (when) (In Process/Closed) 

The subordinate clause in (592) is interpreted as "when a friend was hospitalized." 

Subsequently, the verb kite-kureta 'came' appears. This verb consists of the main verb 

kuru 'come' and the auxiliary verb kureru 'give.' The verb kureru is a "receiving" verb 

(see Kuno, 1973, 1987; Tsujimura, 1996). A receiving verb can be used only when the 

receiver is the speaker or the speaker's in-group (i.e., someone with whom the speaker 

empathizes). For example, consider the following sentences: 

(593) 

a. John-ga watasi-ni doonatu-o kureta. 

John-nom me doughnut-acc gave 

'John gave a doughnut to me.' 

b. *Watasi-ga John-ni doonatu-o kureta. 

I John-dat doughnut-acc gave 

'I gave a doughnut to John.' 

Sentence (593a) is grammatical because the receiver is the speaker (i.e., watasi-ni 

'me'). On the other hand, sentence (593b) is ungrammatical because the giver is the 

speaker (i.e., watasi-ga T). 



441 

Conversely, a "giving" verb, such as ageru, must be used when the giver is the 

speaker or the speaker's in-group. Consider the following sentences; 

(594) 

a. Watasi-ga John-ni doonatu-o ageta. 

I John-dat doughnut-acc gave 

'I gave a doughnut to John.' 

b. *John-ga watasi-ni doonatu-o ageta. 

John-nom me doughnut-acc gave 

'John gave a doughnut to me.' 

Sentence (S94a) is grammatical because the giver is the speaker (i.e., watasi-ga 

T). On the other hand, sentence (594b) is ungrammatical because the receiver is the 

speaker (i.e., watasi-ni 'me'). 

In sentence (591), the verb kite-kureta 'came' indicates that the receiver is the 

speaker or the speaker's in-group. Suppose that the receiver is the speaker (i.e., a null 

pronoun that refers to the speaker). Then who is the giver? It is uncertain who the giver is, 

because the subject of the main clause is missing. The only subject in the sentence is 

yuuzin-ga 'fnend-nom.' Suppose that the subject of the main clause \syuuzin-ga 'fnend-

nom.' The main clause is interpreted as "The fnend came to visit me." However, then, the 

subject of the subordinate clause is missing. Suppose that the subject of the subordinate 

clause is a null pronoun that refers to the subject of the main clause. Then the entire 

sentence is interpreted as "When a friend was hospitalized, the friend came to visit me." 
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This interpretation is incoherent because the friend who was hospitalized could not visit 

me in hospital. One way to interpret the sentence coherently is to interpret the subject of 

the subordinate clause as the speaker (i.e., a null pronoun that refers to the speaker). Then 

the entire sentence is interpreted as "When I was hospitalized, a friend came to visit me." 

Thus, the sentence turns out to be a center-embedded sentence in which the subordinate 

clause nyuuin-siteita toki is embedded in the main clause mimai-ni kite-kureta. 

In the end, the local (thematic) interpretation of the subordinate clause (i.e., "when a 

friend was hospitalized") turns out to be inconsistent with the global (thematic) 

interpretation of it (i.e., "when I was hospitalized"). Hence, a garden path effect results. 

It is interesting to note that if the main clause verb is a giving verb, a garden path 

effect does not result. Consider the following sentence; 

(595) Yuuzin-ga nyuuin-siteita toki mimai-ni itte-ageta. 

friend-nom hospitalized-was when visit-to went 

'When a friend was hospitalized, (I) went to visit (the friend).' 

In sentence (595), the giving verb itte-ageta 'went' indicates that the giver is the 

speaker or the speaker's in-group. Suppose that the giver is the speaker (i.e., a null 

pronoun that refers to the speaker). Then who is the receiver? The only explicit argument 

in the sentence x^yuuzin 'friend.' Suppose that the receiver \syuuzin 'friend' (i.e., a null 

pronoun that refers to yuuzin 'friend'). Then the main clause is interpreted as "I went to 

visit the friend," and the entire sentence is interpreted as "When a friend was hospitalized, 

I went to visit the friend." This interpretation is coherent, and the local (thematic) 
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interpretation of the subordinate clause remains consistent with the global (thematic) 

interpretation of it. Hence, a garden path effect does not result. 

There is a question in the literature as to whether sentences like (591) cause 

garden path effects. Mazuka et al. (1989) noted that sentences like (591) "do not give an 

impression of difficulty, but seem to make us consciously reanalyze them relatively more 

frequently" (p. 203). Mazuka and Itoh (1995) noted that "this type of reanalysis does not 

result in a garden-path effect" (p. 303). In my judgment, sentences like (591) do cause 

conscious garden path effects (see also Gorrell, 1995a, 1995b). Although Mazuka et al. 

(see also Mazuka, 1991) conducted an eye-movement experiment and found that reading 

times per character were no longer in sentences like (591) than in control sentences, their 

experiment seems to have been fraught with problems. First, there is a question about the 

control materials. Mazuka et al. noted that "simple sentences and sentences with adverbial 

subordinate clauses were used as control sentences" (Mazuka et al., 1989, p. 192). 

However, such different materials (apparently, different sentences with different words) 

are difficult to compare. In addition, Mazuka et al. did not report statistical analysis. 

Another example of Japanese garden path sentence was provided by Mazuka and 

Itoh (1995). They gave an example like (596) (adapted from Mazuka & Itoh, 1995). 

(596) #Yoko-ga kodomo-o mikaketa takusii-ni noseta. 

Yoko-nom child-acc saw taxi-dat got-on 

'Yoko got the child on the taxi that (she) saw.' 
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At the verb mikaketa 'saw,' the parser processes two embedded clauses. One is the 

noun complement clause construction, as shown in (597). 

(597) Stack Track 1: YOKO-GA (Yoko-ga) KODOMO-0 (chUd-acc) MIKAKETA 

(saw) (In Process/Closed) 

The other is the relative clause construction, as shown in (598). 

(598) Stack Track I: YOKO-GA (Yoko-ga) (On Hold) 

Stack Track 2: 0\ /i(-GA) KODOMO-O (child-acc) MIKAKETA (saw) (In 

Process/Closed) 

The noun complement clause in (597) is interpreted as "Yoko saw the child." The 

relative clause in (598) is interpreted as "X (i.e., a trace) saw the child." Subsequently, the 

possibility that the embedded clause is the noun complement clause is excluded because 

the noun takusii 'taxi' does not take a sentential complement. The remaining possibility is 

the relative clause, as shown in (599). 

(599) Stack Track 1: YOKO-GA (Yoko-nom) TAKUSHj-NI (taxi-dat) (}n Process) 

Stack Track 2: O, /i(-GA) KODOMO-O (child-acc) MIKAKETA (saw) (Closed) 

The relative clause in (599) is interpreted as "the taxi that saw the child." Although 

the taxi is an inanimate entity, it can be interpreted as the driver of the taxi. Hence, this 

interpretation is not necessarily anomalous. Finally, the verb noseta 'got-on' appears and 

requires three arguments. However, as shown in (599), there are only a subject and an 

indirect object in the stack. The direct object (i.e., o-marked) is missing. The only direct 

object in the sentence is kodomo-o 'child-acc.' Suppose that the direct object of the verb 
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noseta 'got-on' is kodomo-o 'child-acc.' Then the main clause is interpreted as "Yoko got 

the child on the taxi." However, then, the direct object of the relative clause verb mikaketa 

'saw' is missing. At this point, the relative clause is interpreted as a subject relative clause. 

Suppose that the relative clause is an object relative clause. Then the subject of the relative 

clause is missing. One way to interpret the subject of the relative clause is to postulate a 

null pronoun that refers to the subject of the main clause (i.e., Yoko-ga). Then the object 

relative clause is interpreted as "the taxi that Yoko saw," and the entire sentence is 

interpreted as "Yoko got the child on the taxi that she saw." In the end, neither of the 

local (thematic) interpretations of the embedded clause (i.e., "Yoko saw the child" and 

"the taxi saw the child") remains consistent with the global (thematic) interpretation of it 

(i.e., "Yoko saw the taxi"). Hence, a garden path effect results. 

M. P. Marcus (as cited in Mazuka & Itoh, 1995) noted that the garden path effect 

can be avoided by scrambling, as shown in (600) (adapted from Mazuka & Itoh, 1995). 

(600) Kodomo-o Yoko-ga mikaketa takusii-ni noseta. 

child-acc Yoko-nom saw taxi-dat got-on 

'Yoko got the child on the taxi that (she) saw.' 

At the verb mikaketa 'saw,' the parser processes two embedded clauses. One is the 

noun complement clause construction, as shown in (601). 

(601) Stack Track 1: KODOMO-O (child-acc) YOKO-GA (Yoko-nom) MIKAKETA 

(saw) (In Process/Closed) 

The other is the relative clause construction, as shown in (602). 
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(602) Stack Track 1: KODOMO-0 (child-acc) (On Hold) 

Stack Track 2: O, YOKO-GA (Yoko-nom) /i(-0) MDCAKETA (saw) (In 

Process/Closed) 

The noun complement clause in (601) is interpreted as "Yoko saw the child." The 

relative clause in (602) is interpreted as "Yoko saw X (i.e., a trace)." Subsequently, the 

possibility that the embedded clause is the noun complement clause is excluded because 

the noun takusii 'taxi' does not take a sentential complement. The remaining possibility is 

the relative clause, as shown in (603). 

(603) Stack Track 1: KODOMO-O (child-acc) TAKUSUi-Nl (taxi-dat) (In Process) 

Stack Track 2: O, YOKO-GA (Yoko-nom) /i(-0) MDCAKETA (saw) (Closed) 

The relative clause in (603) is interpreted as "the taxi that Yoko saw." Finally, the 

verb noseta 'got-on' appears and requires three arguments. However, as shown in (603), 

there are only a direct object and an indirect object in the stack. The subject (i.e., ga-

marked) is missing. The only subject in the sentence is Yoko-ga. Suppose that the subject 

of the main clause is Yoko-ga. The main clause is interpreted as "Yoko got the child on the 

taxi." However, then, the subject of the relative clause is missing. One way to interpret the 

subject of the relative clause is to postulate a null pronoun that refers to the subject of the 

main clause (i.e., Yoko-ga). Then the relative clause is interpreted as "the taxi that Yoko 

saw," and the entire sentence is interpreted as "Yoko got the child on the taxi that she 

saw." Thus, one of the two local (thematic) interpretations of the embedded clause (i.e.. 
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"Yoko saw the taxi") remains consistent with the global (thematic) interpretation of it. 

Hence, a garden path effect does not result. 

Japanese garden path sentences may seem to be strikingly different from English 

garden path sentences. As a Japanese, I feel that way, too. However, there are similarities 

between them. Chomsky (1986b) argued that a garden path sentence involves a local 

violation of the principle of full interpretation. For example, consider the following garden 

path sentence from English; 

(604) # I put the candy on the table into my mouth. 

In sentence (604), people initially interpret the words I put the camfy on the table 

as a main clause. When the PP into my month appears, it has no role. Full interpretation 

requires that the PP on the table be reanalyzed as a modifier of the noun candy so that the 

PP into my mouth can be interpreted as a complement of the verb put. The cost of 

reanalysis is the garden path effect. Similarly, in Japanese, full interpretation requires that 

all null pronouns have referents. When a main clause verb appears and lacks arguments, 

people make shift with all the explicit arguments they have, trying to assign all the null 

pronouns referents. Thus, Japanese speakers as well as English speakers prefer fUll 

interpretation. 

Japanese garden path sentences and English garden path sentences are also similar 

in that they involve thematic reinterpretation. A superficial difference between Japanese 

garden path sentences and English garden path sentences is that Japanese garden path 

sentences involve two verbs and a null pronoun, whereas English garden path sentences 
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involve only one verb. This difference is due to the difference in head position between the 

two languages. In English, a verb assigns its 6-roles to arguments not only on the left but 

also on the right. For example, in sentence (604), the verb put initially assigns the goal role 

to the PP on the table. Upon reanalysis, the goal role is reassigned to the PP into my 

mouth. Thus, one verb is enough to make a local thematic interpretation inconsistent with 

a global thematic interpretation. On the other hand, in Japanese, a head-final language, a 

verb assigns its 6-roles to arguments only on the left. Therefore, two verbs (and a null 

pronoun) are needed to make a local thematic interpretation inconsistent with a global 

thematic interpretation. Thus, the difference in head position accounts for the difference 

between Japanese and English garden path sentences (Pritchett, 1991). 

Paradoxically, Kamide and Mitchell (1999) produced evidence against head-driven 

parsing. They used sentences like those in (605). 

(605) 

a. Kyoozyu-ga gakusei-ni tosyokansisyo-ga kasita mezurasii 

professor-nom student-dat librarian-nom lent unusual 

komonzyo-o miseta. 

ancient-manuscript-acc showed 

'The professor showed the student the unusual ancient manuscript that the 

librarian had lent (someone).' 

'The professor showed (someone) the unusual ancient manuscript that the librarian 

had lent the student.' 
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b. Kyoozyu-ga gakusei-ni tosyokansisyo-ga yabutta mezurasii 

professor-nom student-dat Ubrarian-nom tore unusual 

komonzyo-o miseta. 

ancient-manuscript-acc showed 

'The professor showed the student the unusual ancient manuscript that the 

librarian had torn.' 

c. Kyoozyu-ga gakusei-ni tosyokansisyo-ga kasita mezurasii 

professor-nom student-dat Ubrarian-nom lent unusual 

komonzyo-o yabutta. 

ancient-manuscript-acc tore 

'The professor tore the unusual ancient manuscript that the librarian had lent the 

student.' 

Sentence (60Sa) is globally ambiguous because gakusei-ni 'student-dat' can be 

attached as either the indirect object of the main clause verb miseta 'showed' or the 

indirect object of the relative clause verb kasita 'lent.' However, the preferred 

interpretation is gakusei-ni 'student-dat' is the indirect object of the main clause verb. 

Sentences (605b) and (605c) are unambiguous. In sentence (605b), gakusei-ni 'student-

dat' must be attached as the indirect object of the main clause verb miseta 'showed' 

because the relative clause wetb yabutta 'tore' does not take an indirect object. In sentence 

(605c), gakusei-ni 'student-dat' must be attached as the indirect object of the relative 

clause verb kasita 'lent' because the main clause yabutta 'tore' does not take an 
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indirect object. Kamide and Mitchell (1999) noted that the head-driven parser attaches 

gakusei-ni 'student-dat' to the first verb that takes an indirect object. In sentence (605a), 

the parser attaches gakusei-ni 'student-dat' to the relative clause verb. When the main 

clause verb appears, the parser may reanalyze the sentence because it also takes an indirect 

object. In sentence (605b), the parser attaches gakusei-ni 'student-dat' to the main clause 

verb because the relative clause verb does not take an indirect object. In sentence (605c), 

the parser attaches gakusei-ni 'student-dat' to the relative clause verb. When the main 

clause verb appears, the parser does not have to reanalyze the sentence because the main 

clause verb does not take an indirect object. Thus, head-driven parsing predicts that there 

may be processing diflBculty at the main clause verb in sentence (605a) but not in the 

others. 

Kamide and Mitchell (1999) also considered pre-head attachment. It is virtually 

the same as minimal attachment. Pre-head attachment predicts that the parser hypothesizes 

a main clause verb and attaches gakusei-ni 'student-dat' as its argument before a main 

clause verb actually appears. In sentence (605a), the parser does not have to reanalyze the 

sentence because the main clause verb takes an indirect object. Similarly, in sentence 

(605b), the parser does not have to reanalyze the sentence because the main clause verb 

takes an indirect object. However, in sentence (605c), the parser must reanalyze the 

sentence because the main clause verb does not take an indirect object. Thus, pre-head 

attachment predicts that there is processing difficulty at the main clause verb in sentence 

(605c) but not in the others. Kamide and Mitchell's experiment supported pre-head 
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attachment. Reading times for main clause verbs were longer in sentences like (605c) than 

in sentences like (605a) and (605b). 

However, pre-head attachment has a serious problem; It cannot account for the 

garden path effects in sentences like (596), repeated below as (606). 

(606) # Yoko-ga kodomo-o mikaketa takusii-ni noseta. 

Yoko-nom child-acc saw taxi-dat got-on 

'Yoko got the child on the taxi that (she) saw.' 

Sentence (606) causes a garden path efifect because kodomo-o 'child-acc' is 

initially attached as the direct object of the embedded clause verb mikaketa 'saw.' If it is 

initially attached as the direct object of a main clause verb, as predicted by pre-head 

attachment, then there should be no garden path effect. 

An alternative explanation of Kamide and Mitchell's (1999) finding is provided by 

clausal analysis. Each of the three sentences in (605) begins with kyoozyu-ga gakusei-ni 

tosyokamisyo-ga. The parser processes them, as shown in (607). 

(607) Stack Track 1: KYOOZYU-GA (professor-nom) GAKUSEI-NI (student-dat) (On 

Hold) 

Stack Track 2: TOSYOKANSISYO-GA (librarian-nom) (In Process) 

When the second subject tosyokansisyo-ga 'librarian-nom' appears, the parser puts 

the first clause on hold and begins processing the second clause. At this point, none of the 

arguments are attached to a hypothesized verb. Simply, the parser does not hypothesize a 

verb. Subsequently, an embedded clause verb appears. It is plausible that the parser has 
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difficulty in retrieving an argument from the other track. As a result, the indirect object 

gakusei-ni 'student-dat' remains on the first track. Sentences like (60Sc) may be niore 

difficult to process than sentences like (605a) and (605b) because they have main clause 

verbs that do not take indirect objects. 

It should be noted that sentences like (605c) may be uncommon because they 

involve scrambling within embedded clauses. In sentence (605c), the indirect object 

gakusei-ni 'student-dat' precedes the subject tosyokansisyo-ga 'librarian-nom' within the 

relative clause. Ross noted that scrambling applies to main clauses more freely than to 

subordinate clauses, and he proposed iht penthouse principle: "More goes on upstairs 

than downstairs" (as cited in Bever, 1975, p. 597). There may be a functional explanation 

of why scrambling within embedded clauses is uncommon. Normally, scrambling involves 

preposing a focused element. It is inefifective to insert a focused element in midsentence. 

Yamashita's (1997) finding is also consistent with clausal analysis. Yamashita used 

sentences like those in (608) (adapted from Yamashita, 1997). 

(608) 

a. Gakusei-ga sensei-ni koibito-ga tegami-o yabutta-to itta. 

student-nom teacher-dat girlfiiend-nom letter-acc tore-comp said 

'The student told the teacher that the girlfiiend had torn the letter.' 

b. Gakusei-ga sensei-ni tegami-o koibito-ga yabutta-to itta. 

student-nom teacher-dat letter-acc girlfiiend-nom tore-comp said 

'The student told the teacher that the girlfiiend had torn the letter.' 
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c. Sensei-ni gakusei-ga tegami-o koibito-ga yabutta-to itta. 

teacher-dat student-nom letter-acc girlfriend-nom tore-comp said 

'The student told the teacher that the girlfriend had torn the letter' 

The three sentences in (608) consist of the same words but differ in word order. 

Sentence (608a) follows the canonical word order. Sentence (608b) and (608c) are 

scrambled sentences. In both sentences (608b) and (608c), the direct object tegami-o 

'letter-acc' precedes the subject koibito-ga 'girlfriend-nom' within the complement clause. 

In addition, in sentence (608c), the indirect object sensei-ni 'teacher-dat' precedes the 

gakusei-ga 'student-nom' within the main clause. Yamashita (1997) found that 

reading times for the fourth arguments tended to be longer in sentences like (608b) and 

(608c) than in sentences like (608a). (The difference was not statistically significant.) In 

my judgment, sentences like (608b) and (608c) cause garden path effects (see also 

Yamashita, 2000). Consider how each of the sentences in (608) is processed. In sentence 

(608a), the parser processes the four arguments, as shown in (609). 

(609) Stack Track I; GAKUSEI-GA (student-nom) SENSEI-NI (teacher-dat) (On 

Hold) 

Stack Track 2: KOIBITO-GA (girlfriend-nom) TEGAMI-O (letter-acc) (In 

Process) 

The parser opens the second track as the second subject koibito-ga 'girlfriend-

nom' appears. 

In sentence (608b), the parser processes the four arguments, as shown in (610). 



(610) Stack Track 1: GAKUSEI-GA (student-nom) SENSEI-NI (teacher-dat) 

TEGAMI-0 (letter-acc) (On Hold) 

Stack Track 2; KOIBITO-GA (girlfriend-nom) (In Process) 

Similarly, in sentence (608c), the parser processes the four arguments, as shown in 

(611). 

(611) Stack Track 1: SENSEI-NI (teacher-dat) GAKUSEI-GA (student-nom) 

TEGAMI-0 (letter-acc) (On Hold) 

Stack Track 2: KOIBITO-GA (girlfriend-nom) (In Process) 

In each of sentences (608b) and (608c), a garden path e£fect seems to occur when 

the second subject koibito-ga 'girlfriend-nom' appears immediately after a set of the 

subject, the direct object, and the indirect object. This class of garden path eflfect is unique 

to head-final languages like Japanese. It cannot happen in English. It does not involve 

thematic reinterpretation but involves clausal reanalysis. 
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13 BEYOND THE GARDEN PATH 

In his book Language Leamability and Language Development, Pinker (1984) 

expressed his disillusionment: 

The field appeared to be a£Qicted with the syndrome endemic to psychology 
whereby empirical phenomena originally examined in order to learn about an 
important theoretical issue take on a life of their own and become the subject of 
intensive study with little regard for their relevance to the original issue, (p. vii) 

I am afraid that garden path phenomena might have taken on a life of their own. 

To begin with, garden path effects are intriguing because perfectly grammatical sentences 

are so dramatically difficult to understand. Hence, beyond hundreds and thousands of 

garden paths, there is a profound question about the relationship between grammar and 

processing. In this study, I presented a fairly explicit theory of language comprehension 

that accounts for data not only from English but from head-final languages, such as Dutch, 

German, and Japanese. In this final chapter, I would like to discuss implications that this 

study has for the relationship between grammar and processing. 

13.1 Grammar and Processing 

Garden path sentences are grammatical yet unacceptable sentences. Originally, 

Bever (1970) proposed perceptual strategies to account for garden path effects. Bever 

considered the perceptual strategies to be generalizations. Such perceptual strategies exist 

independently of grammar. The psycholinguistic experiments of the period supported the 

view that processing is separate from grammar. The early psycholinguistic experiments 

produced the evidence that the perceptual complexity of a sentence does not necessarily 

increase with the number of transformational rules applied to the sentence. On empirical 
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grounds, J. A. Fodor et al. (1974) argued that there is no direct relationship between 

grammar and processing. 

In this study, I raised the alternative possibility. I showed that garden path effects 

result from the ways in which multiple levels of linguistic representation are incrementally 

processed. The findings indicate that there may be no special strategies that exist only for 

the purpose of parsing. Rather, parsing may simply involve making use of every 

grammatical information that becomes available. Multiple parsing—phonological parsing, 

syntactic parsing, and semantic parsing—is a consequence of lexical retrieval. As a word is 

recognized, a phonological element, a syntactic element, and a semantic element all 

become available. Multiple parsing automatically begins at the moment of lexical retrieval. 

Parallel projection parsing is also a consequence of lexical retrieval. If a word is lexically 

ambiguous, the parser simply projects the corresponding phrases. (|>-Phrasing is due to 

phonological structures. It is not a perceptual (or segmentation) strategy (cf Bever, 

1970). Node projection is strictly input driven. The parser projects nodes maximally up to 

the maximal projection (e.g., PP), the extended projection (e.g., CP), or the spec-head 

agreement projection (e.g., AgrP). The parser does not need phrase structure rules to 

project nodes. Parallel attachment parsing requires no serial parsing strategy (cf Frazier, 

1979; Gorrell, 1995b; Pritchett, 1992). If a phrase can be attached to more than one 

position in an existing structure, the parser simply pursues the multiple attachments. 

Similarly, if there are coexisting structures, and if a phrase can be attached to each of 

them, the parser simply pursues the multiple attachments. Coexisting structures do not 
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inhibit each other (cf. MacDonald et al., 1994a). Nor do they have to be compared to each 

other in terms of processing cost (cf Gibson, 1991). Thematic interpretation is due to 

predicate elements. A predicate element functions as the unit of thematic interpretation. 

Clausal analysis is due to extended argument structures. An extended argument structure 

functions as the unit of clausal analysis. 

In the previous chapters, I emphasized that this theory accounts for garden path 

efifects. Now I would like to emphasize that this theory describes the ways in which the 

three levels of linguistic representation are incrementally processed. Certainly, this theory 

provides only a limited description. In particular, this theory cannot describe how garden 

path sentences are reanalyzed. After all, garden path sentences are grammatical sentences. 

People find a way to reanalyze garden path sentences. Evidently, the parser can combine 

words into <|>-phrases in different ways, attach phrases in different ways, interpret thematic 

relations in different ways, and analyze clauses in different ways. Chomsky (1986b) noted 

that garden path sentences pose a problem for the view that parsing is cognitively 

impenetrable and hence unaffected by such factors as expectations. He argued that parsing 

is cognitively penetrable because garden path sentences can be reanalyzed. Chomsky 

suggested that there may be two different rules of parsing; R| and R2. Ri fails to parse 

garden path sentences; R2 succeeds. The distinction between Ri and R2 is important. I am 

proposing a theory of Ri. The claim here is that Ri is the regularity with which granmiar is 

put to use in language comprehension. 
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Any attempt to equate grammar with processing seems to invite a great deal of 

criticism. In his book Aspects of the Theory of Syntax, Chomsky (1965) distinguished 

competence from performance. Competence is "the speaker-hearer's knowledge of his 

language" (Chomsky, 1965, p. 4); performance is "the actual use of language in concrete 

situations" (Chomsky, 1965, p. 4). Chomsky defined linguistics as the study of 

competence. Chomsky also made it clear that "linguistic theory is mentalistic, since it is 

concerned with discovering a mental reality underlying actual behavior" (Chomsky, 1965, 

p. 4). However, he denied that his theory of competence is a description of performance; 

To avoid what has been a continuing misunderstanding, it is perhaps worth while 
to reiterate that a generative grammar is not a model for a speaker or a hearer. It 
attempts to characterize in the most neutral possible terms the knowledge of the 
language that provides the basis for actual use of language by a speaker-hearer. 
When we speak of a grammar as generating a sentence with a certain structural 
description, we mean simply that the grammar assigns this structural description to 
the sentence. When we say that a sentence has a certain derivation with respect to 
a particular generative grammar, we say nothing about how the speaker or hearer 
might proceed, in some practical or efficient way, to construct such a derivation. 
These questions belong to the theory of language use—the theory of performance. 
No doubt, a reasonable model of language use will incorporate, as a basic 
component, the generative grammar that expresses the speaker-hearer's 
knowledge of the language; but this generative grammar does not, in itself, 
prescribe the character or functioning of a perceptual model or a model of speech 
production. (Chomsky, 1965, p. 9) 

Recently, Jackendofif (1997) reexamined the linguistic foundations laid out in the 

1960s. It was important to make it sure whether the foundations were reliable. Jackendoff 

was particularly concerned about syntactocentrism. Syntactocentrism is the view that 

syntax is generative, whereas phonology and semantics are interpretive. Jackendoff argued 

that Chomsky's theory is syntactocentric. In Chomsky's theory, syntactic structures are 
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generated from the lexicon and then transformed into PF representations and LF 

representations. PF representations are phonologically interpreted, and LF representations 

are semantically interpreted. Alternatively, Jackendoff argued that phonology, syntax, and 

semantics are all generative (see also Jackendofif, 1983, 1987a, 1990b, 1992). In 

JackendofiTs theory, phonological structures, syntactic structures, and conceptual 

structures are all generated from the lexicon and linked to each other. JackendofT rejected 

syntactocentrism; 

There is no linguistic argument for syntactocentrism. To be sure, syntactocentrism 
has successfiiUy guided research for a long time—but it is still just an assumption 
that itself was partly a product of historical accident. If syntactic results can be 
rigorously reinterpreted so as to harmonize with psychological and evolutionary 
plausibility, I think we should be delighted, not dismissive. (Jackendoff, 1997, p. 
19) 

In a subsequent paper, Jackendoff (1999) showed that his theory of grammar is 

compatible with performance. In his theory, phonology-syntax and syntax-semantics 

correspondence rules are nondirectional. Therefore, speech perception can begin with 

phonological elements, and speech production can begin with semantic elements. 

Jackendoff argued that neither speech perception nor speech production resembles the 

directionality of Chomsky's theory. 

The theory of multiple parallel parsing that I proposed in this study supports 

Jackendofif s (1997, 1999) theory of grammar. I think that Jackendoff s theory is viable in 

language production as well as language comprehension because it has nondirectional 

correspondence rules. There is considerable evidence that whereas language 

comprehension involves an interaction between multiple levels of linguistic representation. 
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language production involves distinct stages of processing (see Bock & Levelt, 1994; 

Levelt, 1989; for a review). It is a consensus in the field of language production that each 

lexical entry is divided into a lemma and a lexeme. Lemmas are semantic representations; 

lexemes are phonological representations. The distinction between lemmas and lexemes is 

supported by a wide range of data, including speech errors (see Garrett, 1988, for a 

review). Bock (1986a) provided the evidence that the assignment of granmiatical functions 

is affected by the accessibility of lenmias but unaffected by the accessibility of lexemes. 

Bock presented the participants with words and pictures. The participants repeated a word 

and then described a picture with a simple sentence. The word was either semantically or 

phonologically related to the word that would be used to describe the picture. For 

example, if the picture depicted lightening striking a church, either the active sentence 

Lightening is striking the church or the passive sentence The church is being struck by 

lightening would be produced. In this case, the semantically related word was either 

thunder or worship, and the phonologically related word was either frightening or search. 

Bock found that semantic priming affected the assignment of grammatical functions. 

Semantically primed words were more often assigned subjects (i.e., higher grammatical 

functions) than lower grammatical functions. On the other hand, there were no significant 

effects of phonological priming on the assignment of grammatical functions. In a follow-

up study, Bock (1987b) did find effects of phonological priming on the assignment of 

grammatical functions. However, the effects were not facilitation but inhibition. 

Phonologically primed words were more often assigned lower grammatical functions than 



461 

subjects. Bock argued that the di£5culty in retrieving a lexeme due to phonological 

inhibition prompts the use of the alternative structure (see also Leveh & Maassen, 1981). 

Bock's (1986a, 1987b) findings support the view that the accessibility of lemmas 

affects the assignment of grammatical functions (Bock, 1982, 1987a). More accessible 

lemmas are assigned higher grammatical functions than lower grammatical functions. The 

assignment of grammatical functions is equivalent to the assignment of 6-roles because 

thematic relations underlie grammatical fiinctions. Bock's findings indicate that semantic 

structures and phonological structures are not necessarily concurrently active in language 

production. 

Language comprehension and language production differ in grammatical derivation 

because they differ in the flow of information. I think that it is clear that no single 

derivational theory can establish a direct relationship between grammar and processing. 

Arguably, I am mistaken. Chomsky (1965) clearly stated that a generative grammar 

"attempts to characterize in the most neutral possible terms the knowledge of the language 

that provides the basis for actual use of language by a speaker-hearer" (p. 9). However, if 

the generative grammar is mentalistic, a neutralized grammar is not exactly mentalistic. In 

the view of cognitive scientists, grammatical representations are mentalistic in their own 

right, no matter how they are implemented in terms of nerve cells (see Chomsky, 1994). 

However, grammatical derivations are mentalistic only if they harmonize with the actual 

flow of information. 
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In this study, I proposed a theory of Ri. Because language comprehension and 

language production differ in grammatical derivation, let me refer to Ri as Ci and R2 as 

C2. What is the theory of P (production)? P may involve transforming an extended 

argument structure (or extended argument structures) into a syntactic structure where 

lemmas are arranged in surface order, assigned inflectional features, and translated into 

lexemes. The syntactic structure may be transformed into a phonological structure where 

lexemes are assigned metrical information. 

Linguists may have been skeptical about the study of language processing. 

Chomsky and Lasnik (1993) remarked that "the problems are beyond reach" (p. S09). 

They only suggested that "highly idealized aspects of the problem are amenable to study" 

(p. S09). I agree with Chomsky and Lasnik that a theory of C2 is beyond reach (for now). 

However, it is possible to advance an explicit theory of Ci. So I disagree with Chomsky 

and Lasnik. Language processing is not a limitation on the study of language but an 

opportunity for it. 

I think that linguists and psychologists who are intrigued by the human capacity to 

generate an infinite variety of grammatical sentences should consider the theory of P. Any 

theory of P that cannot generate an infinite variety of grammatical sentences should be 

obviously wrong. In my view, transformations, such as subject movement, ivA-movement, 

and head movement, are necessary in language production (but not in language 

comprehension). On the other hand, the theory of Ci should describe how multiple levels 

of linguistic representation are synchronously processed. I think that it would be much 
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easier and less coniiising to describe the grammatical derivations in P and Ci separately 

than to attempt to neutralize them. 

The point of this chapter is not to criticize the linguistic efforts in the past but to 

raise the hope that a deeper understanding of the psychology of language will be obtained 

in the future by collaborative efforts made by linguists and psychologists. Sooner or later 

we will understand all aspects of language. So I agree with Jackendoff (1997); "If 

syntactic results can be rigorously reinterpreted so as to harmonize with psychological and 

evolutionary plausibility, I think we should be delighted, not dismissive" (p. 19). My hope 

is that this study contributes to our growing knowledge of how the human minds work. 

Finally, I would like to emphasize that language is complex. Language involves 

multiple levels of analysis (i.e., multiple levels of representation), so the study of language 

requires multiple perspectives. A single perspective cannot give the whole picture of 

language. Syntactocentrism is prevalent in the field of language comprehension. Most 

theories of syntactic ambiguity resolution have been syntactocentric. In fact, the term 

syntactic ambiguity is syntactocentric because syntactic ambiguities may reflect 

phonological ambiguities or semantic ambiguities. It was syntactocentric of me to use that 

term throughout this study. 

13.2 Concluding Remarks; The Belief in Interdisciplinary Studies 

H. Gardner (198S) characterized a key feature of cognitive science as the belief in 

levels of representation. According to H. Gardner, another key feature of cognitive 

science is the belief in interdisciplinary studies. Moreover, he expressed his advanced view; 
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Today, what is most central to cognitive studies is an individual's disciplinary 
background; whether one works as a philosopher or an anthropologist is more 
salient than whether one works on issues of language or of social interaction. This 
organization around the traditional disciplines would be appropriate if the actual 
domains of cognition did not make a central difference; so long as the same 
processes are believed to occur irrespective of the content of a domain (musical 
versus spatial cognition, for example), the conventional disciplinary division of 
labor makes sense. 

I hold a very different, and still controversial, vision. From my perspective, 
as elaborated in this book, the crucial divisions within cognitive science are not the 
traditional disciplinary perspectives but rather the specific cognitive contents. 
Therefore, scientists should be characterized by the central cognitive domain on 
which they work; broad domains like language, music, social knowledge, logical 
thought; and more focused subdomains, like syntactic processing, the early phases 
of visual processing, or the perception of rhythm. Scientific training and research 
enterprises should come increasingly to be organized around these problems. When 
working on these problems, scientists should fuse their necessarily different 
perspectives in order to arrive at a full account of the particular cognitive domain 
at issue. And so the ultimate cognitive-scientific picture of syntactic processing, or 
of language as a whole, should be a coordinated representational account which 
covers the full gamut of the traditional disciplines without any need even to 
mention them. (H. Gardner, 1985, p. 390) 

I hope that this study will be seen as an effort to arrive at a full account of 

language. There is a long way to go, but progress can be made on the way. 
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APPENDIX: 

ANALYSIS OF REDUCED RELATIVE CLAUSES IN PREVIOUS STUDIES 

This appendix lists the reduced relative clause materials used by 10 previous 

studies of effects of context—both plausibility and discourse—on syntactic ambiguity 

resolution (Britt et al., 1992; Ferreira & Clifton, 1986, Experiment 1, Experiment 2; 

MacDonald, 1994, Experiment 2; Rayner et al., 1983, 1992; Spivey-Knowlton et al., 

1993; Tabossi et al., 1994; Trueswell & Tanenhaus, 1991; Trueswell et al., 1994). The 

materials (N= 199) are divided into five verb classes; (a) passive causative verbs (n = 24), 

(b) passive double object verbs (« = 24), (c) passive object control verbs (n = 2), (d) 

passive optionally-intransitive transitive verbs (/i = 7), and (e) passive transitive verbs (n = 

142). The first four classes of verbs are likely to cause garden path effects in null contexts, 

whereas the last class of verb is unlikely. The purpose of this analysis is to find out what 

percentage of the materials in each study have passive causative verbs, passive double 

object verbs, passive object control verbs, or passive optionally-intransitive transitive 

verbs (i.e., those verbs that are prone to garden path effects in null contexts). This 

percentage, which is referred to as a GP A (garden path average), can be used to predict 

the effectiveness of context; The higher the GPA, the less effective the context. This 

analysis reveals that with the exception of one study (Ferreira & Clifton, 1986, Experiment 

1), the GPA correctly predicts the effectiveness of context. This finding indicates that 

effects of context are modulated by effects of verb class (see chapter 10 for discussion). 

The 10 studies are reviewed in alphabetical order (i.e., by the name of the first author). 
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1. Britt et al. (1992) used 7 passive causative verbs, 1 passive double object verb, 

0 passive object control verb, 0 passive optionally-intransitive transitive verb, and 0 

passive transitive verb in a total of 8 materials. The GPA was 100%. Britt et al. found no 

efifects of discourse context. 

(a) Passive causative verbs: 

1. They said that the woman rushed to the hospital had given birth safely. 

2. The boy stood in the comer was making gestures behind her. 

3. Suddenly the animal curled up in the basket had sprang to action. 

4. The troops dropped from the plane could easily overshoot their target. 

5. The wine aged in the casks was worth the longer wait. 

6. The coffee spilled on the rug was difficult for her to conceal. 

7. The cake baked in the oven was a great success. 

(b) Passive double object verbs: 

1. To his surprise he found that the woman offered a lift had been last seen in 

Wyoming. 

(c) Passive object control verbs: None. 

(d) Passive optionally-intransitive transitive verbs; None. 

(e) Passive transitive verbs: None. 

2. Ferreira and Clifton (1986, Experiment 1) used 0 passive causative verb, 0 

passive double object verb, 0 passive object control verb, 2 passive optionally-intransitive 
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transitive verbs, and 14 passive transitive verbs in a total of 16 materials. The GPA was 

12.5%. Ferreira and Clifton found no efifects of plausibility. 

(a) Passive causative verbs: None. 

(b) Passive double object verbs; None. 

(c) Passive object control verbs: None. 

(d) Passive optionally-intransitive transitive verbs: 

1. The man/questions asked about the murder could not be answered. 

2. The children/stories told about the incident were a great source of concern. 

(e) Passive transitive verbs: 

1. The baby/sidn felt by the blind man was very soft and delicate. 

2. The defendant/evidence examined by the lawyer turned out to be unreliable. 

3. The woman/bill paid after the end of the month had worried Mary a great deal. 

4. The visitor/ship sighted by the lookout probably brought bad news. 

5. The woman/sign painted by the artist was very attractive to look at. 

6. The signer/song listened to by the spellbound audience was the most beautiftil ever 

heard. 

7. The tramp/trash smelled by the dog was laying on the sidewalk. 

8. The man/car towed from the parking lot was parked illegally. 

9. The woman/trees expected by the gardeners didn't arrive on time. 

10. The man/message recorded on the tape recorder could not be understood. 

11. The man/meal brought to the high priest could hardly be described as appealing. 
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12. The slave/car sold illegally to the plantation owner turned out to be worth very 

little. 

13. The authorA>ook read by the student was very hard to understand. 

14. The girl/postcard mailed inside the big box was a warning signal from the mafia. 

3. Ferreira and Clifton (1986, Experiment 2) used 1 passive causative verb, 12 

passive double object verbs, 1 passive object control verb, 2 passive optionally-intransitive 

transitive verbs, and 0 passive transitive verb in a total of 16 materials. The GPA was 

100%. Ferreira and Cliiton found no effects of discourse context. 

(a) Passive causative verbs; 

1. The horse raced past the bam fell in a puddle. 

(b) Passive double object verbs: 

1. The editor played the tape agreed the story was big. 

2. The man taught the new method thought the standard method might be better. 

3. The troll brought the princess thought she looked good enough to eat. 

4. The woman told the joke didn't think it was funny. 

5. The companies mailed the information decided to discontinue certain services 

inmiediately. 

6. The man sold the Vega knew he wasn't getting a very good deal. 

7. The woman served the caviar almost fell into the pool. 

8. The man ordered the drink refused to drink it. 

9. The woman paid the money left the store immediately. 



469 

10. The man read the story said it just confirmed his suspicions. 

11. The woman delivered the letter suddenly got upset. 

12. The company awarded the contract was anxious for the project to get started. 

(c) Passive object control verbs: 

1. The man expected to die would not give up easily. 

(d) Passive optionally-intransitive transitive verbs: 

1. The union sued for damages didn't expect the settlement to be large. 

2. The man asked for directions pulled out a map of New England. 

(e) Passive transitive verbs: None. 

4. MacDonald (1994, Experiment 2) used 3 passive causative verbs, 0 passive 

double object verb, 0 passive object control verb, 1 passive optionally-intransitive 

transitive verb, and 28 passive transitive verbs in a total of 32 materials. The GPA was 

12.5%. MacDonald found effects of plausibility. 

(a) Passive causative verbs: 

1. Although things were quiet now, the child/crate moved out of the way/several 

dozen yards away had been a nuisance all morning long. 

2. The ship's captain believed that the stowaway/cargo surrendered to the port 

authorities/a short time ago was taken to the police station. 

3. The concerned nurse noticed that the patient/wheelchair pushed down the long 

hallway/a short distance away seemed about to collapse. 

(b) Passive double object verbs: None. 
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(c) Passive object control verbs; None. 

(d) Passive optionally-intransitive transitive verbs: 

1. The townspeople didn't know why the criminal/ransom paid for Timmy's safe 

release/a long time ago was never traced by the police. 

(e) Passive transitive verbs: 

1. The news reports stated that the spy/microfilm concealed inside the secret 

passageway/most of the night was discovered when the maid began cleaning. 

2. The head coach heard that the athlete/game observed from the busy 

sidelines/almost all evening long did not impress the processional recruiter. 

3. The woman quickly realized that the boy/lamp carried up the long staircase/a very 

long distance seemed to get heavier with each step. 

4. The contest results showed that the inspector/cheese praised by the international 

experts/just about eveiy day was considered the best in the land. 

5. The merchant's records revealed that a slave/necklace sold in the crowded 

bazaar/about four weeks earlier had once belonged to the beautiful queen. 

6. The researchers carefully investigated why the emperor/carving worshipped on the 

tiny island/many long years ago was supposed to have had magical powers. 

7. Though the facts weren't clear, the detective/murder investigated on the evening 

news/some time before April appeared to be connected with the Mafia. 

8. The management team believed that the workers/shipment transported to the 

polluted beaches/almost two thousand miles would help clean the oil spill. 
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It annoyed the workers that the foreman/production supervised during the 

efficiency campaign/some of the time was ignored by management on other 

occasions. 

The secret documents indicated that the scientists/chemicals guarded in the genetic 

lab/practically all day long were the key to the project's success. 

The community was pleased that an intruder/crime witnessed from a nearby 

apartment/a few days earlier was not being described in the newspapers. 

The dance teacher noticed that the ballerina/ballet studied during the lengthy 

rehearsals/many hours a day was an inspiration to the young dancers. 

The woman could see that the child/shirt washed in the deep sink/quite a long time 

was still smudged with patches of soot. 

After some very intense negotiations, the soldiers/weapons captured during the 

fierce battle/one night last month were exchanged for hostages the next day. 

It was a shame that the poet/poetry admired in the English class/most of the time 

was not discussed in the new textbooks. 

Amidst a dozen video cameras, the defendant/evidence exammed in the crowded 

courtroom/almost all day long was damaging to the district attorney's case. 

Grandma and Grandpa remembered that the relatives/beaches visited during the 

spring break/just about every summer were a favorite with the teenagers. 

Although the club was small, the freshman/award accepted after the campus 

review/a few weeks earlier would enhance the group's reputation for excellence. 
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19. The art teacher remarked that the children/flowers painted by the famous 

artist/many mornings in June were perfect subjects for an Impressionist work. 

20. With no attempt at anonymity, the pupil/project graded by the physics 

professor/about ten minutes earlier was used as an example of plagiarism. 

21. The historian now understood why the farmers/farms attacked during the moonless 

night/only twelve miles away were important to the tiny pioneer settlement. 

22. Although the crew worked smoothly, the experts/equipment replaced during the 

press conference/ahnost every single week was/were necessary for news 

broadcasts from Kuwait. 

23. The town was lucky, because the terrorist/bomb identified in the dark alleyway/one 

dark winter evening could have done terrible damage. 

24. The school board learned that the lecturer/textbook approved in last week's 

meeting/only two weeks ago has now been criticized by several educators. 

25. The manager finally realized why the clients/messages overlooked in the waiting 

room/a number of times would become extremely important to the company. 

26. The videotape coverage showed that the hostages/supplies unloaded fi'om the blue 

van/about an hour ago appeared to be in pretty good condition. 

27. After some last minute arrangements, the student/essay selected in the writing 

contest/one day last week would be presented to the college president. 

28. The magazine article implied that the actor/exhibit reviewed in the local 

papers/several nights on TV was praised by most of the critics. 
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S. Rayner et al. (1983) used 0 passive causative verb, 9 passive double object 

verbs, 1 passive object control verb, 2 passive optionally-intransitive transitive verbs, and 

0 passive transitive verb in a total of 12 materials. The GPA was 100%. Rayner et al. 

found no effects of plausibility. 

(a) Passive causative verbs; None. 

(b) Passive double object verbs; 

1. The bank/tourist wired the money managed not to misplace it this time. 

2. The publishers/customers mailed the information decided to discontinue certain 

services immediately. 

3. The maid/reporter passed the caviar didn't eat any of it. 

4. Susan said that the florist/performer sent the flowers was very pleased with herself. 

5. The judge/defendant denied the right of appeal became very bitter about the legal 

system. 

6. The dealer/teenager sold the car wasn't sure that it was safe. 

7. Everyone saw that the customer/clerk paid the money left the store immediately. 

8. The postman/tenant delivered the junk mail threw it in the trash. 

9. The governess/child read the story was convinced that the newspaper had the facts 

wrong. 

(c) Passive object control verbs; 

1. The hitchhikers/visitors expected to arrive on Monday were detained by the 

weather. 



474 

(d) Passive optionally-intransitive transitive verbs; 

1. The lawyer/doctor sued for damages lost the lawsuit due to a technicality. 

2. The tourists/townspeople asked for directions refused to give them even when they 

could. 

(e) Passive transitive verbs; None. 

6. Rayner et al. (1992) used 13 passive causative verbs, 2 passive double object 

verbs, 0 passive object control verb, 0 passive optionally-intransitive transitive verb, and 0 

passive transitive verb in a total of 15 materials. The GPA was 100%. Rayner et al. found 

no effects of discourse context. 

(a) Passive causative verbs; 

1. The ship tied up by the pier had gone. 

2. The model perched on the dais lost her balance. 

3. The boy stood in the comer was winking at his classmates. 

4. The boy sat on the horse had started to cry. 

5. The animal curled up in the basket suddenly unfurled itself 

6. The troops dropped from the plane could easily overshoot their target. 

7. The trailer pulled ofif the road was in a terrible state. 

8. The gum stuck to the wall was the foundation for the mural. 

9. The wine matured in the casks was the best he had ever tasted. 

10. The legionnaires marched into the desert surprised the Persian forces. 

11. The cofifee spilled on the rug was difficult to conceal. 
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12. The car rolled onto its back formed the center of the barricade. 

13. The cake baked in the oven was a great success. 

(b) Passive double object verbs; 

1. The woman offered a lift had been spotted in the mountains of Wyoming. 

2. The boy awarded the prize was beaming with joy. 

(c) Passive object control verbs: None. 

(d) Passive optionally-intransitive transitive verbs; None. 

(e) Passive transitive verbs; None. 

7. Spivey-Knowlton et al. (1993) used 0 passive causative verb, 0 passive double 

object verb, 0 passive object control verb, 0 passive optionally-intransitive transitive verb, 

and 16 passive transitive verbs in a total of 16 materials. The GPA was 0%. Spivey-

Knowlton et al. found effects of discourse context. 

(a) Passive causative verbs; None. 

(b) Passive double object verbs; None. 

(c) Passive object control verbs; None. 

(d) Passive optionally-intransitive transitive verbs; None. 

(e) Passive transitive verbs; 

1. The patient presented by the doctor feh embarrassed for getting all the attention. 

2. The knight killed by the dragon fell to the ground with a thud. 

3. The woman watched by the guard realized that she was no longer inconspicuous. 

4. The son abandoned by his mother continued to play with the toys. 
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5. The prisoner removed by the guard fought violently to break free of the guard's 

grip-

6. The daughter battered by her mother thought that she deserved the punishment. 

7. The suspect identified by the victim claimed that he was innocent. 

8. The family robbed by the thief called the police as soon as they realized what had 

happened. 

9. The student admitted by the council suggested to his fiiends that they apply to the 

same college. 

10. The boy punished by his father began to cry and ran to his mother. 

11. The actress selected by the director believed that her performance was perfect. 

12. The actor covered by the curtain complained about the incident for weeks. 

13. The senator criticized by the reporter called the TV station and complained about 

the injustice. 

14. The guide abandoned by the team dies before they could contact him. 

15. The boy recognized by the principal received a two-day suspension. 

16. The rabbit raised by the boy responded to him with affection. 

8. Tabossi et al. (1994) used 0 passive causative verb, 0 passive double object 

verb, 0 passive object control verb, 0 passive optionally-intransitive transitive verb, and 36 

passive transitive verbs in a total of 36 materials. The GPA was 0%. Tabossi et al. found 

effects of plausibility. 

(a) Passive causative verbs: None. 
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(b) Passive double object verbs: None. 

(c) Passive object control verbs: None. 

(d) Passive optionally-intransitive transitive verbs: None. 

(e) Passive transitive verbs: 

1. The researcher studied by the historian was known for discovering the tuberculosis 

vaccine. 

The topic studied by the student was broader than the teacher wanted. 

2. The savage devoured by the leopard was weaker than the others. 

The dinner devoured by the lumbeijack was bigger than everyone else's. 

3. The groupie admired by her brother was leaving for Chicago that day. 

The necklace admired by the customer was priced too high for her. 

4. The manager sent by his boss was unhappy to be delivering the message. 

The application sent by the graduate was poorly prepared. 

5. The guard watched by the prisoners was getting very nervous. 

The movie watched by the neighbors was getting great reviews. 

6. The scientist examined by the doctors was seventy years old. 

The fossil examined by the scientist was seventy thousand years old. 

7. The tourist visited by the sheri£f was suspected of murder. 

The museum visited by the tourists was founded in the 18th century. 

8. The archeologist found by the police was locked in a pharaoh's tomb. 

The treasure found by the pirates was locked inside a golden chest. 
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18 

19, 
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The priest worshipped by his followers was ignorant of their strife. 

The goddess worshipped by her followers was ignorant of their strife. 

The professor taught by the specialists was better skilled than the others. 

The trainee taught by the specialists was better skilled than the others. 

The policeman captured by the CIA was frightened for his life. 

The fugitive captured by the CIA was frightened for his life. 

The postman carried by the paramedics was having trouble breathing. 

The newborn carried by the paramedics was having trouble breathing. 

The prosecutor accused by the court pleaded guilty of falsifying evidence. 

The defendant accused by the court pleaded guilty of falsifying evidence. 

The warden released by the inmates insisted that the terms be met. 

The inmate released by the warden insisted that he was never guilty. 

The waiter served by his trainee was displeased with her attitude. 

The customer served by the waitress was displeased with her attitude. 

The teacher dismissed by the principal was happy to leave the school. 

The pupil dismissed by the teacher was happy to get out early. 

The prowler stalked by the police was about to be caught. 

The prey stalked by the lion was about to be caught. 

The rapist tortured by the townspeople was played by Dennis Hopper. 

The victim tortured by the townspeople was played by Dennis Hopper. 

The reporter interviewed by the editor proved unfit for the job. 
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29. 
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The candidate interviewed by the editor proved unfit for ofiBce. 

The employer fired by the owner was jobless for several months. 

The employee fired by the owner was jobless for several months. 

The cop arrested by the detective was guilty of taking bribes. 

The crook arrested by the detective was guilty of grand larceny. 

The boss hired by the corporation was perfect for the job. 

The applicant hired by the corporation was perfect for the job 

The auditor investigated by the authorities was indicted for accepting bribes. 

The criminal investigated by the authorities was indicted for murder. 

The coach instructed by her mentor had made similar career decisions. 

The novice instructed by her mentor had made several judgment errors. 

The butcher slaughtered by the Mafia was getting too bold for their liking. 

The cow slaughtered by the farmer was getting too old to give milk. 

The lion chased by his mate tried to lose her in the bushes. 

The mouse chased by the cat tried to lose him in the bushes 

The knight rescued by the soldier was forever indebted to him. 

The hostage rescued by the soldier was forever indebted to him. 

The monster fiightened by the flames moved away as quickly as it could. 

The baby fiightened by the flames moved away as quickly as it could. 

The Indian hunted by the sheriff ran deep into the hills. 

The rabbit hunted by the sheriff ran deep into the hills. 
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30. The hunter shot by his buddy was only thirty years old. 

The deer shot by the hunter was only used as a trophy. 

31. The judge convicted by the jury was sentenced to five years in prison. 

The criminal convicted by the jury was sentenced to five years in prison. 

32. The inspector interrogated by the FBI was found guilty of drug trafficking. 

The suspect interrogated by the FBI was found guilty of drug trafficking. 

33. The judge selected by the conunittee acted in a tasteless manner. 

The contestant selected by the judges acted in a tasteless manner. 

34. The accountant audited by the government had all her assets fi-ozen. 

The corporation audited by the government had all its assets fi'ozen. 

35. The kid startled by the cockroach jumped up and screamed. 

The librarian startled by the cockroach jumped up and screamed. 

36. The donkey kicked by the farmer deserved to be punished. 

The dog kicked by the farmer deserved to be punished. 

9. Trueswell and Tanenhaus (1991) used 0 passive causative verb, 0 passive 

double object verb, 0 passive object control verb, 0 passive optionally-intransitive 

transitive verb, and 16 passive transitive verbs in a total of 16 materials. The GPA was 

0%. Trueswell and Tanenhaus found effects of discourse context (i.e., past vs. fiiture). 

(a) Passive causative verbs: None. 

(b) Passive double object verbs: None. 

(c) Passive object control verbs: None. 
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(d) Passive optionally-intransitive transitive verbs; None. 

(e) Passive transitive verbs: 

1. The student spotted by the proctor received a warning. 

2. The visitor greeted by the secretary stood up slowly. 

3. The soldier shot by the terrorist called out for help. 

4. The consultant called by the executive never got the message. 

5. The child hugged by the nurse felt much better. 

6. The prisoner pushed by the guard drew a knife. 

7. The man frightened by the child got very angry. 

8. The worshipper touched by the Pope began to cry. 

9. The player approached by the woman became very nervous. 

10. The man recognized by the ofiBcer ran out of the bar. 

11. The referee insulted by the coach threw him out of the game. 

12. The teenager confronted by the cop decided to move along. 

13. The applicant liked by the boss got the job. 

14. The lady assisted by the boy remained surprisingly caUn. 

15. The alien spotted by the guard managed to get across anyway. 

16. The girl hit by the bully called out for a teacher. 

10. Trueswell et al. (1994, Experiments 1 and 2) used 0 passive causative verb, 0 

passive double object verb, 0 passive object control verb, 0 passive optionally-intransitive 
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transitive verb, and 32 passive transitive verbs in a total of 32 materials. The GPA was 

0%. Trueswell et al. found effects of plausibility. 

(a) Passive causative verbs; None. 

(b) Passive double object verbs; None. 

(c) Passive object control verbs; None. 

(d) Passive optionally-intransitive transitive verbs; None. 

(e) Passive transitive verbs; 

1. The defendant/evidence examined by the lawyer turned out to be unreliable. 

2. The prisoner/gold transported by the guards was closely watched. 

3. The teacher/textbook loved by the class was very easy to understand. 

4. The workers/bricks lifted by the crane were deposited on the roof 

5. The student/paper graded by the professor received a low mark. 

6. The contestant/recipe selected by the judges did not deserve to win. 

7. The specialist/equipment requested by the hospital finally arrived. 

8. The thiefijewelry identified by the victim was held for questioning/as evidence. 

9. The soldier/valley captured by the enemy was closely guarded. 

10. The troops/power plant attacked by the terrorists suffered heavy losses. 

11. The artist/painting studied by the historian was a complete unknown. 

12. The boy/necklace described by the lady was quite handsome/beautiilil. 

13. The mailman/package expected by the secretary arrived too late. 

14. The woman/sofa scratched by the cat was badly injured/damaged. 
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15. The man/van recognized by the spy took off down the street. 

16. The client/account wanted by the advertiser was worth a lost of money. 

17. The speaker/solution proposed by the group would work perfectly for the 

program. 

18. The man/ransom paid by the parents was unreasonable. 

19. The lawyer/package sent by the governor arrived late. 

20. The student/award accepted by the school was very pleased. 

21. The woman/portrait sketched by the artist was very beautifiil. 

22. The defendant/evidence examined by the lawyer turned out to be unreliable. 

23. The specialist/equipment requested by the hospital had finally arrived. 

24. The artist/painting studied by the historian was relatively unknown. 

IS. The man/van recognized by the spy took off down the street. 

26. The man/message recorded by the secretary could not be understood. 

27. The author/book read by the student was very difificult to understand. 

28. The director/building watched by the cop was in a bad part of town. 

29. The scientists/alternatives considered by the committee each had limitations. 

30. The student/paper graded by the professor was very interesting. 

31. The mailman/package expected by the secretary arrived too late. 

32. The man/car towed by the garage was parked illegally. 
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