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ABSTRACT OF THE DISSERTATION 

 

 

 

Sentence Comprehension in Aphasia: A Test of the Intervener Hypothesis 

 

 

by 

 

 

 

Natalie Jean Sullivan 

 

 

Doctor of Philosophy in Language and Communicative Disorders 

 

 

University of California, San Diego, 2017 

San Diego State University, 2017 

 

 

Professor Tracy Love, Co-Chair 

Professor Lewis Shapiro, Co-Chair 

 

 

   This dissertation investigates the factors that contribute to the sentence 

comprehension deficits exhibited by individuals with a particular acquired language 

disorder, Broca’s aphasia. Individuals with Broca’s aphasia (IWBA) have no difficulty 

comprehending sentences that conform to canonical (S-V-O) word order. However, 

difficulty arises for non-canonical sentences that contain syntactic dependencies. There 

are several accounts that attempt to explain these deficits. The focus of these accounts 

differs, some focus on syntax, others on lexical level deficits, and others on reduced 



 

 xxii 

cognitive resources. The current dissertation offers and focuses on a more recent account 

of the sentence processing deficits in IWBA, the Intervener Hypothesis (IH).  

            The IH suggests that difficulty comprehending sentences that contain syntactic 

dependencies arises when comprehension requires the crossing of an intervening noun 

phrase (NP), or intervener. The intervener causes similarity-based interference (SBI) 

because it is a possible element in the syntactic dependency. This dissertation tests the IH 

using sentences that contain a syntactic dependency inherent to unaccusative verbs.  

 Chapter 2 outlines pertinent linguistic concepts. Chapter 3 provides an overview 

of aphasia. Chapter 4 reviews psycholinguistic literature focusing on verb processing.  

Chapter 5 describes the sentence comprehension deficits observed in aphasia and 

theoretical accounts of these deficits. Chapter 6 details the account this dissertation 

focuses on, the IH. Chapter 7 investigates the time-course of lexical reactivation of 

unaccusative verbs during sentence processing. The results revealed that IWBA exhibit a 

time-course of lexical reactivation similar to neurologically unimpaired age-matched 

control (AMC) individuals indicating that IWBA are sensitive to the unaccusative 

property. Chapter 8 evaluates the IH by comparing final comprehension of sentences that 

contain unaccusative verbs in sentence constructions that contain an intervener and ones 

that do not. For IWBA, chance comprehension was found for sentences that contained an 

intervener suggesting SBI interferes with comprehension. Chapter 9 further investigates 

the pattern of comprehension observed in Chapter 8 using a real-time methodology, and 

also includes the first semantic manipulation of an intervener. The results revealed that 

SBI is observed during real time sentence processing of sentences that contain an 

unaccusative verb and an intervener, and that animacy reduced observed SBI.  



 

 1 

CHAPTER 1: 

 

Introduction 

 

 



 

 
 
 

2 

1.1 Introduction 

Successful auditory language comprehension requires processes that activate and 

integrate several types of linguistic and nonlinguistic information. These processes are 

often only revealed when temporally sensitive online tasks are used, that is, tasks that 

measure comprehension during the unfolding of the sentence in real time.  On the other 

hand, offline tasks, those that measure the endpoints of these online processes, reveal 

final sentence comprehension performance. Thus, a combination of on- and offline 

studies are necessary to reveal the moment-by-moment processing routines that give way 

to final comprehension.  

For most individuals, auditory language comprehension appears effortless and 

automatic, but for some individuals this ability is compromised. This dissertation focuses 

on how adult individuals with a language disorder comprehend particular types of 

sentences, using both off- and online investigations. The goal is to understand the 

underlying nature of the comprehension deficit in aphasia, an acquired language 

disorder typically resulting from the brain damage following a stroke. For individuals 

with a specific sub-type of aphasia (agrammatic Broca’s aphasia) comprehension of some 

sentences with non-canonical word order is difficult. In English, canonical word order is 

subject-verb-object (SVO). Sentences that do not conform to canonical word order 

include, among others, passives, sentences with object-extracted relatives, and object-

extracted Wh-questions. Consider the following examples: 

(1) The girl that kissed the boy has red hair. 

(2) The girl that the boy kissed <the girl> has red hair. 

 



 

 
 
 

3 

In both (1) and (2), the ‘underlying’ meaning of the sentence is roughly ‘girl (with red 

hair) kissed boy,’ yet word order differs between the two. Example (1) conforms to SVO 

word order, contains a subject-relative clause where the Noun Phrase (NP) the girl is the 

subject or Agent of the action described by the verb kiss, and the NP the boy is the object 

or Patient of the action. Example (2), with an object-relative clause, reverses the subject 

and object, yielding Object-Subject-Verb (OSV) word order. On some theoretical 

accounts, (2) contains a syntactic dependency, where the object has been displaced 

(‘moved’) from its canonical position occurring after the verb to a position occurring 

before the verb. This displacement yields a copy of the affected NP (the girl) in the 

underlying object position. Skipping details here, to understand (2), listeners and readers 

must be able to link the two positions to understand “who did what to whom.” If such 

linking is absent or delayed during sentence processing, comprehension suffers.  

 Sentences (1) and (2) contain a verb (kiss) that is transitive, that requires two 

arguments in the sentence, both a subject and an affected object, and thus non-canonical 

word order is derived by displacement of the object. Consider now verbs that are 

intransitive, that only require a single argument or NP: 

 (3) The boy jumped. 

 (4) The boy disappeared <the boy>. 

Sentence (3) contains an unergative verb, a type of verb that has one NP that serves as 

the semantic agent of the action and is essentially the subject. Sentence (4) contains an 

unaccusative verb, where the single argument is not the Agent of the action but is instead 

the Patient or Theme. On one important linguistic account – the Unaccusativity 

Hypothesis – the single argument of the verb in (4) has been displaced from the 
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underlying object position to a position at the front of the sentence, leaving behind a copy 

of the derivation (or “trace” in other linguistic terminology) (Burzio, 1986; Perlmutter, 

1978; Perlmutter & Postal, 1984). I reserve the details of this verb type and its 

implication for the syntactic representation of a sentence for later chapters. Here I note 

that I exploit the properties of these verb types in our investigations, which will help 

reveal the underlying nature of the comprehension deficit in aphasia.  

Accounts of sentence comprehension difficulties in Broca’s aphasia have posited 

a variety of underlying causes. Some accounts center on lexical level deficits (Love, 

Swinney, Walenski & Zurif, 2008; Thompson and Choy, 2009), others on syntax 

(Grodzinsky, 2000; Burkhardt, Piñango & Wong, 2003), and still others focus on 

memory processes that underlie similarity-based interference, termed the Intervener 

Hypothesis (e.g., Sheppard, Walenski, Love, & Shapiro, 2015). The latter approach is one 

of the primary foci of this dissertation, detailed in further chapters. Importantly, revealing 

the underlying nature of the sentence comprehension deficit in aphasia has the potential 

to aid in the development of theoretically motivated and efficacious language 

interventions (see, for example, Thompson & Shapiro, 2007), and has implications for 

understanding brain-behavior relations.  

1.2 Overview of Dissertation  

The primary goal of this dissertation is to understand the factors contributing to 

the pattern of sentence comprehension deficits evinced by individuals with Broca’s 

aphasia. This dissertation focuses on a recent account of the sentence processing deficits 

in individuals with Broca’s aphasia, the Intervener Hypothesis (Sheppard et al., 2015; 

Engel, Shapiro, & Love, submitted). The Intervener Hypothesis suggests that the 
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presence of intervening noun phrase (NP) between the elements linked by a syntactic 

dependency induces similarity-based interference. The claim here is that similarity-based 

interference is responsible for the sentence comprehension patterns that are a hallmark of 

Broca’s aphasia. To evaluate the Intervener Hypothesis, a variety of methods, including 

offline and online tasks, are used to explore how particular sentence types that include 

unaccusative verbs are understood.  

In Chapter 2 I provide an overview of linguistic terminology relevant to sentence 

processing, focusing on the properties of verbs. In Chapter 3 I offer an interlude, 

discussing aphasia and its symptoms. Chapter 4 describes the psycholinguistic literature 

regarding processing verb properties in both unimpaired and aphasic populations. 

Chapter 5 offers a brief review of the sentence processing deficits that result from 

Broca’s aphasia and the theoretical accounts aimed at explaining these deficits. Chapter 6 

offers a thorough explanation of the Intervener Hypothesis and a review of relevant 

psycholinguistic literature.  

To determine if individuals with Broca’s aphasia are sensitive to unaccusative 

verbs and process them with a similar time-course as neurologically unimpaired 

individuals, Chapter 7 includes studies that investigate the online processing of sentences 

that contain unaccusative verbs. Chapter 8 provides an offline study that uses sentences 

that contain unaccusative verbs as a test case for the Intervener Hypothesis.  

To date, the Intervener Hypothesis has only been evaluated in terms of structural 

similarity, that is, using NPs that are structurally similar (e.g., those that have both a 

Determiner and Noun). However, other characteristics of interveners, such as semantics, 

may also play a role in similarity-based interference during sentence processing. Chapter 
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9 includes an online study that explores how and when similarity based interference 

manifests during sentences that contain unaccusative verbs, and investigates whether 

semantically manipulating an intervener via its animacy reduces its impact and thus 

improves comprehension performance. Finally, Chapter 10 is a general discussion of the 

topics of the dissertation, along with its conclusions. I now move to Chapter 2, where 

some basic linguistic properties of sentences are discussed. 
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CHAPTER 2: 

 

Linguistic Considerations 
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2.1 Phrase Structure (Simplified) 

 Sentences are comprised of constituents that are organized in a hierarchical 

manner. In Figure 2-1 below, revealing the simplified structure of the sentence, “The boy 

kicked the girl,” each lexical item belongs to a lexical category, for example, Noun, 

Determiner, Verb.     

Figure 2-1. Abbreviated phrase structure for the boy kicked the girl. 

 

Following Chomsky’s transformational grammar framework, constituents combine via a 

Merge operation to form higher order phrasal categories (Chomsky, 1995). In the 

example above, the Determiner the and the Noun boy merge to form the Determiner 

Phrase (DP) the boy. The successive merging of phrasal categories yields a sentence. 

Thus in Figure 1, the DP1 and the Verb Phrase (VP) merge to form the sentence, The boy 

kicked the girl.  

 Phrasal categories are constrained by a set of rules. A phrasal category must 

contain a lexical item belonging to the lexical category of the phrase, for example, a VP 

                                                 
1 For simplicity, in the remainder of the paper NP will be used instead of DP.  
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must contain a Verb. Second, the lexical item from which a phrasal category projects is 

the head of that phrase. For example, the VP kicked the girl projects from the verb kick 

and therefore kick is the head of the VP. Third, all phrasal categories must contain a head. 

English is a head-first language such that anything that is formed to the right of the head 

is a complement of the head. For example, the NP the girl is a complement of the head of 

the VP, the verb kick.  

2.2 Lexical Properties of Verbs 

 An individual’s mental lexicon is comprised of all the lexical items that an 

individual knows. Two important classes of lexical items that comprise an individual’s 

lexicon are nouns and verbs, both of which are required to form a sentence. The 

representations of nouns and verbs in the lexicon are similar in that they both include 

their lexical category, phonological, orthographic, and semantic information. One 

important property of verbs is its argument structure. As shown below, argument 

structure constrains phrasal structure to yield only grammatical (well-formed) sentences.  

 Predicate argument structure in its simplest form characterizes how many 

participants a verb requires in a sentence. Consider:  

(1) The girl slept.  

(2) The girl kicked the boy. 

(3) The girl put the book on the shelf.  

(4) *The girl bought.  

In (1) the verb slept requires one argument (the girl) and so is a one place predicate, with 

the single argument playing the role of grammatical subject; one argument verbs are 

intransitive. In (2) the verb kicked requires two arguments, one in the grammatical subject 
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position (the girl) and one in the grammatical object position (the boy). Verbs such as 

kicked, that require two arguments, are transitive verbs. In (3) the verb put requires three 

arguments, one in the grammatical subject position (the girl), one in the grammatical 

direct object position (the book), and one in the grammatical indirect object position (the 

shelf). Verbs like put, that select for three arguments, are ditransitive verbs.  

Violations of argument structure such as missing or extra arguments result in 

ungrammatical sentences, as in (4). Here, the verb bought requires two arguments. 

Because the sentence contains only one argument (the NP, the girl), the argument 

structure for the verb is not satisfied in the sentence, and the sentence therefore is 

ungrammatical. In this way, argument structure is a constraint on the well-formedness of 

sentences.  

 Some verbs can take more than one argument structure configuration. In (5) and 

(6) below, the verb serve selects for either a two-place argument structure (5), or a three-

place argument structure (6): 

(5) The waitress served the sandwich. 

(6) The waitress served the customer to the customer 

Verbs can also be optionally transitive as demonstrated in (7) and (8): 

(7) The boy ate. 

(8) The boy ate the hamburger. 

In (7) the verb ate takes the single argument the boy, while in (8) the verb takes two 

arguments (the boy and the hamburger).  

 In addition to these syntactic constraints, verb argument structure also plays a role 

in the semantics of sentences through thematic roles. Thematic roles describe the 
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semantic relationship between a verb and its arguments. Recall that the transitive verb 

kick requires two arguments. One argument must perform the action of kicking and one 

must receive it. In (9) the argument initiating the action is assigned the thematic role of 

Agent and the argument receiving the action is assigned the thematic role of Theme.  

(9) The boy kicked the girl.  

                  Agent               Theme 

Each argument can receive one and only one thematic role and each thematic role can be 

assigned to only one argument. When these constraints are violated, it results in 

ungrammaticality, shown below in (10). In (10) there is no argument position to receive 

the thematic role of Theme and therefore the sentence is ungrammatical.  

(10) *The boy kicked  

                Agent  

There are several other thematic roles that describe the semantic relationship between a 

verb and its arguments. Some other common thematic roles include Experiencer, 

assigned to an argument undergoing a psychological or mental event (e.g., John thinks 

that Mary likes him), Goal, assigned to an argument that something moves towards (e.g., 

John gave the book to Mary), and Locative, assigned to the location where something 

happens (e.g., John hid the ball under the table).  

 Verbs assign thematic roles to their arguments via theta marking (Chomsky, 

1981). Recall from the description of phrase structure that elements to the right of the 

head of a phrase in English are complements. On some accounts, complements or 

arguments within the VP (also called internal arguments) are assigned a thematic role as 

they merge with the verb to form the VP. When the VP merges with the external 

argument (i.e., the subject) it is assigned a thematic role. Verbs assign thematic roles to 
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grammatical positions, for example, the transitive verb kick has two thematic roles to 

assign, one to the grammatical subject position (Agent) and one to the grammatical object 

position (Theme).  

The sentences above used to demonstrate thematic role assignment conform to 

canonical subject-verb-object (for English) word order. In the case of non-canonical 

sentences such as (11), thematic role assignment is similar.   

(11) The boy that the girl kicked <the boy>. 

Skipping some details, recall that non-canonical word order sentences often contain a 

syntactic dependency. In (11) the direct object NP (the boy) is displaced to an earlier 

position and leaves behind a covert copy or trace resulting in a syntactic link between the 

two constituents. In many non-canonical word order sentences, the Agent role is assigned 

to the subject NP (the girl) the same way that it is assigned for canonical word order 

sentences. And like canonical sentences, the thematic role Theme is assigned to the direct 

object position, but this position is now occupied by a copy (or trace) of the displaced 

NP.  The displaced NP (the boy) receives the thematic role of Theme via the link between 

the copy and the displaced NP (on other similar accounts, the thematic role is assigned to 

the syntactic chain, in this case consisting of the displaced NP and its copy).  

Moving back to intransitive verbs, there are two types of interest to this study: 

unergatives and unaccusatives. Both types require only one argument, yet there are 

semantic and syntactic properties that distinguish the two. For example, in (12) below the 

single argument (the NP the boy) of the unergative verb jump is initiating the action of 

jumping and is assigned the thematic role of Agent. 

(12) The boy jumped.  
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(13) The boy disappeared <the boy>.  

In (13) the single argument (the NP the boy) of the unaccusative verb disappear is not 

initiating the action of disappearing. Instead, the action is happening to the single 

argument and is therefore assigned the thematic role of theme, a thematic role typically 

assigned to the grammatical object of a sentence.  

 In addition to this semantic difference, unaccusatives and unergatives also differ 

syntactically. In both (12) and (13) the single argument occurs in the grammatical subject 

position.  However, according to the Unaccusativity Hypothesis (Burzio, 1986; 

Perlmutter, 1978; Perlmutter & Postal, 1984), the single argument for unaccusative verbs 

such as disappear (13) is claimed to be base-generated in object position and is displaced 

to the surface subject position, leaving behind a covert constituent called a trace (or copy) 

in linguistic terminology and a gap in psycholinguistic terminology. To successfully 

comprehend a sentence such as (13), the link between the gap and its antecedent must be 

established and processed.  

 Some unaccusative verbs can alternate in transitivity. For example, in (14) melt 

occurs in a transitive context and in (15) melt is used intransitively.   

(14) The sun melted the popsicle.  

(15) The popsicle melted.  

Unaccusative verbs that can be used both transitively and intransitively are called 

alternating unaccusatives. Not all unaccusative verbs alternate in transitivity. For 

example, if the unaccusative verb arrive is used transitively it results in an ungrammatical 

sentence, as shown in (16).  

(16) *The girl arrived the boy.  
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Unaccusative verbs that can only be used in an intransitive context are called non-

alternating unaccusative verbs.  

To briefly summarize, argument structure characterizes how many participants a 

verb requires. Thematic role assignment from the verb or VP to its arguments 

characterizes the sentence in terms of ‘who does what to whom’. Finally, there are also 

two types of intransitive verbs, with one type, unaccusatives, yielding a syntactic 

dependency. I now move to a chapter describing aphasia, with a focus on individuals with 

Broca’s aphasia and the comprehension deficits they evince.  
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CHAPTER 3: 

 

Aphasia: An Interlude 
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3.1 Introduction 

 

Aphasia is an acquired language disorder that results from a cerebrovascular 

accident, or stroke. Most often, when a stroke occurs in the left hemisphere (for most 

right-handed individuals), it results in difficulties in core language areas such as 

comprehension, production, reading, and/or writing. The extent of language impairments 

can vary depending on the size and location of the resulting lesion. Aphasia is not a 

unitary disorder, as many subtypes of the disorder have been classified based on the 

constellation of behavioral symptoms and deficits that are present (Kertesz, 1982; 

Goodglass & Kaplan, 1972).  Although this dissertation focuses on a particular sub-type 

of aphasia (Broca’s aphasia), this group is typically compared to other sub-types of 

aphasia as control groups to aid in understanding brain-behavior relationships. This tactic 

allows investigators to isolate language processing to specific groups and ultimately to 

the neural networks underlying the impairment.  Thus, a general overview of aphasia sub-

types is provided below. 

3.2 Categories of Aphasia 

Historically, aphasia has been categorized based on behavior and the general areas 

of the brain that have been affected by neural trauma (Kertesz, 1982; Goodglass & 

Kaplan, 1972). There are two main categories of aphasia, fluent and non-fluent. The sub-

types of aphasia that fall under the fluent category include Wernicke’s, Conduction, 

Anomia and Transcortical Sensory. Individuals with fluent aphasias produce speech 

rather effortlessly.  However, the content of their utterances can be nonsensical and often 

referred to as “empty” as it is riddled with errors such as jargon or inappropriate word 

choices, making those patients difficult to understand. While the ability to produce 
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speech is relatively intact for individuals with fluent aphasia, their language 

comprehension abilities are impaired. This pattern of receptive/expressive language is in 

contrast to the other general sub-types of aphasia that fall under the non-fluent aphasia 

category that include Broca’s, Global and Transcortical Motor.  Individuals with non-

fluent aphasias typically have expressive impairments, producing halting, telegraphic, 

slow speech. Historically, they were thought to have impairments limited to the language 

production domain, but back in the 1970’s, it became clear that comprehension was also 

vulnerable in some of these individuals (more details below).   

What follows is a brief overview to the language profile of a specific subtype of 

aphasia that will be the focus of this dissertation- Broca’s aphasia.  This group has been 

shown to have particular impairments comprehending complex sentence structures and 

thus provides an excellent opportunity to explore the brain-behavior relationship 

underlying language processing.   

3.3 Broca’s Aphasia 

Language production in individuals with Broca’s aphasia is characterized as slow, 

halting and telegraphic as they often omit function words, such as “the” or “and,” as well 

as grammatical markers for tense, agreement, number, and gender. While language 

production difficulties are most apparent in individuals with Broca’s aphasia, research 

has demonstrated that they also have comprehension impairments (Caramazza & Zurif, 

1976; Love, Swinney, Walenski, & Zurif, 2008; Grodzinsky, 2000, among others).    

In one of the first studies to highlight comprehension deficits in individuals with 

Broca’s aphasia, Caramazza and Zurif (1976) reported comprehension deficits for 

semantically reversible sentences (2) as compared to nonreversible ones (1); the former 
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being one in which multiple nouns in the sentence could viably perform the action of the 

sentence. Consider the following: 

(1) The pizza was eaten by the boy. 

(2) The girl was kicked by the boy. 

Both of these sentences are passivized, as such the noun receiving the action of 

the verb precedes the verb.  Sentence (2) is semantically reversible since the two nouns 

(“boy” and “girl”) are each capable of performing the action (the act of “kicking”), as 

they are both animate nouns.  However, in example 1, the two nouns (“pizza” and “boy”) 

are not semantically reversible, because the boy is an animate noun, and is thus the only 

entity who can perform the action of eating (pizza, as an inanimate object, cannot 

perform this action).  

When individuals with Broca’s aphasia were presented with semantically 

reversible (e.g., example 2) and non-reversible (e.g., example 1) sentences in a sentence-

picture matching task, they demonstrated above-chance performance on non-reversible 

constructions (1) and chance performance for reversible ones (2).  Based on these results, 

the authors argued that these individuals used their real-world knowledge of the 

properties of animate and inanimate objects in order to determine who performed the 

action in non-reversible sentences.  However, when both nouns in the sentence could 

possibly perform the action in reversible sentences, patients were unable to use any 

semantic cues to determine who performed the action of the sentence.   

Based on this set of findings, Caramazza and Zurif argued for a representational 

deficit for these individuals, arguing that Broca’s patients lack the syntactic knowledge 

needed to comprehend syntactically-complex sentence structures.  They further argued 
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that these patients would rely on heuristic strategies whenever possible to aid in 

understanding these types of sentences.  Thus, in the same way that individuals with 

Broca’s aphasia lack grammar in their production, Caramazza and Zurif argued that they 

also lack the grammatical skills that are needed to properly comprehend sentences, and 

the authors described this collection of deficits under the new term “overarching 

agrammatism,” which refers to the purported grammatical deficit in Broca’s aphasia, 

across both receptive and expressive domains. 

Beyond Caramazza and Zurif’s original study (1976), a great deal of work has 

been devoted to trying to more fully understand the nature of sentence comprehension 

deficits in this population.  It has been repeatedly demonstrated that individuals with 

Broca’s aphasia have minimal difficulties understanding canonically ordered (S-V-O, 

English) sentences (3) below, but have difficultly comprehending non-canonical 

sentences such as (4) below (Schwartz, Linebarger, Saffran, & Pate, 1987; Love & Oster, 

2002; Grodzinsky, 2000; Hickok, 1992; Zurif, Swinney, Prather, Solomon, & Bushell, 

1993, Love et al., 2008, and many others). 

 (3) The boy kicked the girl with red hair. 

                     subject  verb   object 

(4) The girl that the boy kicked <the girl> had red hair.  

                                 object        subject  verb    

 In (4), a non-canonical object-extracted relative clause, the direct object NP has 

been displaced from a post verbal position to the beginning of the sentence. This 

displacement leaves behind a trace (or gap) in the direct object position from which the 

NP (the girl) has been displaced as depicted in (4). In order to successfully comprehend a 
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sentence that contains a filler-gap syntactic dependency, processing the link between the 

gap or trace and its antecedent is required.  

 In summary, this chapter included a brief description of the two categories of 

aphasia, fluent and non-fluent. I also outlined the language abilities of individuals with 

Broca’s aphasia and detailed the sentence comprehension deficit among this population. 

The studies included in this dissertation focus on a verb property to further investigate the 

factors contributing to the sentence comprehension deficit observed for individuals with 

Broca’s aphasia. As such, in the following chapter I provide a review of psycholinguistic 

studies that focus on verb properties in neurologically unimpaired individuals and 

individuals with aphasia.   
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Psycholinguistics of Verb Properties 
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4.1 Introduction  

In this chapter, the properties of verbs and sentences reviewed in Chapter 2, Linguistic 

Considerations, are discussed in terms of their processing implications for both 

unimpaired individuals as well as aphasic populations. To begin, I offer a brief primer on 

the various methods and tasks typically employed in psycholinguistic research.  

4.2 Methods and Tasks 

Recall from Chapter 1 the distinction between online and offline methods. Online 

sentence processing methods examine the types of information that are available on a 

moment-to-moment, real-time basis during sentence processing. Methods in this category 

include cross-modal interference (CMI) tasks, cross-modal priming (CMP) tasks, 

functional magnetic resonance imaging (fMRI), electroencephalography (EEG), and eye 

tracking using the visual world paradigm (VWP).  

Cross-modal interference (CMI) is a dual-task method that uses reaction times 

as a measure of cognitive load. As participants are presented with auditory sentences, 

they are required to make a binary decision about a visual probe (e.g., string of letters) 

presented momentarily (e.g., 500 ms) on a screen at a particular point in time. 

Participants must determine if the letter string is or is not a real word and push a response 

button as quickly as possible. In trials where the letter string is a real word, the word is 

unrelated to the sentence. Reaction times to the lexical decision are collected, with longer 

reaction times indicative of greater processing demands at the point where the probe was 

encountered, essentially revealing a snapshot of processing. One advantage of this 

method is that it allows for the uninterrupted presentation of the auditory stimuli; that is, 

the sentence plays through to its end. Furthermore, the lexical probes can be placed 
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anywhere during the unfolding of the sentence. Yet, CMI is a dual-task, and thus has the 

disadvantage of requiring a listener to make a decision during the sentence while also 

listening to the sentence for meaning. Also, depending on the number of probe positions 

required in an experiment, the designs can get cumbersome, since the method requires 

that only a single probe be placed during any one sentence.  

Similar to cross-modal interference tasks, CMP also employs a dual-task. This 

technique has two variants that differ on the type of overt response the participant makes.  

During cross modal lexical priming (CMLP) or cross modal picture priming (CMPP), 

participants are presented with auditory sentences and required to make a binary decision 

about a visually presented probe (lexical item or picture). Importantly in this method, the 

visual probe is related to a lexical item of interest in the sentence in one condition and 

unrelated in another. Faster reaction times to the related versus the unrelated visual probe 

indicates priming, a measure of lexical activation. The other variant of CMP is cross-

modal naming (CMN).  Here, rather than participants making a binary decision to a 

visual probe (e.g., lexical decision), they overtly name what is visually presented.  As in 

CMLP and CMPP, the visual probes are either related or unrelated to a critical item in the 

sentence and the participant’s naming time and accuracy are recorded. All CMP variants 

have been shown to be effective in reflecting lexical activation. 

Similar to CMI tasks this method is advantageous as it allows for continuous 

presentation of the auditory stimuli. However, like CMI, the binary decision that allows 

for measurement of lexical activation in CMP only occurs at predetermined time-points 

of interest during the unfolding of the sentence. Thus, one disadvantage of this task is that 

it can only illuminate what is occurring at the specified time points, and not over the 
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entire auditory stream. And like CMI, CMP also has the disadvantage of a dual task – 

though dual task processing is reasonably easy for neurologically-unimpaired, arguments 

can be made that the task itself could be difficult for those participants with brain 

damage.    

The ability to investigate processing over the entire auditory stream is offered by 

the visual world paradigm (VWP). VWP, also called “looking-while-listening” was 

motivated by Cooper’s (1974) observation that when listeners view a scene and are 

simultaneously presented with auditory language, they look at what is mentioned in the 

auditory input. As such, during a VWP study participants are simultaneously presented 

with a visual display and auditory input. Visual displays are either a scene or an array that 

depicts the constituents mentioned in the auditory input, as well as distractor items not 

mentioned in the auditory input. Eye gazes to the referents are recorded as the sentence 

unfolds and used as the dependent measure. A potential disadvantage of this 

methodology is that the visual stimuli may support, or influence, auditory processing.  

Another online method comes from electroencephalography (EEG). In EEG 

studies, electrodes are placed on the scalp to measure the electrical activity of the brain. 

Event related potentials (ERPs) are changes in voltage that are time-locked to the 

presentation of a stimulus. ERPs are averaged over several trials and the succession of 

negative and positive changes in voltage over time collected are referred to as ERP 

components. ERP components are typically characterized in terms of polarity, amplitude, 

latency, and scalp distribution. For example, the P300 component is a positive fluctuation 

in voltage that occurs roughly 300 milliseconds after a visual or auditory stimulus. The 

distinct advantages of ERP include the fluent presentation of the input and that no dual 
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task is necessary, and indeed, in many cases the listener’s only task is to listen to the 

sentences.  ERP is well suited for determining the timing of neural activity, as it is 

sensitive to millisecond effects, but is less effective at determining where in the brain 

neural activity is occurring if that is one of the goals of the experiment. 

In comparison to the fine-grained temporal resolution offered by EEG, fMRI is 

an online imaging method that provides very good spatial resolution. fMRI is a type of 

magnetic resonance imaging that measures changes in blood flow and blood oxygenation 

in the brain. The primary unit of measure is the blood-oxygen level dependent (BOLD) 

signal. The BOLD signal provides an indirect measure of neuronal activation. As neural 

activity in an area of the brain increases, the amount of blood flowing to that area 

increases. This increased blood flow is disproportionate to the amount of oxygen being 

metabolized. This results in higher concentrations of oxygenated blood and provides a 

stronger BOLD signal. As the BOLD signal is an indirect measure, one disadvantage of 

fMRI is that it not reflective of moment by moment activation.  

Unlike the online methods discussed above, offline studies focus on the final 

interpretation of sentences rather than moment-to-moment language processing. 

Sentence-picture matching (SPM) tasks are a commonly used method to investigate 

conscious metalinguistic sentence comprehension. In a SPM task, participants are 

presented with an auditory sentence (e.g., “the girl is pushing the boy”) and two images, 

one that accurately reflects the sentence meaning (e.g., a picture of a girl pushing boy) 

and the other, typically a foil that reverses the NPs (e.g., boy pushing girl). The 

participant is required to indicate which picture depicts the meaning of the presented 

sentence. Another variant is a truth-value judgment task, where a participant is 
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presented with a single picture while listening to a sentence, and has to decide if the 

picture does or does not accurately depict the sentence. Grammaticality judgment is 

another type of offline task. After being presented with a sentence, participants are asked 

to indicate if the sentence was or was not grammatical. These offline methods allow the 

listener to hear all components of the sentence and, in an untimed manner, reflect upon 

those sentences to make an overt decision about them. 

I move now to a discussion of psycholinguistic studies that draw on a variety of 

the methods just described. I organize these studies with respect to the properties of verbs 

previously reviewed: argument structure and unaccusativity. The goal of this section is to 

understand the effects of these properties on sentence processing and comprehension, in 

both unimpaired individuals and those with aphasia.  

4.3 Argument Structure: unimpaired listeners  

Recall that argument structure characterizes how many participants a verb 

requires for a sentence to be well-formed. Shapiro and colleagues (e.g., Shapiro, Zurif, 

and Grimshaw, 1987; Shapiro, Brookins, Gordon, and Nagel, 1991) conducted a series of 

CMI studies demonstrating that verb argument structure is immediately available upon 

hearing a verb in a sentence. Sentences were designed that included verbs that varied in 

their argument structure representations. Two groups of verbs allowed for only one 

argument structure configuration such as (1) and (4). Transitive verbs such as solve in (1) 

require two arguments and ditransitive verbs such as handed in (4) require three 

arguments.  

(1) Nancy solved the problem.  

(2) Reagan lent the money. 
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(3) Regan lent the money to the Contras. 

(4) Parish handed the teeth to Lambier.  

Although these verbs differ in the number of arguments they require, they are similar in 

that they only allow for one argument structure configuration. A set of optionally 

ditransitive verbs were also included such as lent in (2) and (3). These types of verbs 

allow for two different argument structure configurations, one that requires two 

arguments (2) and one that requires three arguments (3). Sentences were presented 

aurally, and lexical decision probes were presented at the offset of the verb, while the 

sentence continued. Participants were required to listen to the sentence and make the 

lexical decision when the probe appeared. The idea here is that the more argument 

structure configurations, the greater the local processing load, and thus longer reaction 

times should be observed relative to verbs that had fewer configurations. Longer reaction 

times for the lexical decision task were found at the offset of the verb for sentences with 

optionally ditransitive verbs compared to sentences with transitive and ditransitive verbs. 

These results suggest that listeners activate all possible argument structure configurations 

for a verb upon encountering it during auditory sentence comprehension, setting up 

further operations of the parser.  

The ‘processing reality’ of argument structure has also been demonstrated with 

studies measuring neural activity. The role of argument structure during sentence 

processing has also been evaluated using an ERP and CMI paradigm (Rubin, Newhoff, 

Peach, and Shapiro, 1996). Similar to Shapiro and colleagues, Rubin et al. (1996) 

presented sentences that contained transitive verbs, ditransitive verbs, or optionally 

ditranstive verbs. Again, transitive verbs and ditransitive verbs allow for only one 
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argument structure possibility (two and three arguments respectively). In contrast, 

optionally ditransitive verbs allow for two different argument structure possibilities 

(either two or three arguments) and as such are argued to be more complex. Within ERP 

studies, the degree to which the resources required for a primary task and a secondary 

task overlap are understood to impact the amplitude of the P300 signal such that as the 

complexity of the primary task increases the P300 amplitude increases (Wickens, 

Kramer, Vanasse, and Donchin, 1983). In the current case, where the primary task was 

listening to sentences and the secondary task was a lexical decision, the cognitive 

resources overlap. The results of the study found greater P300 amplitudes for the high 

complexity condition (optionally ditransitive verbs) compared to the low complexity 

condition (transitive and ditransitive verbs). These results provide electrophysiological 

evidence that verbs that allow for multiple argument structure configurations require 

greater processing, indicating that listeners immediately activate all of a verb’s possible 

argument structure possibilities during sentence comprehension.  

Together the findings from the above studies demonstrate that all the possible 

argument structures of a given verb are immediately activated by listeners upon hearing a 

verb in a sentence. In contrast, Ahrens and Swinney (1995) conducted a CMI task and 

found that the number of arguments a verb requires resulted in an increase in processing 

demands during auditory sentence comprehension. Faster reaction times at the offset of 

the verb were found for verbs that required fewer arguments (two arguments) than for 

verbs that required a greater number of arguments (three arguments). Unlike the Shapiro 

et al. studies, these results suggest that the number of arguments a verb requires is also 

made immediately available to a listener upon encountering a verb in a sentence. One 
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possibility for the differences observed in these studies is that verb categorization differed 

across the studies. For example, Ahrens and Swinney (1995) accepted dialectical and 

idiolectical usage of verbs (e.g. I donated the library some books) while Shapiro and 

colleagues employed stricter criteria.  

Evidence for an increase in neural activity in specific regions of the brain have 

also been found when sentences contain more arguments relative to fewer arguments. 

Ben-Shachar, Hendler, Kahn, Ben-Bashat, and Grodzinsky (2003) found increased 

activation in the left superior temporal sulcus (STS), Brodmann areas (BA) 22/39 as the 

number of arguments a verb required in sentences increased during an fMRI study. The 

left STS has also been associated with auditory language processing (e.g. Ahmad, 

Balsamo, Sachs, Xu, and, Gaillard, 2003). Similar patterns of graded activation for the 

number of arguments a verb requires has also been found in areas of the brain not 

associated with language processing. Shetreet, Palti, Friedmann, and Hadar (2007) found 

graded activation as the number of verb arguments increased in the right anterior 

cingulate and precuneus during sentence processing. 

Another line of research has investigated the semantic relationship between verb 

meaning and argument structure during sentence processing.  In a classic VWP study, 

Altmann and Kamide (1999) compared eye gazes to objects while hearing sentences such 

as (5) and (6) with a group of college-aged adults.  

(5) The boy will eat the cake.  

(6) The boy will move the cake.   

The visual display consisted of a scene which depicted five items (e.g. a boy, a cake, a 

ball, a toy car, and a toy train set). All of the items in the display were moveable, but only 
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one of the items was edible (cake). Subjects exhibited significantly greater gazes to the 

cake than to the other objects in the scene while hearing The boy will eat the cake. The 

time course of gazes revealed that the increase in gazes to the cake were anticipatory: 

they were observed at verb-offset, prior to hearing the word cake. In the move condition, 

no significant difference in gazes to objects was found. These results demonstrate that the 

meaning of verbs is used to anticipate potential noun phrases during sentence processing, 

at least as measured by a visual world task, and provide an example of how semantic verb 

properties impact online sentence processing.  

 Finally here, though some verbs require multiple argument structure possibilities 

as discussed above, there is evidence that some of these possibilities are preferred over 

others during sentence processing, and these preferences predict upcoming material in the 

sentence (e.g., for a seminal study, see Fodor, Garret, & Bever, 1968; see also Shapiro, 

Nagel, & Levine, 1993; Trueswell, Tanenhaus, & Kello, 1993). It is clear then that verbs 

and their properties play a privileged role during sentence processing. 

4.4 Argument Structure: Broca’s Aphasia  

 In a study that is likely the first to examine the role of argument structure during 

sentence processing in aphasia, Shapiro and Levine (1990) investigated argument 

structure processing in individuals with either Broca’s or Wernicke’s aphasia using a 

cross-modal interference task. Canonical word order sentences containing verbs that 

allowed for one argument structure (transitive with two arguments, ditransitive with three 

arguments) or multiple argument structure possibilities (optionally ditransitive, two or 

three arguments) were presented aurally. Participants were required to make a lexical 

decision at the offset of the verb, while the sentence continued unimpeded. Participants 



 

 
 
 

34 

with Wernicke’s aphasia exhibited no difference in reaction times across conditions. 

However, similar to neurologically unimpaired listeners, the participants with Broca’s 

aphasia exhibited longer reaction times during sentences that contained verbs with more 

than one possible argument structure than for those that allow for only one argument 

structure.  

 These findings suggest that listeners with Broca’s aphasia are normally sensitive 

to the argument-taking properties of verbs, while those with Wernicke’s aphasia are not. 

Note that the sentence structures used in this study conformed to canonical word order, 

which do not pose difficulty for individuals with Broca’s aphasia. A follow-up study by 

Shapiro, Gordon, Hack and Killackey (1993) investigated sensitivity to verb argument 

structure in individuals with Broca’s and Wernicke’s aphasia in sentences with non-

canonical word order. Again, similar to neurologically unimpaired listeners, the 

participants with Broca’s aphasia evinced longer reaction times at the offset of verbs that 

allowed for more than one argument structure than for verbs that only allowed one 

argument structure. Again, individuals with Wernicke’s aphasia did not show such 

sensitivity to argument structure. These findings suggest that verb argument structure is 

immediately accessed by listeners with Broca’s aphasia, even for sentence constructions 

where comprehension is impaired. The results from both of the above studies also suggest 

that areas of the brain typically impacted with a Wernicke’s type aphasia may play a role 

in the processing of verb argument structure during auditory sentence comprehension.  

 Although behaviorally listeners with Broca’s aphasia demonstrate sensitivity to 

verb argument structure similar to neurologically unimpaired listeners, differences in 

neural activity have been observed (Kielar, Meltzer-Assher, & Thomspon, 2012). The 
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role of argument structure during sentence processing was investigated with an ERP 

study with individuals with Broca’s aphasia and two groups of neurologically unimpaired 

individuals (young college-aged and age-matched). Participants were aurally presented 

with sentences that contained an argument structure violation such as (7).  

(7) Anne sneezed the doctor and the nurse.  

The verb sneeze is an intransitive verb and only accepts one argument. Sentences that 

contained transitive verbs that require two arguments were included as a control 

condition (e.g. Anne visited the doctor and the nurse). Participants were required to make 

grammaticality judgments about the sentences after hearing them. During sentences that 

violated verb argument structure negative shifts in polarity were present for both groups 

of neurologically unimpaired individuals. The negative shift occurred during the 

determiner (the) for the younger neurologically unimpaired group and during the noun 

(nurse) for the older neurologically unimpaired group. The pattern of neural activity 

observed for the participants with Broca’s aphasia differed from both neurologically 

unimpaired groups. Positive shifts were present during the determiner of the argument 

structure violation. In addition to the electrophysiological differences, the participants 

with Broca’s aphasia exhibited poorer accuracy than the neurologically unimpaired 

participants for the grammaticality judgment task. 

 These findings demonstrate that listeners with Broca’s aphasia are processing 

verb argument structure differently than neurologically unimpaired individuals as 

different polarities were observed for ERP components during sentences that violated 

verb argument structure. Due to the differences in neural activity and poorer accuracy, 

the authors argue that listeners with Broca’s aphasia are not sensitive to verb argument 
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structure. However, given that listeners with Broca’s aphasia have experienced neural 

trauma it is not surprising that their neural activity may differ from neurologically 

unimpaired listeners. Moreover, while accuracy at detecting grammatically may have 

been poorer compared to neurologically unimpaired participants in this study, other 

grammaticality judgment studies have demonstrated that listeners with Broca’s aphasia 

are sensitive to verb argument structure. Kim and Thompson (2000; 2004) evaluated the 

ability of listeners with Broca’s to detect ungrammaticalities in sentences that contained 

verbs with varying argument structures. Verbs that obligatorily selected for one, two, or 

three arguments were included. Ungrammaticalities were created with either the addition 

of an argument, the omission of one or more arguments. They found greater than 90% 

mean accuracy in both studies.  

 The semantic constraint of verb argument structure has also been the focus of an 

investigation in listeners with Broca’s aphasia. Mack, Ji, and, Thompson (2013) 

investigated the relationship between verb meaning and argument structure in a group of 

individuals with Broca’s aphasia and group of neurologically unimpaired age-matched 

adults using a VWP. Participants heard sentences such as (8) and (9) while viewing a four 

picture grid (e.g. jar, plate, pencil, stick). 

(8) Tomorrow Susan will open the jar. 

(9) Tomorrow Susan will break the jar. 

Note that only one of the items can be opened (the jar), but all of the items can be broken. 

Participants with Broca’s aphasia exhibited a gaze pattern similar to the age-matched 

controls. Within 500ms of the offset of the verb significantly more gazes to the jar were 

observed in the open condition than in the break condition.  
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 Recall that in a similar study Altmann and Kamide (1999) demonstrated that 

younger listeners are able to make use of verb meaning earlier as they exhibited 

anticipatory gazes in the open condition. Here, gazes to the argument of the verb in the 

open condition are not observed until after the verb has been heard. These results 

demonstrate that with age the ability to make use of verb meaning to anticipate an 

upcoming argument may be delayed compared to younger listeners. Of importance, 

listeners with Broca’s aphasia exhibit a similar time-course of verb meaning activation as 

older neurologically unimpaired listeners.  

 Together these findings suggest that listeners with Broca’s aphasia are sensitive to 

both syntactic and semantic properties of verb argument structure. Differences in 

electrophysiological data have been observed compared to neurologically unimpaired 

individuals. However, offline and online behavioral measures have demonstrated that 

individuals with Broca’s aphasia evince similar verb argument structure processing 

during auditory sentence comprehension to neurologically unimpaired individuals.  

Unaccusativity: unimpaired listeners 

Recall that according to the Unaccusativity Hypothesis (Burzio, 1986; Perlmutter, 

1978; Perlmutter & Postal, 1984) unaccusative verbs differ from other intransitive verbs 

syntactically and semantically. The single argument of unaccusative verbs is base-

generated in the direct object position and displaced to the grammatical subject position 

leaving behind a copy or trace (linguistic terminology), or gap (psycholinguistic 

terminology). The single argument of unaccusative verbs is also assigned the thematic 

role of Theme or Patient, thematic roles typically associated with arguments in the 

grammatical direct object position.  As a result, some studies have taken the unique 
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properties of unaccusatives as their focus. Friedmann, Taranto, Shapiro, and Swinney 

(2008) conducted a cross-modal priming study to determine if there were online 

processing differences between sentences containing unergative and unaccusative verbs. 

Sentences that contained unergative verbs such as (10) and sentences that contained 

unaccusative verbs such as (11) were aurally presented to young college-aged adults. 

(10) The surgeon1 with a brown felt fedora hat and matching coat eagerly 

smiled2 when the beautiful3 actress walked down the corridor to exam 

room three. 

(11) The tailor1 from East Orange, New Jersey, mysteriously disappeared 

<the tailor>2 when it was3 time to adjust the tuxedos and dresses for the 

participants in the wedding party. 

Probes were presented at the offset of the single argument, at the offset of the intransitive 

verb, and 750ms post offset of the verb (indicated by superscript numerals above). For 

both sentences types, activation of the single argument was found at the offset of the 

single argument. However, only in the sentences that contained unaccusative verbs was 

reactivation of the argument found at a post verb position, 750ms after verb offset. These 

results support the Unaccusativity Hypothesis, as only in sentences that contained 

unaccusative verbs was lexical reactivation of the single argument evinced near the ‘gap’ 

position.   

Further support for the Unaccusativity Hypothesis has been provided by fMRI 

evidence. Shetreet, Friedmann, and Hadar (2010) found activation in areas of the brain 

unique to sentences that contained unaccusative verbs compared to sentences that 

contained unergative verbs and sentences that contained transitive verbs. Activation in 
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the left IFG (BA45/46/47), left posterior medial temporal gyrus (BA21), left STG, and 

cerebellum was found during sentences that contained unaccusative verbs compared to 

sentences that contain unergative verbs. Two of these areas also distinguished sentences 

containing unaccusative verbs from those with transitive verbs or unergative verbs, the 

left IFG (BA45/46) and the left posterior medial temporal gyrus (MTG) (BA21). 

BA45/46 has been associated with syntactic processing (Kang, Constable, Gore, & 

Avrutin, 1999; Caplan, Alpert, & Waters, 1999) and lexical-semantic processing (Suzuki 

& Sakai, 2003; Homae, Hashimoto, Nakajima, Miyashita, & Sakai, 2002). The left MTG 

has been associated with semantic processing (e.g. McDermott, Petersen, Watson, & 

Ojemann, 2003).   

Unaccusativity: Broca’s Aphasia 

 The online processing of unaccusative verbs in sentences in individuals with 

Broca’s aphasia has been another line of research explored. One study, Burkhardt, 

Piñango, and Wong (2003) used CMP to investigate the lexical reactivation of the single 

argument of sentences that contained unaccusative verbs with individuals with aphasia 

and neurologically unimpaired adults. Lexical reactivation was probed during sentences 

that contained either an unaccusative verb or unergative verb using cross-modal priming. 

The neurologically unimpaired adults evinced priming 650ms post verb-offset for the 

sentences that contained unaccusative verbs. The participants with Broca’s aphasia 

exhibited a later time-course and exhibited priming 800ms post verb-offset. These results 

provide evidence that listener with Broca’s aphasia are sensitive to the unaccusative 

property, and exhibit a similar time-course of lexical reactivation as neurologically 

unimpaired listeners. Recall that Friedmann et al. (2008) found a 750ms delay in lexical 
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reactivation of the single argument of non-alternating unaccusative verbs. The 

unaccusative verbs used in the current study included the alternating type. Friedmann et 

al. (2008) also included sentences that contain alternating unaccusative verbs, and found 

variable results with this alternation of unaccusative verbs. Moreover, the difference 

between the two time points is 150 ms, approximately a syllable in the auditory stream 

therefore these results suggest that individuals with Broca’s aphasia are processing 

unaccusative verbs similar to neurologically unimpaired individuals.  

 Another CMP study also investigated the lexical reactivation of the single 

argument of unaccusative verbs in sentences (Peristeri, Tsimpli, and Tsapkini, 2013). 

Lexical reactivation of the single argument was found at the gap. Unfortunately, there are 

some issues with the employment of the cross-modal priming methodology in this study. 

The auditory sentence was interrupted while the lexical decision was made and the 

visually presented probes remained on the screen indefinitely. As the participants were 

able to focus on the lexical decision these results are not reflective of real-time language 

processing. Given the methodological issues it is difficult to argue that the results support 

the immediate reactivation of the single argument of unaccusative verbs during sentence 

processing in individuals with Broca’s aphasia.   

 The offline comprehension of unaccusative verbs in sentences has also been the 

focus of studies exploring the sentence comprehension abilities of listeners with Broca’s 

aphasia. Lee and Thompson (2004) conducted a truth value-judgment study to investigate 

the comprehension of sentences that contain alternating and non-alternating unaccusative 

verbs in individuals with Broca’s aphasia and found 95% accuracy. McAlister, Bachrach, 

Waters, Michaud and Caplan (2009) used a sentence-picture matching task and used 
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alternating unaccusative verbs in transitive (e.g., “The dog is rolling the ball”) and 

intransitive (e.g., “The dog is rolling”) constructions. The image of the opposite 

alternation of the verb served as the foil (e.g. transitive alternation served as foil for the 

intransitive alternation). They found 86% correct for the intransitive constructions and 

99% correct for the transitive constructions.  

A study by Piñango (2000) tested two individuals with Broca’s aphasia on a 

sentence-picture matching task using alternating and non-alternating unaccusatives (e.g., 

The girl fell because of the boy). Both participants exhibited 93% correct comprehension 

of sentences containing non-alternating unaccusatives and above chance (100% correct 

and 80% correct) comprehension of sentences containing alternating unaccusatives. Most 

of the studies of the comprehension of sentences that contain unaccusative verbs in 

Broca’s have focused on the alternating type of unaccusative verbs. Across these studies, 

the patterns of comprehension suggest that individuals with Broca’s aphasia have do not 

difficulty processing sentences containing unaccusative verbs online or offline.  

In summary, psycholinguistic studies have provided evidence that the lexical 

properties of verbs are acknowledged by listeners when verbs are first encountered during 

sentence processing, and play a central role in comprehension. fMRI studies following 

this line of inquiry have demonstrated that regions of the brain found to be involved in 

language processing are also involved with verb processing during sentence 

comprehension (argument structure, left STS; subcategorization, left STG and left IFG; 

unaccusativity, left IFG). Finally here, individuals with Broca’s aphasia appear to be 

normally sensitive to unaccusativity, setting the stage for using unaccusative verbs as a 
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test case for the Intervener Hypothesis. I now move to Chapter 5, where I describe some 

of the extant theoretical accounts of sentence processing in aphasia. 
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CHAPTER 5: 

 

Accounts of Sentence Processing in Aphasia 
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5.1 Introduction  

 

As a reminder, individuals with Broca’s aphasia do not have difficulty 

comprehending sentences that follow canonical word order (1), however difficulty arises 

for some non-canonical sentences (2).  

(1) The man hugged the woman with red hair. 

                   subject  verb   object 

(2) The woman that the man hugged <the woman> had red hair.  

                                     object          subject   verb    

Also recall that in (2), a non-canonical object-extracted relative clause, the direct object 

NP has been displaced from a post verb position to the beginning of the sentence. This 

displacement leaves behind a trace (or gap) in the direct object position from which the 

NP (the woman) has been displaced as depicted in (2). In order to successfully 

comprehend a sentence that contains a filler-gap syntactic dependency, processing the 

link between the gap or trace and its antecedent is required.  

 There are several accounts that attempt to explain the sentence processing deficits 

that are a hallmark of Broca’s aphasia. The focus of these accounts differs, with some 

focusing at the grammatical level, others at the lexical level, and others still on the role of 

cognitive resources.  Grammar-oriented accounts posit that grammatical representations 

or processing are responsible for patterns of comprehension observed in Broca’s aphasia. 

Lexical accounts argue that lexical processing difficulties underlie the comprehension 

deficits. Cognitive resource based accounts posit that reduced resources for cognitive 

processes involved in language processing underlie the sentence comprehension deficits. 
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5.2 Grammar Oriented Accounts  

 The Trace Deletion Hypothesis (TDH; Grodzinsky, 1986, 1995, 2000) claims that 

listeners with Broca’s aphasia are unable to represent traces and therefore cannot 

successfully comprehend non-canonical sentences. For example, according to the TDH, 

when a listener with Broca’s aphasia encounters a sentence such as (3) they are unable to 

link the displaced object NP, the girl to the trace or gap that its displacement left behind 

in the object position. 

(3) The girl that the boy kissed <the girl> has red hair.  

As they are unable to link the trace or gap to the displaced NP, they are unable to assign a 

thematic role to the displaced argument. It is proposed that listeners with Broca’s aphasia 

employ an agent first strategy and assign the first encountered NP (the girl) the thematic 

role of agent. Consequently, two arguments are assigned the thematic role of agent and 

the listener with aphasia must then guess who is doing what to whom.  

 The Slow Syntax Hypothesis (Burkhardt, Avrutin, Piñango & Ruigendijk, 2008; 

Burkhardt, Piñango & Wong, 2003; Piñango, 2000) proposes that syntax is fully intact in 

individuals with Broca’s aphasia, but there is delay in syntactic operations, more 

specifically the Merge operation. Recall that Merge is how constituents are combined to 

form the hierarchical structure of phrases. As syntactic processes are delayed, thematic 

role assignment relies on semantics. In instances of sentences that contain syntactic 

dependencies, this results in a conflict between thematic role assignment derived from 

semantics and syntax, once it is realized. According to this account, it is this mismatch 

between thematic role assignments that results in the comprehension deficits observed in 

Broca’s aphasia.  
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5.3 Lexical Accounts 

 The Delayed Lexical Activation (DLA) hypothesis suggests that the 

comprehension deficits exhibited in individuals with Broca’s aphasia are due to a delay in 

lexical activation during sentence processing. The delay in lexical activation results in a 

desynchronization of lexical access and syntactic processing routines, resulting in 

comprehension deficits. Results supporting this account stem from findings that 

demonstrate delayed lexical activation and reactivation of lexical items. For example, in a 

cross-modal priming study, Love, Swinney, Walenski, & Zurif (2008) investigated the 

time course of lexical activation and reactivation in object-relative sentence constructions 

such as (4). 

(4) The audience liked the wrestler1 that the2 parish priest condemned <the 

wrestler>3 for 4foul 5language. 

 

Recall that object-relatives contain a filler-gap syntactic dependency. The neurologically 

unimpaired group immediately activated the displaced argument NP the wrestler, and 

immediate re-activation upon encountering the gap (PP3). Unlike the immediate 

reactivation found with the unimpaired group, individuals with Broca's aphasia did not 

evince lexical activation of the wrestler until 300ms (PP2) downstream from the lexical 

item of interest in the unfolding sentence, and re-activation was not observed until 500ms 

downstream from the gap. This delay in lexical activation is not the result of sentence 

complexity as delayed lexical activation has also been demonstrated in canonical word 

order sentences (Ferrill, Love, Walenski & Shapiro, 2012). These results suggest that a 

delay in lexical activation disrupts the synchronization of lexical activation and syntax 
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such that lexical items are fed too slowly into syntactic operations resulting in 

comprehension difficulties.    

 Also focusing on lexical activation, Thompson and colleagues (Thompson & 

Choy, 2009; Choy, 2011; Mack, Ji and Thompson, 2013) suggest that non-canonical 

sentence comprehension deficits arise due to difficulty with the integration of lexical 

items during sentence processing. This idea is supported by visual world paradigm 

studies which have demonstrated delayed lexical activation, but immediate reactivation 

of displaced arguments at the gap in sentences that contain syntactic dependencies (Choy, 

2011; Dickey, Choy and Thompson, 2007; Dickey and Thompson, 2009).  

5.4 Cognitive Resource Accounts  

 Caplan and colleagues argue that components of working memory specific to 

syntactic processing are reduced resulting in sentence comprehension deficits (Caplan, 

Waters, DeDe, Michaud, & Reddy, 2007). Another cognitive resource account claims 

that a reduction in more general working memory resources are reduced and this 

reduction underlies sentence comprehension deficits (Haarmann, Just, & Carpenter, 

1997).   

 I have thus briefly reviewed the deficit in comprehension following Broca’s 

aphasia. Not surprisingly perhaps, given the well-known heterogeneity of aphasia, no 

single account has been embraced by investigators. For example, the TDH has been 

criticized for its limited scope and its syntactico-centric focus. The slow-syntax approach 

is too powerful (e.g., if the basic Merge operation is compromised, how then do 

participants with Broca’s aphasia understand canonical word-order sentences?). 

Cognitive resource accounts have been criticized for their reliance on vague notions of 
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“resources.” The DLA account has some difficulty explaining why some sentence 

constructions are more easily understood than others, and the Lexical Integration account, 

in its details, is not distinct from the DLA.     

Now that I have briefly described some of the important accounts of the sentence 

comprehension deficit observed in Broca’s aphasia, I offer an alternative that is the focus 

of this dissertation, the Intervener Hypothesis.  
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6.1 Introduction 

Revealing the underlying comprehension deficit requires examining the 

processing of different sentence types, those that meet a particular structural description 

relevant to specific hypotheses. As I have discussed, in the simplest case constructions 

have been characterized as having canonical word order in the language of interest (in 

English, Subject-Verb-Object; SVO). Examples include the subject-extracted Wh-

question, “Which fireman pushed the mailman?” and the subject-extracted relative 

clause, “The mouse who scratched the rabbit ran under the house.” In the more complex 

case, sentences have been characterized as having non-canonical word order, as in, for 

example, Object-Subject-Verb (OSV) word order in English. Relevant examples include 

the object-extracted Which-question, “Which mailman did the fireman push,” and the 

object-extracted relative, “The rabbit who the mouse scratched ran under the house.” 

Evidence from aphasia has long claimed that this canonicity property of sentences is 

revealed in final comprehension performance; individuals with Broca’s aphasia who have 

a comprehension disorder perform poorly on non-canonical relative to canonical 

structures (Caramazza & Zurif, 1976; Schwartz, Linebarger, Saffran, & Pate, 1987; 

Grodzinsky, 1990; Love & Oster, 2002). Thus, it appears that subject-extracted sentences 

that conform to canonical word order are easier to understand than object-extracted 

versions (the so-called Subject-Object asymmetry). I will show below that this simple 

explanation is not supported by recent data on aphasia.  

The Intervener Hypothesis (IH) suggests that difficulty during sentence 

processing in aphasia occurs when the displacement of an argument yields a syntactic 

dependency. The difficulty with this sentence structure occurs when an NP is positioned 



 

 
 
 

56 

between the displaced NP and its base-generated position (i.e., filler-gap dependency). 

The intervening NP interrupts the formation of the dependency chain, causing confusion 

as to the elements (and their thematic roles) that contribute to the dependency. 

Furthermore, and critical to the IH, difficulty arises when the displaced NP crosses over 

another NP that is similarly structured. For example, in (1) the argument NP the girl is 

displaced from the direct object position leaving behind a gap. 

(1) The girl that the boy kicked <the girl> had red hair.  

 The NP (the girl), when displaced, crosses an intervening argument NP the boy (in bold 

above) in the grammatical subject position. Both the displaced argument and the 

intervening argument, or intervener, are fully realized lexical NPs. The structural 

similarity (Determiner, Noun) causes similarity-based interference resulting in a 

processing disadvantage for sentences that contain an intervener. This hypothesis has also 

been suggested in previous investigations of the comprehension deficits in agrammatic 

Broca’s aphasia (Friedmann, 2008; Friedmann & Gvion, 2012; Friedmann & Shapiro, 

2003). The possibility of interference effects in language processing has been examined 

in neurologically unimpaired individuals and relevant findings are reviewed below. 

While much of this work has been conducted in an attempt to better understand working 

memory and its role in language processing, it has the potential to refine the processing 

deficit accounts of aphasia. 

6.2 Similarity-based Interference During Unimpaired Sentence Processing 

 To determine if language processing is susceptible to similarity-based 

interference, Gordon, Hendrick, and Levine (2002) had participants remember a set of 
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three words (a memory load) while performing a self-paced reading task.  The sentences 

were subject clefts (2) and object-clefts (3; gap added).  

(2) It was the dancer that liked the fireman before the argument began. 

 

(3) It was Tony that Joey liked ___ before the argument began.  

The NPs in the sentences were either descriptions as in (2) or proper names as in (3).  The 

memory load was either descriptions as in (4) or proper names as in (5).  

(4) poet- cartoonist- voter  

(5) Joel-Greg-Andy  

In one condition the memory load matched the NPs in the sentence (e.g., 2 and 4) and in 

another condition the memory load and the sentence NPs mismatched (e.g., 2 and 5).  

The results revealed that when the memory load matched the NP type in the sentence it 

resulted in lower comprehension; the comprehension of object-clefts was poorer than the 

comprehension of subject clefts and the difference in the matched and non-matched 

condition was greater for object-clefts. These findings provide evidence that sentence 

processing is susceptible to similarity-based interference, at least when a self-paced 

reading task is used.   

 In other studies, Gordon, Hendrick & Johnson (2001; 2004) manipulated the 

features of NPs to determine if semantically distinguishing the NPs would impact 

similarity-based interference during sentence processing. During reading tasks, object-

extracted sentences typically result in longer reading times than subject-extracted 

sentences - this is referred to as subject-object asymmetry. Gordon et al. (2001;2004) 

used an eye tracking-while-reading task using subject-extracted (6) and object-extracted 

sentences (7). In some conditions, the NPs included in the sentences were semantically 
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similar (e.g. the banker, the barber) and in other conditions the NPs were semantically 

different (e.g. the banker, everyone).   

(6) The banker that praised [the barber / a barber / Joe / you / everyone] 

climbed the mountain. 

(7) The banker that [the barber / a barber / Joe / you / everyone] praised 

climbed the mountain. 

A reduction in subject-object asymmetry was found when the NPs were different relative 

to when they were semantically (and syntactically) similar. This work provides evidence 

that the semantics of the NPs plays a role in similarity-based interference during sentence 

processing. However, I note that the syntax of the NPs was different as well. For 

example, the fully realized NPs could be determinate (the) or indeterminate (a); proper 

names with a bare NP (Joe), or pronouns (everyone).  

 Other studies following this line of investigation have explored the phase of 

working memory that is susceptible to similarity-based interference: encoding, storage or 

retrieval (Van Dyke and Lewis, 2003; Van Dyke and McElree, 2006). Van Dyke and 

McElree (2006) conducted a self-paced reading task with object-cleft sentence 

constructions and a memory load. In one condition the memory load contained nouns that 

were plausible objects of the verb (8) and in the other condition the memory load 

contained nouns that were implausible objects of the verb (9).  

(8) It was the boat that the guy who lived by the sea fixed ___ in two 

sunny days.  

                    Plausible Memory load: table, sink, truck 
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(9) It was the boat that the guy who lived by the sea sailed ___ in two 

sunny days. 

Implausible Memory load:  table, sink, truck 

No difference in reading times in the plausible load condition compared to the 

implausible load condition were found except in the region of the verb, where reading 

times were greater for the plausible condition compared to the implausible condition. 

Furthermore, comprehension accuracy was poorer for the plausible memory load 

conditions compared to the implausible conditions. These results indicate that the 

retrieval phase of working memory is susceptible as increased reading times were 

observed in the region of the verb, the point at which the displaced NP is reactivated or 

retrieved (at the gap).   

Though there have been several other attempts to investigate similarity-based 

interference in neurologically intact participants, the studies briefly reviewed above are 

good examples from the psycholinguistic literature. To briefly summarize here, there is 

evidence that sentence processing is susceptible to similarity-based interference for 

neurologically unimpaired individuals. Reducing the semantic (and syntactic) overlap of 

NPs included in sentences reduces observed similarity-based interference. Finally, the 

retrieval phase of working memory appears to be impacted by similarity-based 

interference as differences are observed at retrieval sites (gaps) during sentence 

processing. I now move to a review of the aphasia literature that has investigated the 

impact of similarity-based interference on sentence processing in IWBA in an effort to 

determine the explanatory power of the Intervener Hypothesis. 
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6.3 Support for the Intervener Hypothesis in Aphasia 

In one of the first investigations of its kind, Sheppard, Walenski, Love, & Shapiro 

(2015) used a visual world eye tracking-while-listening method to examine how 

interveners affect sentence processing in Broca’s aphasia. Four types of Wh-questions 

were tested and presented aurally: subject-extracted who- (10), object-extracted who- 

(11), subject-extracted which- (12), and object-extracted which-questions(13):  

(10) Who pushed the fireman yesterday afternoon? 

(11) Who did the fireman push <who> yesterday afternoon? 

(12) Which mailman pushed the fireman yesterday afternoon?  

(13) Which mailman did the fireman push <which mailman> yesterday  

 afternoon? 

 

Both (11) and (13) contain a displaced object NP and thus form a filler-gap syntactic 

dependency. In both (11) and (13) the linking of the filler and its gap require the crossing 

of an intervening argument (or intervener; indicated in bold). However, only in (13), the 

object-extracted which-question, are the filler and intervener structurally similar 

(Determiner, Noun). In the object-extracted who-question, the arguments are not 

structurally similar, as one of the arguments is a bare Wh-word (who) and the other is 

Determiner-Noun. Results revealed that for the object-extracted which-questions, chance 

accuracy and significantly more gazes to the incorrect versus the correct referent was 

found. For all other question types, including the object-extracted who-questions, 

comprehension was above chance and there were significantly more gazes to the correct 

referent. These findings suggest that canonicity of the sentences is not the issue for these 

participants. Instead, individuals with Broca’s aphasia are more susceptible to similarity-
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based interference as structurally similar noun phrases negatively impact the 

comprehension of sentences in which an argument is displaced over another argument.  

 More recently, support for the Intervener Hypothesis has also been demonstrated 

with an overt syntactic dependency found in anaphora (Engel, Shapiro, & Love, 

submitted). Anaphora refers to a referential dependency where a link between a reflexive 

pronoun such as herself or a personal pronoun such as her and another sentence element 

(the antecedent) must be made in order for the sentence to be successfully comprehended.  

In an eye tracking-while-listening study, Engel et al. (submitted) embedded 

reflexives and pronouns in complement phrase (CP) sentences ((14) and (15)) and in 

subject-relative sentences ((16) and (17)):   

(14) The grandma said that the baker cleaned her.  

(15) The grandma said that the baker cleaned herself.  

(16) The baker that helped the grandma cleaned her.  

(17) The baker that helped the grandma cleaned herself.  

Under the typical Binding constraints (Chomsky, 1981), reflexives must refer to a 

sentence element in the same, or local, clause, and pronouns must not refer to a sentence 

element within a local clause.  In (14), the personal pronoun gets its reference from the 

long-distance NP (both underlined). In (15), the reflexive pronoun gets its reference from 

the local NP. However, using subject-relatives turns this constraint on its head. In (16), 

the personal pronoun gets its reference from the close NP, while in (17) the reflexive gets 

its reference from the long-distance NP.  

This manipulation allowed for refining the criteria of an intervener as it compared 

temporal (linear) distance to structural distance. Consider the following structures:  
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As shown in Figure 6-1 (a diagram from Engel et al., submitted), in the complement 

phrase condition (6-1A), the reflexive (herself) and its antecedent (the baker) are both in 

the same clause and as such do not differ in structural distance. They are also close 

linearly.  However, the pronoun (her) and its antecedent (the grandma) are in different 

clauses and are therefore structurally distant from one another. They are also linearly 

distant. In the subject relative condition (6-1B), the reflexive (herself) and its antecedent 

(the baker) are linearly distant, but do not differ in level of embeddedness and therefore 

are not structurally distant from one another. The pronoun (her) and its antecedent (the 

grandma) are linearly close, but are structurally distant as the antecedent is more deeply 

embedded than the pronoun. Of importance, both the pronouns and reflexives have a 

condition that contains a linear intervener. However, only the pronouns contain a 

structural intervener in both conditions. 

Figure 6-1. Diagram of syntactic structure of sentences included in Engel et 

al., submitted 
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Results indicated that more gazes to the correct referent and better comprehension 

accuracy was found for the reflexive conditions compared to the pronoun conditions, 

regardless of the linear distance between the pronouns and antecedents. Given that 

personal pronouns are always structurally distant from their antecedents, the results 

provide support for the Intervener Hypothesis, and refines the hypothesis such that an 

Intervener is defined structurally and not linearly.   

 To date, support for the Intervener Hypothesis has been demonstrated with two 

different types of syntactic relationships, covert filler-gap syntactic dependencies found 

in Wh-questions, and overt anaphor-antecedent dependencies (see also Friedmann, 2008, 

for evidence from relative clauses in Hebrew). As discussed previously, this dissertation 

focuses on testing the Intervener Hypothesis with another type of syntactic dependency, 

one inherent to unaccusative verbs. As a first step, I explore the time course of lexical 

reactivation of sentences that contain unaccusative verbs in the following chapter.  
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CHAPTER 7: 

 

The Curious Case of Processing Unaccusative Verbs in Aphasia 
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Preface 

 

As established in Chapter 5, individuals with Broca’s aphasia exhibit a delayed 

time course of lexical activation and reactivation during online sentence processing 

compared to neurologically unimpaired individuals (Love, Swinney, Walenski, & Zurif, 

2008; Ferrill, Love, Walenski & Shapiro, 2012). Recall from Chapter 4, that 

neurologically unimpaired individuals exhibit delayed lexical reactivation of displaced 

NPs in sentences that contain unaccusative verbs (Friedmann, Taranto, Shapiro, and 

Swinney, 2008). The delay inherent to unaccusative verbs provide a unique opportunity 

to further investigate delayed lexical reactivation in individuals with Broca’s aphasia.  

Previous studies have focused on the online processing of unaccusative verbs in aphasia, 

but have included alternating unaccusative verbs which allow for a transitive alternation. 

Friedmann et al. (2008) found patterns similar to unergatives for the alternating type. 

Thus, the following study is limited to non-alternating verbs, and tested for reactivation at 

four time points, verb offset, 500 ms post verb offset, 750 ms post verb offset, and 1250 

ms post verb offset. The verb offset and 750 ms post verb offset time points were selected 

as they are the same time points used in Friedmann et al., 2008.  Prior reports of delayed 

lexical reactivation in individuals with Broca’s aphasia motivated the inclusion of the 500 

ms and 1250 ms post verb offset time points. The 500 ms time point is included as this is 

the time point where lexical reactivation has been found with other sentences that contain 

syntactic dependencies. The 1250 ms time point serves to test for the possibility that 

individuals with Brocas’s aphasia will demonstrate a delay beyond what was found with 

neurologically unimpaired individuals.  
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Chapter 7, in full, is a reprint of material as it appears in Sullivan, N., Walenski, 

M., Love, T., & Shapiro, L.P. (2017). The curious case of processing unaccusative verbs 

in aphasia, Aphasiology, Advance online publication. doi: 10.1080/02687038.2016.1274873. 

The dissertation author was the primary investigator and author of this paper. 
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Preface 

As established in previous chapters, individuals with Broca’s aphasia have 

difficulty comprehending sentences that do not follow canonical word order and contain a 

syntactic dependency. The Intervener Hypothesis suggests that the presence of an 

intervening structurally similar noun phrase between two elements of a syntactic 

dependency causes similarity-based interference and negatively impacts sentence 

comprehension. Support for the Intervener Hypothesis has been established with the 

covert syntactic dependency in Wh- questions (Sheppard, Walenski, Love, & Shapiro, 

2015), as well as the overt syntactic dependency found with anaphors (Engel, Shapiro, & 

Love, submitted). Chapter 7 established that individuals with Broca’s aphasia are 

sensitive to the unaccusative property during online sentence processing in a fashion 

similar to neurologically unimpaired individuals. That is, they exhibit reactivation of a 

displaced NP in sentences that contain unaccusative verbs at post verb position. This 

finding demonstrates that the syntactic dependency afforded by unaccusative verbs 

provide an ideal test case for the Intervener Hypothesis. In the following chapter, the 

Intervener Hypothesis is evaluated with the syntactic dependency afforded by 

unaccusative verbs by comparing final comprehension of sentences that contain an 

unaccusative verb and an intervener and sentences that contain an unaccusative verb and 

no intervener.   
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Chapter 8, in full, is a reprint of material as it appears in Sullivan, N., Walenski, 

M., Love, T., Shapiro, L.P. (2017). The comprehension of unaccusative verbs in aphasia: 

a test of the intervener hypothesis, Aphasiology, 31(1), 67-81. The dissertation author was 

the primary investigator and author of this paper. 
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Abstract 

  

 Individuals with agrammatic Broca’s aphasia (IWBA) typically exhibit difficulty 

comprehending sentences that do not conform to canonical (S-V-O for English) word 

order and contain a syntactic dependency. The Intervener Hypothesis (IH) offers a single 

explanation for the mechanism underlying these aberrant sentence comprehension 

patterns.  The IH posits that the presence of an intervening noun phrase between two 

syntactically linked sentential elements causes similarity-based interference (SBI), 

resulting in comprehension difficulties. Support for the IH has been demonstrated with 

different sentence structures (e.g., Wh-questions, overt anaphora) but has only been 

investigated in terms of structural similarity.  However, it is reasonable to predict that 

manipulating other factors, such as semantic properties, may allow for a reduction of 

similarity-based interference. 

The purpose of this paper is two-fold.  First, using eye-tracking while listening, 

we seek to determine the impact of a structurally similar intervener on real-time auditory 

sentence processing in sentences containing unaccusative verbs (compared to those 

containing unergatives). The second goal is to determine if manipulating the animacy of 

an intervener can reduce SBI. Results indicate that while aurally processing sentences 

that contain unaccusative verbs and an intervener of similar animacy, IWBA show a SBI 

effect, unlike age-matched control participants.  This effect is reduced when the 

intervener differs in animacy. These results provide support for the IH, and suggest that 

semantics impacts SBI during sentence processing for IWBA. Reactivation was also 

found in sentences that contained unergatives, and we suggest reactivation in this case is 

motivated by a different process, thematic role assignment. 
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Introduction 

Individuals with agrammatic Broca’s aphasia (IWBA) are classically 

characterized as exhibiting difficulty with expressive language. However, in addition to 

difficulty with language expression, IWBA often exhibit sentence comprehension 

deficits. While IWBA do not generally demonstrate difficulty comprehending sentences 

that are in canonical word order (Subject-Verb-Object for English) such as the subject-

extracted relative construction (1) below.  Complications arise for those sentences that 

are non-canonically formed, such as the object-extracted relative construction (2). 

(1) The dog that chased the cat last night was angry.  
   AGENT                    VERB        THEME  

        

(2) The cat that the dog chased <the cat> last night was angry.  
   THEME           AGENT        VERB     

 

According to linguistic theory, non-canonically ordered sentences as in (2) are derived 

from their canonical counterparts (Chomsky, 1981, 1995). To illustrate this derivation, 

consider how the verb chase assigns its thematic roles. In both (1) and (2) the verb chase 

requires two arguments, one to perform the action, assigned the thematic role of Agent, 

and one to receive the action, assigned the thematic role of Theme. In (1) the Agent role 

is assigned to the argument occupying the grammatical subject position, the dog. The 

Theme role is assigned to the argument occupying the grammatical object position, the 

cat. In (2), while the thematic roles of Agent and Theme are assigned to the same 

arguments, the dog and the cat respectively, the arguments occupy different grammatical 

(surface) positions. The cat has been displaced from an underlying post verb position, 

leaving behind a phonologically null syntactic marker (a “trace” in linguistic terminology 

or “gap” in psycholinguistic terminology). This displacement results in a syntactic 
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dependency between the displaced element, the cat (a.k.a. “filler”), and its post verb 

position (a.k.a. “gap”). The thematic role of Theme is first assigned to the gap and the 

argument, the cat, receives this thematic role via the ‘filler-gap’ syntactic dependency. 

Thus, in order to successfully comprehend non-canonical sentences such as (2), the 

listener must immediately realize the relationship between the filler and its gap.   

 Several accounts have attempted to explain the pattern of sentence comprehension 

deficits observed in IWBA and are briefly reviewed here. The Trace Deletion Hypothesis 

(Drai & Grodzinsky, 2006; Grodzinsky, 2006) argues that difficulties in sentence 

comprehension arise due to an inability to represent traces, which results in incorrect 

thematic role assignment. The Delayed Lexical Activation Hypothesis (Love, Swinney, 

Walenski, & Zurif, 2008; Ferrill, Love, Walenski, & Shapiro, 2012) posits that delayed 

lexical activation results in the desynchronization of lexical activation and syntactic 

processes which negatively impacts comprehension. Thompson and colleagues (Choy & 

Thompson, 2010; Thomson & Choy, 2009) offer that difficulty in lexical integration 

underlie sentence comprehension deficits. It has also been argued that slowed syntactic 

processing is responsible for the observed comprehension patterns (Burkhardt, Avrutin, 

Piñango, & Ruigendijk, 2008). Other accounts suggest that diminished processing 

resources in the domain of working memory are responsible for sentence comprehension 

difficulties (Caplan, Waters, Dede, Michaud, & Reddy, 2007; Haarman, Just, & 

Carpenter, 1997).  

 The focus of this paper is a more recent account, the Intervener Hypothesis.  The 

Intervener Hypothesis (IH) posits that sentence comprehension difficulties are due to 
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similarity-based interference induced when a noun phrase (NP) intervenes between two 

elements of a syntactic dependency. Consider (2) from above again, renumbered as (3).  

(3) The cat that the dog chased <the cat> last night was angry. 

Recall that (3) contains a syntactic dependency; a link between the ‘filler’, the cat, 

and its post verb ‘gap’ must be made for successful comprehension of the sentence to 

occur. In order for this link between the gap and the displaced NP, the cat, to be 

established, the listener must cross over an intervening noun phrase (the dog), which has 

a similar structure.  

(3) The cat that the dog chased <the cat> last night was angry. 

Both noun phrases (NPs)- the filler (the cat) and the intervener (the dog) - are 

structured as DET N. The IH argues that in (3), the intervener causes similarity-based 

interference because it easily “fits” as a possible element in the syntactic dependency 

chain.  Evidence supporting the Intervener Hypothesis has been demonstrated with Wh- 

Questions (Sheppard, Walenski, Love, & Shapiro, 2105), and more recently anaphor 

resolution (Engel, Shapiro, & Love, submitted). Support for the IH has also been 

illustrated with a syntactic dependency inherent to a specific type of intransitive verb - 

one that requires a single argument (Sullivan, Walenski, Love, & Shapiro, 2017a).     

 Both (4) and (5) below contain intransitive verbs. In (4), the single argument of 

the unergative verb, jump, acts as the subject.  The single argument initiates the action 

and is assigned the thematic role of Agent. 

(4) The boy jumped.  
    AGENT        VERB 
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According to the Unaccusativity Hypothesis (Burzio, 1986; Perlmutter, 1978; Perlmutter 

& Postal, 1984), in (5), the single argument of the unaccusative verb disappear, is base-

generated in the object position and is displaced to the grammatical subject position.  

(5) The boy disappeared <the boy>. 
   THEME              VERB 

   

The single argument of the unaccusative verb, disappear, is receiving the action, and is 

assigned the thematic role of Theme or Patient.  

  Psycholinguistic evidence further supports the distinction among intransitive 

verbs (Friedmann, Taranto, Shapiro, & Swinney, 2008; Sullivan, Walenski, Love & 

Shapiro, 2017b).  Friedmann et al. (2008) investigated the real-time processing of 

intransitive verbs using a cross-modal priming paradigm with a group of college-aged 

neurologically unimpaired participants. Cross-modal priming allows for determining the 

time course of lexical activation and reactivation. Probes related and unrelated to lexical 

items of interest are visually presented at distinct points of interest during the un-

interrupted aural presentation of sentences. The presentation of visual probes requires a 

binary (yes/no) response. Faster reaction times to the related compared to unrelated 

probes is indicative of priming, and activation of lexical items of interest. Friedmann et 

al. probed lexical activation at three time points (indicated by the superscript numerals 

below) in sentences that contain unaccusative verbs, such as (6) and unergative verbs (7).  

(6)  The tailor1 from East Orange, New Jersey, mysteriously disappeared <the 

tailor>2 when it was3 time to adjust the tuxedos and dresses for the participants in 

the wedding party. 

(7) The surgeon1 with a brown felt fedora hat and matching coat eagerly smiled2 

when the beautiful3 actress walked down the corridor to exam room three. 
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A priming effect was found at the offset of the single argument (probe position 1) for 

sentences that contained both unaccusative and unergative verbs. However, reactivation 

for the single argument at a post verb position was only found for the sentences that 

contain unaccusative verbs (6). These findings support the linguistic notion that the single 

argument of unaccusative verbs is base-generated in a post verb position and is displaced 

to the grammatical subject position. Of note, reactivation was not found at offset of the 

verb (gap position) as has been found with other types of syntactic dependencies see 

(Love & Swinney, 1996; Love et al., 2008; Shapiro, Oster, Garcia, Massey, & Thompson 

1999; Tanenhaus, Boland, Garnsey, & Carlson, 1989; and many others). Reactivation 

was found 750 ms downstream from the gap. The authors argue that the lack of an overt 

cue signaling an upcoming gap contributes to this delay in reactivation. It is not until a 

listener encounters the unaccusative verb and activate its properties that they are aware of 

the upcoming gap. This delayed time-course for unaccusative verbs motivated the 

investigation of sentences containing unaccusative verbs during real-time processing for 

IWBA as the results could help differentiate theories of sentence comprehension deficits, 

which were described earlier. 

 Sullivan et al. (2017b) conducted a cross-modal priming study to investigate real-

time processing of sentences with unaccusative verbs in participants with agrammatic 

Broca’s aphasia and a group of age-matched neurologically unimpaired participants 

(AMC). Sentences such as (8) were presented and lexical reactivation was probed at four 

post verb positions (indicated by superscript numerals). 

 (8) The queen with the bad temper vanished 1 during 2 the 3 spectacu4lar 

fireworks show. 
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Reactivation of the single argument (the queen) was found at a post verb position for both 

IWBA and AMC participants. I note here that there was a slight difference in the time 

course of lexical reactivation among the groups, with the IWBA evincing reactivation at 

probe position 2 while the AMC participants did so at probe position 3—a 250 ms 

difference which spans 1-2 syllables at most. More importantly, these results demonstrate 

that IWBA are sensitive to the unaccusative property of unaccusative verbs and do not 

evince a delayed time-course of lexical reactivation compared to neurologically 

unimpaired adults. As unaccusative verbs contain a syntactic dependency and IWBA are 

sensitive to the unaccusative property, they provide a test case for the Intervener 

Hypothesis, the focus of this paper.  

 Sullivan et al. (2017a) investigated the offline processing, or final comprehension, 

of sentences containing unaccusative verbs in an effort to evaluate the IH with the same 

IWBA and AMCs included in Sullivan et al. (2017b). A sentence-picture matching task 

was used and unaccusative verbs were embedded in two different sentence constructions, 

complement phrase (CP) constructions (9) and subject-extracted relative (SR) 

constructions (10).  

 (9)  The girl observed that the boy disappeared <the boy> into the trees. 

(10) The girl that observed the boy disappeared <the girl> into the trees. 

In the CP (9), there is no intervener as the linking of the single argument, the boy of the 

unaccusative verb disappear does not requiring the crossing of another NP of similar 

structure. However, in the SR (10), linking of the single argument, the girl and the gap 

position does require the crossing of an intervener (the boy), an NP of similar structure. 

Participants were presented with an image that contained two scenes; one scene depicted 
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the CP version of the sentence and the other scene depicted the SR version of the 

sentence. Upon hearing an experimental sentence, participants were required to choose 

the scene that matched the sentence they heard. The AMCs revealed above chance 

comprehension for both sentence types. The IWBA exhibited above chance 

comprehension for the CP sentences, however, for the SR constructions, comprehension 

was at chance level. For IWBA, there was a significant difference between the CP and 

SR conditions. These results support the IH as comprehension difficulty was only 

observed for the SR sentences that contained an intervener. Recall that IWBA typically 

do not have difficulty comprehending SR sentences as they conform to canonical word 

order.  It is only when unaccusative verbs are embedded in SR constructions that 

difficulty arises. In the current study, we further examine the comprehension of SR 

sentences that contain unaccusative verbs to determine if an intervener effect is observed 

during real-time, or online processing.  

Current investigation 

We utilized an eye-tracking while listening paradigm to investigate our questions 

of interest with a group of IWBA and a group of age-matched neurologically unimpaired 

individuals (AMC). Eye-tracking offers an advantageous way to explore online 

processing as behavior over the entire auditory presentation of a sentence is possible. 

This differs from other online methodologies, such as cross-modal priming which only 

allow for understanding what is occurring at specific, pre-determined time point during 

the auditory presentation of sentences. 
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Question 1: Does the presence of an intervener cause similarity-based interference 

during the real-time auditory sentence processing of sentences containing an 

unaccusative verb and a structurally similar intervener? 

To this end, we embedded unaccusative verbs in subject-relative sentences (11) similar to 

those used in Sullivan et al. (2017a) to determine if reactivation of the displaced NP 

occurs at a post verb position.  

(11) Last night at the Halloween party, the pirate that observed the wizard 

suddenly emerged <the pirate> before the costume contest. 

As IWBA have difficulty comprehending these sentences, we predict that reactivation of 

the single argument will not be found as evidenced by no difference between gazes to the 

displaced NP (the pirate) and the intervener (the wizard) after the verb for the IWBA. We 

also included an age-matched control group (AMC), as a comparison, and we predict that 

they will exhibit reactivation of the displaced NP at a post verb position; i.e. that there 

will be greater gazes to the displaced NP after the verb.  

Question 2: Does manipulating the animacy of an intervener impact real-time 

sentence processing of sentences that contain an unaccusative verb and an 

intervener?  

To date, interveners have only been evaluated in terms of structural similarity; 

here we offer a semantic manipulation of the intervener. It is reasonable to predict that 

semantics may reduce the intervener effect for IWBA as prior work has demonstrated 

better comprehension of semantically irreversible sentences such as (12) than 

semantically reversible sentences such as (13; Caramazza and Zurif, 1976).  

 (12) The apple that the boy is eating is red.  
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 (13) The man that the woman is hugging is happy.  

In (12) the verb eat semantically constrains the sentence, as only the boy eating the apple 

is plausible. In (13) it is equally plausible that the man or the woman would perform or 

receive the action of hugging, making it semantically reversible. IWBA showed greater 

accuracy in (12) as compared to (13), suggesting that IWBA take advantage of semantic 

constraints (when available) to ease comprehension. If performance with sentences 

containing semantically distinguished NPs reduces the intervener effect for IWBA, we 

will be able to offer a mechanism – similarity-based interference – for why reversibility 

matters in aphasia. This finding will also provide a method to reduce or eliminate the 

comprehension deficit observed for IWBA. In the current study, we manipulate the 

animacy of the intervener to determine if it mitigates the intervener effect for SR 

sentences that contain unaccusative verbs. To this end, we embed unaccusative verbs in 

subject-relatives sentences that contain an inanimate intervener (14).  

 (14) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly emerged <the pirate> before the costume contest.  

In (14) the intervener (the pumpkin) and the displaced NP (the pirate) are the same 

structure, however the animacy of the intervener and the filler does not overlap. For the 

AMCs, we again predict reactivation of the displaced NP, or greater gazes to the 

displaced NP compared to the intervener at a post verb position. For the IWBA, we 

predict that similarity-based interference will be reduced when the intervener differs in 

animacy and will reactivate the displaced NP at post verb position, or greater gazes to the 

displaced NP compared to the intervener will be found after the verb.  
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METHOD 

Participants  

Age-Matched Control Participants (AMC) - Eleven AMC participants were 

included in this study (mean age at time of testing: 62 years old; range: 57-66 years old). 

All of the AMC participants were monolingual native English speakers with normal or 

corrected-to-normal visual and auditory acuity, with no reported history of active or 

significant alcohol and/or drug abuse, active psychiatric illness or intellectual disability, 

and/or other significant brain disorder or dysfunction (e.g., Alzheimer’s/dementia, 

Parkinson’s, Huntington’s, Korsakoff’s).   

Individuals with Agrammatic Broca’s Aphasia (IWBA) - Eight individuals 

diagnosed with agrammatic (Broca’s) aphasia met criteria for inclusion in this study 

(mean age at time of testing: 64 years old; range: 56-77 years old). Demographic 

information for these participants is presented in Table 9-1. All IWBA experienced a 

single, unilateral left- hemisphere unilateral left-hemisphere stroke, were native English  

speakers with normal or corrected-to-normal visual and auditory acuity, and were right-

handed before their stroke. The clinical diagnosis of Broca’s aphasia was made based on 

the administration of standardized language testing to determine the extent and severity 

of each participant’s language impairment, specifically, in the areas of fluency and 

auditory comprehension ability. Testing included the Boston Diagnostic Aphasia 

Examination—Third Edition (BDAE– 3; Goodglass, Kaplan, & Barresi, 2000), and 

SOAP (Subject-relative Object-relative Active and Passive) Test of Auditory Sentence 

Comprehension (Love & Oster, 2002). IWBA were included in this study if they met 

clinical consensus and demonstrated comprehension deficits, which were defined as 
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poorer performance on comprehension of non-canonical object-relative sentences 

compared to canonical subject-relative sentences as assessed by the SOAP. All 

participants were neurologically and physically stable (i.e., at least 6 months post onset), 

with no reported history of active or significant alcohol and/or drug abuse, active 

psychiatric illness or intellectual disability, and/or other significant brain disorder or 

dysfunction (e.g., Alzheimer’s/dementia, Parkinson’s, Huntington’s, Korsakoff’s). All of 

the participants were tested at the Language and Neuroscience Group Laboratory at San 

Diego State University and were paid $15 per session.  

 

 

Table 9-1. Demographics information for IWBA. 

^ L = left; LH=left hemisphere; BA = Brodmann area; IPL = inferior parietal lobule; STG = superior temporal 

gyrus; MCA = middle cerebral artery 

* BDAE = Boston Diagnostic Aphasia Examination (0 = no usable speech or auditory comprehension, 5 = 

minimal discernable speech handicap) 

# SOAP SR = Average percent correct on subject relative items from the SOAP Test of Auditory Sentence 

Comprehension   

~ SOAP OR = Average percent correct of object relative items from the SOAP Test of Auditory Sentence 

Comprehension  
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Materials and Design  

Fifteen non-alternating unaccusative verbs were selected to be embedded in experimental 

sentences. Similar to Sullivan et al. (2017a), only non-alternating unaccusative verbs 

were included, as they do not have a transitive alternation. The verbs were selected based 

on their behavior with respect to linguistic diagnostics (see also Friedmann et al., 2008). 

For the unaccusatives, occurrence in there-constructions (15), ungrammaticality with a 

direct object (16), and inability to undergo passivization (17).  

(15) There disappeared three girls after class. 

(16) *The principal disappeared three girls after class. 

(17)  *Three girls were disappeared after class (by the principal). 

We also selected a set of 15 unergative verbs to embed in subject-relatives to serve as 

control conditions. The unergatives were also selected based on their performance with 

respect to linguistic diagnostics, ungrammaticality in the there-construction (18), 

ungrammaticality in the resultative construction (19), and inability to occur with a 

reflexive pronoun (20) unless followed by a resultative (21).  

(18)  *There jumped a smart little boy. 

(19)  *The smart little boy jumped silly. 

(20)  *The smart little boy jumped himself. 

(21)  The smart little boy jumped himself silly. 

All of the verbs selected were used twice resulting in thirty experimental sets. The 

experimental sets consisted of four SR sentences as seen in Table 9-2 resulting in 120 

experimental sentences. 
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One hundred and twenty non-experimental sentences that differed in sentence structure 

were also included as filler items. For each experimental set, line drawings depicting each 

of the NPs of interest were constructed (see Figures 9-1 and 9-2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9-1. Example animate condition trial. 

Figure 9-2. Example inanimate condition trial. 

Table 9-2 Example experimental sentences by condition. 
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Two pre-tests were conducted to ensure the stimuli were appropriate for use.  In pre-test 

I, images of the noun phrases were presented to college-age unimpaired participants 

(n=20) to ensure that they clearly depicted the NP of interest (i.e. that the image of the 

pirate was easily and readily identified as a pirate). In this picture identification task, all 

pictures included in the study had a minimum of 75% agreement (exact naming and 

semantically related naming matches).  In pre-test II, in order to reduce plausibility 

effects, all of the NPs were pretested with another group of college-age students (n=27) 

to confirm that they were all equally likely to be at the place mentioned in the initial PP 

of each sentence (“Last night at the Halloween party”, “the pirate” and “the wizard”). 

Participants were presented with two words (PERSON : PLACE) and asked to rate on a 

1-5 likert scale how likely (1-not very likely, 5-extremely likely) it was that the person 

(e.g. PIRATE) would be at the place (e.g., HALLOWEEN PARTY).  All items included 

in the study received ratings of 4s and 5s regarding the likelihood of being at the place 

tested (NP1 mean=4.8, NP2 mean = 4.7).   

In the current experiment, a switch target design was employed such that the NPs 

of interest from one experimental set serves as distractor items for another experimental 

set and vice versa. For example, for the animate condition, the display contained the two 

animate NPs mentioned in the sentence (e.g. pirate and wizard), and the two animate 

referents from another experimental sentence (e.g. bride and groom). This design ensures 

that gazes to NPs were indicative of lexical activation and reactivation, and not due to a 

preference for a particular image. The experimental sets were counterbalanced across 

four presentation lists and the location of the images presented were counterbalanced 

across items. The order of presentation across participants was also balanced with an 
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average of 5 days between sessions.  All sentences were recorded by a native English-

speaking female at an average rate of 4.47 syllables per second.  

Procedure 

Participants listened to uninterrupted auditory sentences over headphones while viewing 

a four-picture display of black-and-white line drawings. All images were sized to match 

one another at 450 x 450 pixels. 

Participants were seated in front of a computer screen and a Tobii X-120 eye-

tracker with their eyes a distance of 60 cm from the eye-tracker.  The eye-tracker was 

calibrated at the beginning of each experimental session. Stimuli were presented with E-

prime 2.0 software (Psychology Software Tools, Pittsburgh, PA). Each trial began with a 

500 ms fixation cross, followed by a 250 ms blank screen. The four-picture display was 

presented for 1500 ms before the experimental sentence began, and remained on the 

screen for 500 ms after the experimental sentence ended (see Figures 9-1 and 9-2). For all 

trials, gaze location was sampled at a rate of 60 Hz resulting in gaze location being 

recorded every 17 ms across each trial. To keep participants on task, participants were 

instructed that they would be asked yes-no questions after each sentence. These questions 

were intended only to reinforce the need for the participants to attend to the sentences. 

Participants responded to the questions using a button box using one hand. In order to 

familiarize each participant with the task, 10 practice trials were conducted prior to each 

experimental session. This allowed the experimenter to provide feedback or redirection 

prior to beginning experimental trials when necessary. 
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ANALYSIS 

Four rectangular areas of interest (AOIs) of the same size were defined around 

each of the pictures in the display. When data were available from both eyes, gaze 

location was computed as their average. When gaze location was available from only one 

eye, gaze location was computed from that eye alone. When gaze location was not 

available from either eye, or was not within of any of the AOIs, the sample was excluded 

from further analyses. A gaze was defined as six consecutive samples within the same 

AOI (a total of 102ms; see Manor and Gordon, 2003). Gazes that did not meet this 

criterion were also excluded from analysis.  

The total percent trackloss was calculated for each participant across all trials. 

Two of the eleven AMCs had fifty percent or greater trackloss and were excluded from 

further analysis, leaving 9 AMC participants. All 8 IWBA had less than 50 percent 

trackloss and were therefore included in the analyses presented below. For each group, all 

analyzable data was used to calculate the mean proportion of gazes to each of the four 

AOIs for each subject and each item. To account for gaze delay, the analysis window was 

shifted 200 ms forward (Allopena, Magnuson & Tanenhaus, 1998). Empirical logit 

transformed proportions were analyzed to avoid issues that can occur with analyzing raw 

proportions in linear models (see Jaeger, 2008). Raw proportions are reported in the text 

for interpretation purposes. Analyses were conducted using R version 3.3.1 (R Core 

Team, 2016), the lme4 package (Bates, Maechler, Bolker & Walker, 2015), and the 

eyetrackingR package (Dink & Ferguson, 2016). 
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Below we present the time course of gazes to each of the four AOIs throughout 

the time-course of each sentence as detailed below.   

 

To begin, we established sensitivity to the task by confirming that participants 

gazed to a NP upon hearing it in the auditory stream. The mean proportion of gazes to 

NP1 and NP2 were averaged across the NP1 (the pirate), and the relativizer (that 

observed) sentence elements across conditions to determine if gazes to NP1 increased 

upon hearing it. The mean proportion of gazes to NP1 and NP2 were also averaged across 

the NP2 (the wizard), adverb (suddenly) and verb (emerged) sentence elements across 

conditions to determine if gazes to NP2 increased upon hearing it. For each participant 

group, the mean proportions were subjected to linear mixed effects modeling. Random 

effects of subjects and items, and a fixed effect of AOI were included in the model.  

As shown in Table 9-3, both groups exhibited significantly greater gazes to the 

AOI containing NP1 compared to the AOI containing NP2 after encountering NP1 in the 

auditory stream (NP1 region), AMCs: t(3805) = 27.4, p = <0.001, estimate = 2.56(.10); 

IWBA: t(3469) = 12.67, p = <0.001, estimate = 1.24(.10).  Greater gazes to the AOI 

containing NP2 were found compared to the AOI containing NP1 after encountering NP2 

in the auditory stream (NP2 region), AMCs: t(5729) = -12.52, p = <.001, estimate = -

1.03(.08); IWBA: t(5307) = - 3.70, p = 0.00021, estimate = -0.31(.08).  
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These results indicate that both groups are sensitive to the task as they both exhibited 

gazes toward a named referent upon hearing it. Though not the focus of this investigation, 

we do point out that the time course of activation of the NPs appear temporally delayed 

for IWBA (see graphs 9-3 and 9-4) as compared to the AMCs. 

As we have established that both groups are sensitive to the task and can switch 

gazes appropriately, we now move to discussion of the analyses targeted at answering our 

questions of interest. Because the main area in the sentence that is of interest occurs at 

post verb positions, and since behavioral studies indicated delayed reactivation for the 

displaced NP post verb, we broke down the final PP in to 250 millisecond time bins so as 

to better capture the time course of reactivation (detailed below). 

Final PP analysis window 

In addition to the sentence components shown above, an analysis window 

beginning at the onset of the final preposition and continuing for 2000 ms was created. 

Table 9-3. Average Proportion of gazes (standard error) 

across all conditions to NP1 and NP2 during the region of 

NP1 and NP2 during the auditory stream for AMCs and 

IWBA.  

* = significantly greater gazes 
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The 2000 ms time window was broken down into eight 250 ms time bins. The final time 

bin had fewer than twenty data points in each condition and was excluded from further 

analysis. The mean proportion of gazes to each of the four AOIs was calculated for each 

of the remaining time bins. For each participant group, the proportion of gazes to the 

displaced NP/NP1 and the proportion of gazes to the intervener/NP2 in each of the Final 

PP time bins were subjected to linear mixed effects modeling. Random effects of subjects 

and items, and a fixed effect of AOI were included in the model.  

RESULTS: SENTENCES CONTAINING UNACCUSATIVE VERBS 

AMC Participants 

 Graph 9-1 display the mean proportion of gazes to all four AOIs for each sentence 

element and Final PP time bins for the animate unaccusative condition.   

 

 

Graph 9-1. Mean proportion of gazes (with standard errors) to all AOIs over the duration of 

the sentence for the animate unaccusative condition for the AMCs. 
 

chance 
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It is clear from that, participants did not show significant gazes to the two distractor 

items. Again, because we are primarily interested in what occurs beyond the verb, we 

focus here comparing the 2 NPs of interest- the displaced NP (NP1) and the intervening 

NP (NP2).  Table 9-4 shows the mean proportions of gazes to NP1 and NP2 for the final 

analysis window. 

  

As NP2 was the most recent NP listeners heard prior to the Final PP, we see greater gazes 

to NP2. While still greater than gazes to NP1, the proportion of gazes to NP2 quickly 

shifts downward. Gazes are moving away from NP2 and towards NP1, an indicator of 

reactivation. This pattern is shown though significantly greater gazes to the intervener 

(NP2) at two post verb time bins:  offset to 250 ms; t(397) = -2.55, p = 0.01, estimate = -

0.12(0.05) and 250 to 500 ms; t(401) = -2.33, p = 0.02, estimate = -0.68(0.29).  With 

significantly greater gazes to the displaced NP (NP1) in the 1250 to 1500 ms; t(265) = 

3.00, p = 0.003, estimate = 1.01(0.34), and 1500 to 1750 ms; t(123) = 4.07, p =.00001, 

estimate = 1.73(0.43) time bins. No significant differences were found in the 500 to 750 

ms; t(415)= -1.54, p = 0.12, estimate = -0.45(0.29), 750 to 1000 ms; t(411) = -0.10, p = 

0.92, estimate = -0.029(0.29), and 1000 to 1250 ms; t(373) = 0.04, p = 0.97, estimate = 

0.01(0.30) time bins.  

  

* = significantly greater gazes 

Table 9-4. Mean proportion of gazes (standard error) to the displaced NP/NP1 and the 

Intervener/NP2 during the Final PP time bins for the animate unaccusative condition for the 

AMCs. 
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Graph 9-2 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins for the inanimate unaccusative condition.  

  

Similar to the patterns above, participants did not show significant gazes to the two 

distractor items. The mean proportion of gazes to the displaced NP (NP1) and the 

intervener (NP2) for each of the Final PP time bins in the inanimate unaccusative 

condition are presented in Table 9-5.  

 

Similar to the patterns described above, we see significantly greater gazes to the 

intervener (NP2) in the offset to 250 ms; t(437) = -1.96, p = 0.05, estimate = -0.09(0.05) 

Table 9-5. Mean proportion of gazes (standard error) to the displaced NP/NP1 and the 

Intervener/NP2 during the Final PP time bins for the inanimate unaccusative condition for 

the AMCs. 
 

* = significantly greater gazes 

Graph 9-2.  Mean proportion of gazes to all AOIs (with standard errors) over the duration of 

the sentence for the inanimate unaccusative condition for the AMCs. 
 

chance 
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time bin. Interestingly, the point at which significantly greater gazes to the displaced NP 

(NP1) are starting is earlier than in the animate condition: 750 to 1000 ms; t(445) = 4.31, 

p = < .001, estimate = 1.19 (0.28)), 1000 to 1250 ms; t(377) = 5.40, p = <.001, estimate = 

1.55 (0.29), 1250 to 1500 ms; t(275) = 5.66, p = <.001, estimate = 1.86(0.33), and 1500 

to 1750 ms; t(91) = 3.00, p = 0.03, estimate = 1.62(0.54) time bins. No significant 

differences were found in the 250 to 500 ms; t(441) =0.09, p = 0.93, estimate = 

0.03(0.29), and 500 to 750 ms; t(449) = 1.61, p = 0.11, estimate = 0.46(0.28) time bins.  

Individuals With Broca’s Aphasia (IWBA) 

Graph 9-3 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins for the animate unaccusative condition. 

 

 

Graph 9-3. Average Proportion of gazes to all AOIs over the duration of the sentence for 

the animate unaccusative condition for the IWBA. 
 

chance 
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As was the case for the AMCs, IWBA do not appear to be gazing towards the two 

distractor items during sentence processing. The mean proportion of gazes to the 

displaced NP (NP1) and the intervener (NP2) for each of the Final PP time bins in the 

animate unaccusative condition are presented in Table 9-6.  

 

Unlike the AMCs who showed a clear shift in gaze patterns post verb from the 

most recently heard NP (NP2) towards the displaced NP (NP1), no significant difference 

in gazes to the displaced NP (NP1) and the intervener (NP2) was found in any of the post 

verb time bins for the IWBA:  offset – 250 ms; t(415) = -0.27, p = 0.79, estimate = -

.08(0.28), 250 – 500 ms; t(413) = 0.08, p = 0.94, estimate = 0.02(0.28), 500 – 750 ms; 

t(423) = .15, p = 0.88, estimate = 0.04(0.28), 750 – 1000 ms; t(421) = -0.01, p = 0.99, 

estimate =  -0.002 (0.27), 1000-1250 ms; t(369) = 1.25, p = 0.21, estimate = 0.35(0.28), 

1250 – 1500 ms; t(277) = 0.87, p = 0.38, estimate = 0.05(0.05), and 1500 – 1750 ms; 

t(129) = -0.41, p = 0.68, estimate = -0.15(0.37) time bins. 

Interestingly though, differences were found for the inanimate unaccusative 

condition.  Graph 9-4 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins.  

 

 

 

Table 9-6. Mean proportion of gazes (standard error) to the displaced NP/NP1 and the 

Intervener/NP2 during the Final PP time bins for the animate unaccusative condition for the 

IWBA. 
 

* = significantly greater gazes 
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The mean proportion of gazes to the displaced NP (NP1) and the intervener (NP2) for 

each of the Final PP time bins in the inanimate unaccusative condition are presented in 

Table 9-7.  

 

Visually, there is a clear shift in gazes post verb away from the most recently heard NP2 

towards the displaced NP (NP1).  This pattern is also shown with significantly greater 

gazes to the displaced NP (NP1) being found in four post verb time bins: 750 to 1000 

ms; t(387) = 2.3, p = 0.02, estimate = 0.62(0.27), 1000 to 1250 ms; t(332) = 4.92, p = 

<.001, estimate = 1.35(0.27), 1250 to 1500 ms; t(257) = 5.27, p =  <.001, estimate = 0.28 

Table 9-7. Mean proportion of gazes (standard error) to the displaced NP/NP1 and the 

Intervener/NP2 during the Final PP time bins for the inanimate unaccusative condition for 

the IWBA. 
 

* = significantly greater gazes 

Graph 9-4. Average Proportion of gazes to all AOIs over the duration of the sentence for the 

inanimate unaccusative condition for the IWBA. 
 

chance 
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(0.05), and 1500 to 1750 ms; t(91) = 2.77, p = 0.006 , estimate = 1.28 (0.46). No 

significant differences were found in the offset to 250 ms; t(389) = -1.03, p = 0.30, 

estimate = -0.30 (0.29), 250 to 500 ms; t(389) = 0.06, p = 0.95, estimate = 0.02(0.29), 

and 500 to 750 ms; t(387) = 0.91, p = 0.36, estimate = 0.26 (0.29) time bins.  

INTERIM DISCUSSION 

The purpose of this study was to test the Intervener Hypothesis and determine if 

similarity-based interference manifests during the real-time processing of sentences that 

contain an unaccusative verb and an intervener of similar structure for IWBA. We also 

included a group of AMC participants for comparison. Recall that sentences with 

unaccusative verbs contain a filler-gap syntactic dependency that requires the linking of a 

displaced NP and a post verb “gap” for successful comprehension.  Here, unaccusative 

verbs were embedded in subject-relative sentences (22), requiring the crossing of a NP of 

similar structure (DET N; the wizard) to process the syntactic dependency. 

(22) Last night at the Halloween party, the pirate that observed the wizard 

suddenly emerged <the pirate> before the costume contest.  

We note here that our prior work has demonstrated that IWBA show impaired final 

comprehension of these sentences (Sullivan et al., 2017a) and argued that similarity-

based interference (SBI) could be the reason for the comprehension impairment.  In this 

experiment, we manipulated the animacy of the intervener (23; the pumpkin) to 

determine whether semantic information reduces SBI.  

(23) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly emerged <the pirate> before the costume contest.  
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For the AMC participants, we predicted that the group would exhibit reactivation 

of the displaced NP in sentences that contain unaccusative verbs in both the animate 

(matched NP1 and NP2), and inanimate (mismatched NP1 and NP2) conditions. The 

results support our predictions. The AMCs exhibited greater gazes to the displaced NP 

(NP1) compared to the intervener (NP2) at a post verb position in both animate and 

inanimate conditions. The results from AMC participants also demonstrate a processing 

advantage for a semantically mismatched intervener. In the inanimate condition, gazes to 

the displaced NP occur at an earlier time point (750-1000 ms time bin) than when the 

intervener is semantically matched (animate) (1250-1500 ms time bin).  Gazes also begin 

to shift to the displaced NP (NP1) at an earlier time point in the inanimate (semantic 

mismatch) condition. Gazes to NP2 are significantly greater in the PP offset to 250 ms 

time bin, while gazes to NPs do not differ beginning in the 250 to 500 ms time windows. 

In the animate (semantic match) condition, gazes to NP2 are significantly greater across 

the first two time bins, PP offset to 250 ms and 250 to 500 ms, with no difference in 

gazes beginning in the 500 to 750 ms time windows.  

Given the pattern of final comprehension observed for the IWBA in Sullivan et al. 

(2017a) for sentences that contain an unaccusative verb and an intervener, we predicted 

that the IWBA would not exhibit reactivation of the displaced NP at a post verb position. 

The results support the Intervener Hypothesis as no statistical difference between gazes to 

the displaced NP and the intervener were found in any of the post verb, Final PP time 

bins. These findings indicate that the presence of an intervening NP between the elements 

of the syntactic dependency induces SBI for IWBA. These results also align with the 

chance comprehension observed in Sullivan et al. (2017a): taken together, the findings 



 

 
 
 

137 

suggest that SBI manifests during real-time sentence processing and negatively impacts 

final sentence comprehension.  

We also sought to determine if manipulating the animacy of an intervener would 

reduce SBI during real-time sentence processing of sentences that contain unaccusative 

verbs and an intervener for IWBA. If it is the case that an intervening NP that is of a 

similar structure (DET N) and other properties (e.g., animacy) causes “confusion” in 

thematic role assignment in IWBA, then it is reasonable to predict that altering one of 

those lexical features, in this case, animacy, would reduce the interference effect.  We 

predicted that IWBA would reactivate the displaced NP at a post verb position when the 

displaced NP and the intervener were semantically mismatched. The results support our 

prediction as the IWBA exhibited significantly greater gazes to the displaced NP (NP1) 

compared to the intervener (NP2) at a post verb position. This pattern provides evidence 

for a processing advantage when the intervener and the displaced NP differ semantically. 

In the inanimate unaccusative condition, AMC and IWBA participants demonstrate a 

similar time-course of reactivation of the displaced NP, providing further support for a 

processing advantage when an intervener is semantically distinguished. For both groups, 

significantly greater gazes to the displaced NP begin at the 750-1000 ms time bin. While 

results from the animate unaccusative and inanimate unaccusative conditions are 

relatively clear-cut, recall that we also included sentences that contain unergative verbs 

and interpreting performance in these conditions poses a greater challenge. We turn now 

to the results from the unergative conditions. 
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RESULTS: SENTENCES CONTAINING UNERGATIVE VERBS 

ANALYSIS 

The same analysis approach used to analyze the sentences that contain unaccusative verbs 

was used to evaluate the sentences that contain unergative verbs.  

RESULTS  

AMC Participants 

Graph 9-5 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins for the animate unergative condition. As was 

the case above, AMCs do not appear to be gazing towards the two distractor items during 

sentence processing.  

 

Graph 9-5. Mean proportion of gazes to all AOIs over the duration of the sentence for the 

animate unergative condition for the AMCs. 
 

chance 
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Similar to what was done for the unaccusative condition, the mean proportion of gazes to 

NP1 and NP2 for each of the Final PP time bins in the animate unergative condition are 

presented in Table 9-8.  

 

As was found in the unaccusative condition, as the AMCs heard an NP, they showed 

clear gaze patterns towards that item.  Post verb, there were significantly greater gazes to 

NP2 in the 250 to 500 ms; t(403) = -2.44, p = 0.02, estimate = -0.71(0.29) time bin. An 

unexpected finding, however, was that there were significantly greater gazes to NP1 in 

three subsequent time bins: the 1000 to 1250 ms; t(403) = 1.97, p = 0.05, estimate = 0.54 

(0.27), 1250 to 1500 ms; t(291) = 3.79, p = 0.00015, estimate = 1.20 (0.32), and 1500 to 

1750 ms; t(129) = 2.24, p = 0.03, estimate = 0.97 (0.43). No significant differences were 

found in the offset to 250 ms; t(403) = -1.91, p = 0.06, estimate = -0.09 (0.05), 500 to 

750 ms; t(413) = -1.92, p = 0.06, estimate = -0.54(0.28), and the 750 to 1000 ms; t(417) 

= -0.46, p = 0.64, estimate = -0.13(0.29) time bins.  

Graph 9-6 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins for the inanimate unergative condition. Again, 

AMCs appear to be ignoring the two distractor items. 

 

 

 

Table 9-8. Mean proportion of gazes (standard error) to NP1 and NP2 during the Final PP 

time bins for the animate unergative condition for the AMCs. 
 

* = significantly greater gazes 
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The mean proportion of gazes to NP1 and NP2 for each of the Final PP time bins in the 

inanimate unergative condition are presented in Table 9-9.     

 

Gazes to the most recently encountered NP (NP2) begin to decrease after the verb and 

similar to the animate unergative condition, gazes to NP1 begin to increase in the post 

verb region. This pattern is further shown as significantly greater gazes to NP1 were 

found in the 500 to 750 ms; t(439) = 2.23, p = 0.03, estimate = 0.64(0.29), 750 to 1000 

ms; t(451) = 3.44, p = 0.0006, estimate = 0.95(0.28), 1000 to 1250 ms; t(373) = 4.3, p = 

Table 9-9. Mean proportion of gazes (standard error) to NP1 and NP2 during the Final PP 

time bins for the inanimate unergative condition for the AMCs. 

 

* = significantly greater gazes 

Graph 9-6. Mean proportion of gazes to all AOIs over the duration of the sentence for the 

inanimate unergative condition for the AMCs. 
 

chance 



 

 
 
 

141 

<0.001, estimate = 1.26 (0.29), 1250 to 1500 ms; t(269) = 3.47, p = 0.0005, estimate = 

1.12 (0.32), and 1500 to 1750 ms; t(111) = 3.66, p = 0.0003, estimate = 1.73(0.47) time 

bins. No significant differences were found in the offset to 250 ms; t(437) = 0.34, p = 

0.73, estimate = 0.02 (0.04) and, 250 to 500 ms; t(453) = 1.54, p = 0.12, estimate = 

0.43(0.28) time bins.  

 

IWBA 

Graph 9-7 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins for the animate unergative condition. 

It appears that over most of the sentence the IWBA ignore the two distractor items. 

Interestingly, in this case, visually, gazes to the distractors begin to increase during the 

post verb region.  

 

 

Graph 9-7. Mean proportion of gazes to all AOIs over the duration of the sentence for the 

animate unergative condition for the IWBA. 
 

chance 
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The mean proportion of gazes to NP1 and NP2 for each of the Final PP time bins in the 

animate unergative condition are presented in Table 9-10.                                  

 

As expected, gazes to NP1 and NP2 do not differ in the post verb region, unlike what was 

found for the AMCs. This pattern is further shown as no significant difference in gazes to 

NP1 or NP2 was found in any of the time bins, offset – 250 ms; t(419) = 0.45, p = 0.65, 

estimate = -0.12(0.28), 250 – 500 ms; t(429) = 1.15, p = 0.25, estimate = 0.31(0.27), 500 

– 750 ms; t(411) = 0.53, p = 0.60, estimate = 0.15(0.28), 750 – 1000 ms; t(419) = -0.97, 

p = 0.33 , estimate = -0.26(0.26), 1000-1250 ms; t(399) = -1.2, p = 0.23, estimate = -

0.32(0.27), 1250 – 1500 ms; t(299) = 0.62, p = 0.54, estimate = 0.03(0.05), 1500 – 1750 

ms; t(131) = 1.08, p = 0.28, estimate = 0.43(0.4). 

Graph 9-8 displays the mean proportion of gazes to all four AOIs for each 

sentence element and Final PP time bins for the inanimate unergative condition. Again, 

over most of the duration of the sentences the IWBA ignore the distractors. Visually, 

unlike what was seen in the animate unergative condition where gazes to both of the 

distractors increased during the post verb region, here only gazes to the animate distractor 

appear to increase. 

 

 

 

Table 9-10. Mean proportion of gazes (standard error) to NP1 and NP2 during the Final PP 

time bins for the animate unergative condition for the IWBA. 

 

* = significantly greater gazes 



 

 
 
 

143 

 

The mean proportion of gazes to NP1 and NP2 for each of the Final PP time bins in the 

unergative inanimate condition are presented in Table 9-11.  

 

Unlike what was found for the IWBA in the animate unergative condition, gazes to NP1 

increase during the post verb region. This pattern is further demonstrated as significantly 

greater gazes to NP1 were found in the 750 to 1000 ms; t(411) = 3.39, p = 0.0008, 

estimate = 0.89(0.26), 1000 to 1250 ms; t(351) = 3.35, p = 0.0009, estimate = 0.93  

(0.28), 1250 to 1500 ms; t(259) = 2.83, p = 0.005, estimate = 0.15(0.05), and 1500 to 

1750 ms; t(101) = 1.97, p = 0.05, estimate = 0.97(0.49) time bins. No significant 

Table 9-11. Mean proportion of gazes (standard error) to NP1 and NP2 during the Final PP 

time bins for the inanimate unergative condition for the IWBA. 
 

* = significantly greater gazes 

Graph 9-8. Mean proportion of gazes to all AOIs over the duration of the sentence for the 

inanimate unergative condition for the IWBA. 
 

chance 
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differences were found in the offset to 250 ms; t(409) =- 0.57, p = 0.57, estimate =- 0.16 

(0.27), 250 to 500 ms; t(405) = 0.69, p = 0.49, estimate = 0.19(0.27), and 500 to 750 ms; 

t(395) = 1.79, p = 0.07, estimate = 0.51(0.29) time bins.  

INTERIM DISCUSSION   

We included subject-relative sentences that contain an unergative verb and NPs 

that matched in animacy (24) or mismatched in animacy (25) as control conditions. 

 (24) Last night at the Halloween party, the pirate that observed the wizard 

suddenly joked before the costume contest. 

 (25) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly joked before the costume contest. 

For both groups, we predicted no difference in gazes to NP1 compared to NP2 at a post 

verb position, as sentences that contain unergative verbs do not contain a filler-gap 

syntactic dependency that motivates reactivation. Surprisingly, the AMC participants 

demonstrated significantly greater gazes to NP1 at a post verb position for both the 

semantically matched (animate) and mismatched (inanimate) conditions. Also of note is 

the finding of increased gazes to NP1 compared to NP2 occurs earlier in the time-course 

for sentences that contain unergative verbs compared to those with unaccusative verbs. 

Significantly greater gazes to NP1 begin in the 1000-1250 ms time bin for the animate 

unergative condition but do not begin until the 1250-1500 ms time bin in the animate 

unaccusative condition (see red boxes in Table 9-12, below). An earlier time-course is 

also observed when comparing gazes to NP1 and NP2 after the verb in the inanimate 

unergative condition and the inanimate unaccusative condition. Greater gazes to NP1 

begin in the 500-750 ms time bin for the inanimate unergative condition and do not begin 
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until the 750-1000 ms time bin for the inanimate unaccusative condition (see blue boxes 

in Table 9-12, below). Similar to the processing advantage found for semantically 

mismatched NPs within the unaccusative conditions for the AMC participants, a 

processing advantage for semantically mismatched NPs was also found within the 

unergative conditions. Reactivation of NP1 occurs at a later time-point (1000-1250 ms 

time bin) when the NPs match in animacy compared to when they mismatch (500-750 ms 

time bin). We discuss one possible reason for this unexpected pattern below. 

For the animate unergative condition, IWBA, unlike the AMC participants, 

demonstrated no difference between gazes to NP1 and NP2 at a post verb position. This 

pattern was expected as sentences that contain an unergative verb do not contain a filler-

gap syntactic dependency and therefore “re-activation” is not expected in the post verb 

position(s); thus no difference in gaze patterns post verb for NP1 compared to NP2.  

However, in the inanimate unergative condition, similar to the AMC participants, 

the IWBA exhibit greater gazes to NP1 compared to NP2 at post verb positions. 

Significantly greater looks to NP1 are found beginning in the 750-1000 ms time bin. 

While performance within the unergative conditions make the results within our 

unaccusative conditions a little more difficult to interpret, we argue that increased gazes 

to NP1 in the unergative conditions may be motivated by a different process than in the 

unaccusative conditions. We further discuss this suggestion in our general discussion.   

GENERAL DISCUSSION  

We conducted an eye-tracking while listening study to further test the Intervener 

Hypothesis. We sought to determine if similarity-based interference manifests during the 

real-time sentence processing of subject-relative sentences that contain unaccusative 
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verbs and an intervener. Sullivan et al. (2017a) demonstrated that IWBA have poor final 

comprehension of these sentences and argued that similarity-based interference caused by 

an intervening NP, or intervener between the elements of the syntactic dependency 

inherent to unaccusative verbs was the source of the comprehension patterns observed. 

We also sought to determine if semantically distinguishing the intervener by 

manipulating animacy mitigates similarity-based interference during real-time sentence 

processing. To accomplish this, we embedded unaccusative verbs in subject-relative 

sentences with semantically matched NPs (26), and semantically mismatched NPs (28). 

We included sentences that contain unergative verbs as a control condition as they are 

intransitive verbs but unlike unaccusatives do not contain a filler-gap syntactic 

dependency. The animacy of the NPs contained in these sentences was also manipulated, 

for one condition both NPs were animate (27), and in another one NP was animate and 

the other was inanimate (29).  

(26) Last night at the Halloween party, the pirate that observed the wizard 

suddenly emerged <the pirate> before the costume contest.  

(27) Last night at the Halloween party, the pirate that observed the wizard 

suddenly joked before the costume contest. 

(28) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly emerged <the pirate> before the costume contest.  

(29) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly joked before the costume contest. 



 

 
 
 

147 

We included a group of neurologically unimpaired AMC participants to establish 

baseline performance. For AMC participants, as expected, we found reactivation of the 

displaced NP at a post verb position for both the unaccusative conditions (see Table 9-12 

below).                                              

For the IWBA, we did not find reactivation of the displaced NP in the animate 

unaccusative condition, but did find reactivation of the displaced NP in the inanimate 

unaccusative condition. We interpret this as support for the Intervener Hypothesis where 

the presence of a structurally similar NP between the elements of a syntactic dependency 

causes similarity-based interference and negatively impacts final comprehension. Our 

animacy manipulation revealed that animacy reduces similarity-based interference caused 

by an intervener. Only when the intervener matched structurally and semantically did it 

induce similarity-based interference that negatively impacted real-time sentence 

processing.    

At first blush, this interpretation appears to be complicated by the reactivation of 

NP1 in the unergative conditions in the AMCs and the IWBA (inanimate condition only). 

Table 9-12. Summary of gaze patterns for each post-verb time window across the 4 conditions 

for both the AMCs and IWBA. 
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However, as we explain in greater detail below, we believe the data patterns in the 

unergative and unaccusative conditions in fact represent two separate processes; thematic 

role assignment for the unergative sentences and syntactic dependency linking for the 

unaccusative sentences. 

While it is not possible to conclusively distinguish the processes motivating 

reactivation in the unergative versus the unaccusative condition in the current study, we 

point to key patterns in the current data and link it to prior published results below.   

In the current data, for the AMC participants, reactivation occurs at an earlier 

time-point for the unergatives compared to the unaccusatives (see Table 9-12). We argue 

that the earlier onset suggests that a different process from that in the unaccusative 

sentences may be underlying reactivation. Consider the subject-relative that contains an 

unergative verb again below (30).  

(30) Last night at the Halloween party, the pirate that observed the wizard/the 

pumpkin suddenly joked before the costume contest.  

The single argument of the unergative verb, the pirate is assigned a thematic 

role by two verbs, it is assigned the Agent role by the verb observed in the relative clause, 

and an Agent role by the unergative verb, joke. It is therefore reasonable to assume that in  

order to be assigned a second thematic role, the single argument of the unergative verb 

would be reactivated upon hearing it.  

 

Further support for the suggestion that reactivation is motivated by two different 

processes comes from Friedmann et al. (2008). They compared lexical activation patterns 
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in sentences that contain unergative and unaccusative verbs in non-relative constructions 

that do not contain an intervener. Unlike the reactivation observed in the current study for 

the unergative verbs, reactivation of the single argument of the unergative verb was not 

found at a post verb position. Under this assumption/interpretation, it is not necessary to 

reactivate the displaced NP in the region of the verb as it is only assigned one thematic 

role by the unergative verb. The patterns observed for the IWBA in the current study 

within the unergative conditions align with the suggestion that reactivation is motivated 

by thematic role assignment.  

For the IWBA reactivation is only found in the inanimate unergative condition. 

Compare the unergative animate sentence and unergative inanimate sentence below.  

(31) Last night at the Halloween party, the pirate that observed the wizard 

suddenly joked before the costume contest.  

(32) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly joked before the costume contest.  

Recall that the unergative verb requires an argument to assign the thematic role of Agent. 

In the animate condition, NP2, the wizard and the single argument of the unergative verb, 

the pirate would both make a “good” Agent. That is, they are both equally likely to 

perform the action of the unergative verb, joke. However, in the inanimate condition, the 

inanimate NP2, the pumpkin is less likely to perform the action of the unergative verb, 

joke. Poor thematic fit of the Agent role for the inanimate NP2 in the inanimate condition 

eases thematic role assignment of the single argument.  
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Additionally, noteworthy is our finding that in the inanimate unergative condition, 

gazes to the animate distractor also increase at a post verb position. The animate 

distractor would also make a “good” Agent of the unergative verb. What remains 

uncertain is if IWBA have difficulty comprehending subject-relative sentences that 

contain an unergative verb and two animate NPs. A direct comparison may help to clarify 

if an intervener impacts sentence processing due to interfering with processing a syntactic 

dependency, or with thematic role assignment. Future work can help to answer these 

remaining questions.  

 In closing, we tested the Intervener Hypothesis using subject-relative sentences 

that contain unaccusative verbs and unergative verbs with NPs that matched in animacy, 

and NPs that mismatched in animacy. We found support for the Intervener Hypothesis as 

reactivation of the displaced NP was not found for the IWBA when the NPs matched in 

animacy within the unaccusative conditions. We did however find reactivation of the 

displaced NP when the NPs differed in animacy for the IWBA indicating that when NPs 

differ in animacy it reduces similarity-based interference caused by an intervener. 

Surprisingly, we found reactivation of a previously encountered NP in the unergative 

conditions.  An earlier time-course of reactivation was found during the unergative 

sentences compared to the syntactically motivated reactivation found for the 
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unaccusatives, and therefore we suggest that reactivation within the unergatives results 

from a different process, perhaps thematic role assignment.  

 

Chapter 9 is being prepared for submission for publication of material. Sullivan, 

N., Shapiro, L.P., Love, T., (in preparation). The intervener effect during the online 

processing of sentences that contain unaccusative verbs in aphasia. The dissertation 

author was the primary investigator and author of this paper.  
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The primary goal of this dissertation was to investigate factors that contribute to 

the sentence comprehension deficits observed in Broca’s aphasia. Individuals with 

Broca’s aphasia (IWBA) show good comprehension of sentences in canonical S-V-O 

word order and difficulty with the comprehension of many non-canonical sentences 

(Caramazza & Zurif, 1976; Schwartz, Linebarger, Saffran, & Pate, 1987; Grodzinsky, 

1990; Love & Oster, 2002). Several accounts have been proposed to account for these 

patterns, but almost all have conceptual shortcomings, or fall short in explaining the 

range of sentence types affected by the deficit. This dissertation focused on a new 

account of the sentence comprehension deficits in Broca’s aphasia, the Intervener 

Hypothesis. 

  The Intervener Hypothesis (Sheppard, Walenski, Love & Shapiro, 2015; Sullivan, 

Walenski, Love & Shapiro, 2017; Engel, Shapiro & Love, submitted) posits that 

similarity-based interference is caused when the linking of two elements in a syntactic 

dependency crosses a noun phrase of similar structure, and thus confuses the listener as to 

“who did what to whom?” This hypothesis is grounded in the linguistic (e.g., Rizzi, 

2004), psycholinguistic (e.g. Gordon, Hendrick, Johnson, & Lee, 2006), and aphasia 

literatures (Friedmann, 2008; Friedmann & Givon, 2012; Friedmann & Shapiro, 2003; 

Sheppard et al., 2015). The power of the hypothesis stems from its ability to generalize to 

several different sentence types and to predict which types should be comprehended well 

and which should not, while offering a single explanation for the response patterns.  

Support for the Intervener Hypothesis also comes from two recent studies using 

two distinct sentential configurations that meet the requirements of an intervener: Wh-

questions (Sheppard et al., 2015), and anaphors (Engel et al., submitted). This dissertation 
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used a multi-modal approach to further evaluate the Intervener Hypothesis in the context 

of a syntactic dependency inherent to a specific type of verb. As a reminder, unaccusative 

verbs are intransitive verbs, a verb type that requires only one argument. According to 

linguistic theory (Burzio, 1986; Perlmutter, 1978; Perlmutter & Postal, 1984), the single 

argument of unaccusative verbs is base-generated in the object position and displaced to 

the grammatical subject position, leaving behind a gap. As sentences that contain 

unaccusative verbs contain a syntactic dependency, they can be embedded in specific 

sentence types to meet the requirements of containing an intervener. Unaccusative verbs 

have been the focus of previous investigations of online and offline sentence processing 

with IWBA, however, a specific class of unaccusative verbs called alternating 

unaccusatives were included in these studies. Alternating unaccusative verbs allow for 

two alternations:  transitive and intransitive. Prior investigations have demonstrated that 

alternating unaccusatives pattern more like unergative verbs during real-time sentence 

processing (Friedmann, Taranto, Shapiro, and Swinney, 2008). Given these results, this 

dissertation limits its focus within unaccusative verbs to include only non-alternating 

unaccusative verbs. 

Chapter 7 presented a cross-modal priming study that explored the time-course of 

lexical reactivation in sentences that contain unaccusative verbs with individuals who had 

a Broca’s aphasia with a sentence comprehension disorder and age-matched control 

(AMC) participants. Results from previous studies establish that for neurologically 

unimpaired individuals, immediate reactivation of a displaced element is found at the gap 

(verb offset) for sentences that contain syntactic dependencies (Love & Swinney, 1996; 

Love, Swinney, Walenski, & Zurif, 2008; Shapiro, Oster, Garcia, Massey, & Thompson 
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1999; Tanenhaus, Boland, Garnsey, & Carlson, 1989). Critically, for unaccusative verbs 

the reactivation of a displaced element is not found until 750 ms downstream from the 

gap in unimpaired individuals (Friedmann et al., 2008). Compared to neurologically 

unimpaired subjects, individuals with Broca’s aphasia exhibit a delayed time course of 

lexical activation, and reactivation (500 ms post verb offset; Burkhardt, Avrutin, Piñango, 

& Ruigendijk, 2008; Love et al., 2008; Ferrill, Love, Walenski, & Shapiro, 2012).  

In the original research study presented in chapter 7, reactivation of the displaced 

noun phrase was probed at four time points (indicated in superscript below), verb offset, 

500 ms post verb offset, 750 ms post verb offset and, 1250 ms post verb offset during 

sentences such as (1).  

(1) The tailor from East Orange, New Jersey disappeared <the tailor>1 after2 the3 

ridiculously4 uninspiring self-help seminar. 

The verb offset and 750 ms post verb time points are the same time points included in 

Friedmann et al., 2008. Inclusion of the 500 ms post verb position was included because 

reactivation of a displaced element was found at this time point for IWBA with other 

sentences that contain a filler-gap syntactic dependency. The 1250 ms point was included 

to test whether IWBA exhibit an even further delay compared to AMC participants. 

Reactivation of the displaced argument was found at the 750 ms post verb position for the 

AMC participants. These results provide a replication of Friedmann et al. (2008). IWBA 

exhibited reactivation of the displaced argument at the 500 ms post verb position, a time-

course similar to that found in other sentences that contain syntactic dependencies. While 

the time-course of the two participant groups differ, results provide evidence that IWBA 

do not exhibit a delay in lexical reactivation compared to AMC participants with 
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unaccusative verbs. Of particular importance to the goals of this dissertation, these results 

indicate that IWBA are sensitive to the unaccusative property during auditory sentence 

processing.  

Having established that IWBA are sensitive to the unaccusative property, Chapter 

8 compared the final comprehension of two sentence constructions that contain 

unaccusative verbs to test the Intervener Hypothesis. Unaccusative verbs were embedded 

in subject-relatives (2) that require the crossing of an intervening noun phrase of similar 

structure to process the syntactic dependency. They were also embedded in complement 

phrase constructions (3) that did not contain interveners.  

(2) The girl that observed the boy disappeared <the girl> into the trees. 

(3) The girl observed that the boy disappeared <the boy> into the trees. 

AMC participants demonstrated above chance comprehension of both sentences types. 

Similar to the AMCs, IWBA demonstrated above chance comprehension for the 

complement phrase constructions.  However, results for the subject-relatives differed 

from the AMCs, where IWBA demonstrated chance comprehension. Performance in the 

complement phrase constructions further support that IWBA are sensitive to the 

unaccusative property and have intact comprehension of sentences that contain 

unaccusatives.  Compromised performance in the subject-relative constructions provide 

strong support for the Intervener Hypothesis and suggest that the presence of a 

structurally similar noun phrase between the elements of the syntactic dependency leads 

to similarity-based interference that detrimentally impacts comprehension. The novelty of 

this finding is underscored by noting that IWBA typically do not have difficulty 

comprehending subject-relative sentences because they follow canonical word order. The 
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work presented in Chapter 8 reflects that it is only when an unaccusative verb is 

embedded in these constructions that difficulty arises.  

Chapter 9 extends the evaluation of the Intervener Hypothesis to determine if 

similarity-based interference is responsible for poor comprehension of subject-relative 

sentences that contain an unaccusative in IWBA. Chapter 9 also builds on the methods of 

previous chapters by employing a method sensitive to capturing moment-to-moment 

changes in sentence processing.  An eye tracking-while-listening task was used as it 

allows for determining if, when, and how interference occurs among the NPs in the 

sentence through the analysis of gazes to pictured referents. Subject-relative sentences 

that contain an unaccusative verb (4) were used to compare gaze patterns with IWBA and 

AMC participants. 

(4) Last night at the Halloween party, the pirate that observed the wizard 

suddenly emerged <the pirate> before the costume contest.  

 Results from AMC participants aligned with our predictions: a greater proportion of 

gazes to the displaced NP was found at a post verb position indicating that sentence 

processing is not negatively impacted by an intervener. Results from IWBA also aligned 

with the predictions of the Intervener Hypothesis where no difference in the proportion of 

gazes to the displaced NP and the intervener were found. These results demonstrate that 

similarity-based interference caused by an intervener negatively impacts comprehension 

of subject-relative sentences that contain an unaccusative verb for IWBA. 

Chapter 9 also included the first semantic manipulation of an intervener to 

determine if semantically distinguishing an intervener from a displaced NP reduces 



 

 
 
 

161 

similarity-based interference during online sentence processing. The animacy of the 

intervener was manipulated so that it differed from that of the displaced NP (5).  

(5) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly emerged <the pirate> before the costume contest.  

With a semantically distinguished intervener, a greater proportion of gazes to the 

displaced NP compared to the intervener were found for both AMC and IWBA 

participant groups. These results suggest a processing advantage for semantically 

distinguishing NPs as it reduces observed similarity-based interference.  

An unexpected finding was revealed in Chapter 9, reactivation of a previously 

encountered NP after the verb for sentences that contain unergative verbs (6;7).  

(6) Last night at the Halloween party, the pirate that observed the wizard 

suddenly joked before the costume contest. 

(7) Last night at the Halloween party, the pirate that observed the pumpkin 

suddenly joked before the costume contest. 

This was unexpected as sentences that contain unergative verbs do not contain a syntactic 

dependency. For the AMC participants, an earlier time-course of reactivation was found 

in the unergative conditions compared to the unaccusative conditions. For the IWBA, 

reactivation was only found for the inanimate unergative condition, and in that condition, 

descriptively, gazes to the animate distractor also increased after the verb.  Therefore, I 

suggested that another process may be driving reactivation during the sentences that 

contain unergative verbs, thematic role assignment.  

In closing, every 40 seconds someone in the United States has a stroke and 

roughly 1/3 of those strokes result in aphasia (National Aphasia Association, 2016). A 
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study that investigated the impact of 60 diseases and 15 conditions on quality of life 

reported that aphasia had the largest negative effect on quality of life (Lam & Wodchis, 

2010). Determining the factors that contribute to the communication difficulties in 

individuals with aphasia are critical steps in assessment and treatment of aphasia. The 

findings presented in this dissertation have strong theoretical implications for the 

sentence processing deficits observed in Broca’s aphasia. They provide support for the 

Intervener Hypothesis which suggests that similarity-based interference caused by 

structural and semantic similarity is responsible for the patterns of sentence 

comprehension found with IWBA. This hypothesis is quite powerful as it generalizes to 

several different sentence types and suggests which ones should be comprehended well 

and which should not, and offers a single explanation for the response patterns. Thus, the 

account proposes a relatively small deficit with wide-ranging implications. If the deficits 

across many sentence types can be linked to similarity-based interference caused by 

structurally and semantically similar NPs it will serve to motivate the development of 

assessment and treatment for investigation.  
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