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Three experiments are described that explore the real-time access of verb

argument structures in a group of normal control subjects, a group of Broca's 

aphasic patients, and a group ofWernicke's aphasic patients. Specifically the study 

examines whether these subjects exhaustively access the thematic representations 

of verbs in active, passive cleft-subject, and cleft-object sentences. We find that 

our normal control subjects and Broca's aphasic patients are sensitive to the 

thematic properties of verbs, regardless of sentence type. Our Wernicke's aphasic 

patients do not show on-line sensitivity to this lexical property. We discuss these 

results in terms of multiple resources dedicated to specific sentence processing 

devices, a possible semantic deficit in Wernicke's aphasia, and a double

dissociation between the operation of accessing a verb's thematic properties and 

the operation of computing the trace-antecedent relation. 
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INTRODUCTION 

This thesis is concerned with sentence processing m a neurologically impaired 

population. It focuses on the real-time processing of verbs in sentences in order to help 

determine whether a group of Broca's aphasic patients, who are agrammatic in 

comprehension as well as speech, are sensitive to the argument structure arrangement of 

verbs in various sentence structures. 

It is generally agreed among linguists that the lexical representation of a word contains 

all the linguistically relevant information about the word that is not predictable from 

general rules (Tanenhaus & Carlson, 1989). The mental lexicon is considered one 

component of the stored linguistic knowledge of a language user. It contains the 

individual words of a language. The lexical entry for a word includes its phonology (i.e. its 

spelling, pronunciation and morphological characteristics), its membership in a major 

syntactic category, its semantic and/or conceptual structure, and the sentential 

environments it is allowed to enter. Much of what is considered to be syntax (i.e., the 

construction of well-formed phrases, clauses and sentences) is actually driven off lexical 

information. In fact, much of the richness of lexical representation that comes from 

semantic/conceptual and syntactic information becomes apparent only when one considers 

how lexical representation is interwoven with the syntactic and semantic/conceptual 

structure of the sentence. 

In this study we seek to link lexical representations to their real-time implementation. 

Previous representational accounts of sentence knowledge in aphasia (for example, 

Grodzinsky, 1986}, deal with what remains of a full-blown grammatical organization. For 
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example, subjects hear or see complete sentences and must then point to one of two 

pictures. Real-time processing accounts of aphasia are directed to only a very small part 

of sentence processing - to that early stage in which an entry in the lexicon is contacted 

and its meaning and structural properties are accessed for further syntactic and semantic 

analysis. In this study, the entries are verbs. 

Verbs are critical to sentence structure. They help specify the relations among the 

words in a sentence. For example, our grammatical intuitions tell us that the verb fix 

allows a direct object noun phrase (NP) to follow it, as in "Thomas fixed the toy". Yet, 

we intuitively know that it is incorrect to say, "Thomas fixed the toy to Mary". If we 

substitute the verb give for the verb fix, we feel comfortable saying, "Thomas gave the toy 

to Mary" . But, "Thomas gave the toy" sounds incomplete. We want to know where or 

how the toy was given. In other words, we intuitively know that a verb like fix can be 

followed by, at most, a direct object NP; and that a verb like give, if it is to be followed by 

a direct object NP, must also include a second NP (in this case, embedded within a 

prepositional phrase (PP)). So when we acquire verb labels in English (e.g., fix, send, and 

give) and understand what these verbs refer to in the real world, we also acquire the 

knowledge that they occur in particular structures. 

There is a rich body of evidence showing that some Broca's aphasic patients have 

trouble producing verbs (see, for example, Saffron, Schwartz & Marin, 1980; Lapointe, 

1985; Miceli, Silveri, Mocentini & Caramazza, 1986). There is also evidence suggesting 

that the deficit in those Broca's aphasic patients who are agrammatic in comprehension as 

well as production can be explained by reference to that part of the grammatical system 

that assigns the thematic roles entailed by a verb (e.g. Agent of action, Theme of action, 

Goal of action, etc.) to a sentence's noun phrases (Grodzinsky, 1990; Schwartz, 

Linebarger, Saffron & Pate, 1987). Broca's aphasic subjects perform above chance when 
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asked to comprehend simple sentences with a subject, verb, and object (in NP-V-NP 

order). In these sentences, thematic role assignment is rather straightforward and 

transparent; Agent is assigned to the first NP, and Theme (or Patient) to the second NP 

occurring in the surface form. When they are asked to comprehend more complex 

sentences, where noun phrases have been moved out of their canonical positions, 

sentence-picture matching performance drops to chance. With these sentences, thematic 

role assignment is "less transparent"; they do not map one-to-one by order of mention in 

the surface string. Evidence suggests that in order for thematic roles to be fully assigned 

during parsing, the verb's relevant representations must first be activated. Is it possible 

that thematic activation is disrupted in Broca's aphasia when complex sentences are 

involved? We explore this question in the experiments to follow. Also, it has been 

suggested that Wernicke's aphasia results in a "semantic" deficit. Since thematic roles 

carry semantic information, we seek also to determine whether or not Wernicke's aphasic 

patients are normally sensitive to thematic information. 

This study is organized as follows: First, I will summarize representational issues 

involved in specifying the lexical entries of verbs. Next, I will review recent literature on 

sentence processing in neurologically intact subjects. In order to gain an understanding of 

how a system is disrupted, one must first know how it is organized. I will then 

concentrate on relevant neurolinguistic literature, including a limited discussion of aphasic 

syndromes and theories about agrammatic Broca's aphasia. Finally, I will describe three 

on-line sentence comprehension experiments designed to investigate how verb 

representations are implemented in various sentence types by an agrammatic Broca's and 

Wernicke's aphasia population. 
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REPRESENTATIONAL ISSUES 

To understand issues involved in language processmg, one must have at least a 

rudimentary knowledge of linguistic representation, a theory of the information base used 

by the language processing system. The approach employed here borrows from the 

Government-Binding framework (Chomsky, 1986). 

Phrasal (and clausal) information that is derived from the lexical entries of verbs is 

formally known as strict subcategorization (Chomsky, 1986). Part of strict 

subcategorization information is predictable from the real world contingencies of language 

use. For example, when we learn the label for the concept of run, as in, "John ran into the 

room", we learn that the verb run expresses the concept "motion" and describes a path in 

which somebody goes somewhere (the path is incorporated syntactically as a PP- its strict 

subcategorization). When we learn the label for the concept of give, as in, "Sue gave the 

present to Alice", we also learn that we always have to give something to someone (a 

Goal), and that the action of giving something to someone entails a path along which the 

object metaphorically travels. This type of information is reflected in lexical conceptual 

structure (lcs), or "semantics". The theory of lexical conceptual structure (Jackendoff, 

1990) encompasses the notions of "thematic roles" and "argument structure". Thematic 

roles are theoretical notions like Agent-of-action, Theme-of-action, Goal-of-action, etc. 

Argument structure is defined as the number of logical arguments or participants assigned 

by a predicate. For present purposes, the term argument structure will be used generically 

to describe the semantic and thematic information about a predicate. 

As an example of argument structure, the verb fix requires two participants, each 

occupying an argument position in the sentence, as in: 
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1. [John Agentl fixed [the airplane Themel 

One of these arguments is assigned the role of Agent, while the other argument is assigned 

the role of Theme. With this argument structure information, the lexical representation for 

fix in English looks something like this. 

2. fix V - lexical category 

/flks/ - phonology 

LNP]- strict subcategorization 

(Agent Theme)- 'argument structure' 

The entry in (2) expresses both the syntactic and semantic character of a grammatically 

correct sentence in which the lexical item is contained. Sentences containing the verb fix 

that vary from the lexical representations in (2) are ungrammatical. The grammatical 

constraints involved in the interaction of the lexicon and the sentence are captured in what 

is known as the Projection Principle: 

3. Projection Principle: Lexical properties (derived from lexical entries) are 

observed at all levels of syntax. 

The lexical entry for fix reflects what we know about the verb: that it entails a direct 

object NP position to which the role of Theme can be assigned. The Projection Principle 

requires that this lexical property be syntactically represented. Consider the following 

examples: 
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4a. John fixed clocks. 

4b. John fixed the airplane. 

4c. • John fixed. 

4d. *John fixed clocks the airplane. 

4e. The airplane was fixed by John. 

In sentences ( 4a) and ( 4b ), the verb fix is followed by a singular NP. It has two thematic 

roles to assign to the argument positions in the syntax: Agent to the subject argument, and 

Theme to the object argument. Thus, (4a) and (4b) are well-formed since there are two 

argument positions represented in the syntax. In sentence ( 4c ), fix is not followed by a 

NP. There is no direct object position in the sentence to which the role of Theme can be 

assigned. (4c) is therefore rendered ungrammatical and ill-formed by the Projection 

Principle because the lexical properties of the verb are not satisfied in the sentence. This 

violation agrees with our grammatical intuition, which tells us that the sentence is not 

complete. Sentence (4d) is ill-formed and unacceptable in the English language as there 

are two NPs following the verb, which is in violation of the Projection Principle because 

the lexical properties of fix require only one NP following the verb. 

Sentence (4e) appears to be in violation of the Projection Principle and would seem to 

be unacceptable. The lexical entry fix must be followed, in a sentence, by a singular direct 

object. This condition appears not to have been met in sentence ( 4e ), yet it intuitively 

seems to be grammatically well-formed by native English speakers. Indeed, sentence (4e) 

is not a violation of the Projection Principle and is actually a grammatically acceptable 

sentence. There is a direct object after the predicate but it has been moved to sentence

initial position by a transformation. The subject NP that would normally precede the verb 

has been moved, also by transformation, to sentence-end position. The structure that 
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exists before the transformations is called the underlying or d-structure. The structure 

that exists after the transformations is called the s-structure. These two levels of 

representation, d-structure and s-structure, are related to each other by transformational 

rules that can move constituents around (there are constraints on movement, but such 

linguistic theorizing is not within the scope of this thesis). 

The underlying structure in ( 4e) is consistent with the Projection Principle in that the 

verb fix requires a singular direct object NP position. In passive sentences like ( 4e ), a 

transformation moves an NP from object position at d-structure; this leaves a trace - an 

abstract, phonologically unrealized marker - In the vacated position at s-structure, and the 

trace is linked to the moved NP by a mutual index. 

5a. [e] was fixed the airplane by John ( d-structure) 

5b. The airplane; was fixed[NPtrace]; by John (s-structure) 

The sentence in s-structure ( 5b) is at the level that most determines what a listener 

hears. Progressing from d-structure to s-structure, it is apparent that traces are crucial for 

semantic interpretation: for determining who does what to whom. Skipping some details, 

empty category -e- in the underlying structure of (5a) is in the subject position while the 

NP - the airplane - is in the direct object position. The direct object NP is forced to move 

into the empty position, leaving behind an NP trace. Thus both the underlying and s

structure representations conform to the lexical properties of the verb and Projection 

Principle. 

Another type of lexical information that is derived from the lexical entries of verbs is 

argument structure. Argument structure characterizes the number of arguments that is 

associated with a verb. Each argument requires a thematic role assigned by the verb. 
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Verbs can be classified according to their argument structures. For example, "pure" 

transitive verbs allow for one possible two-place argument structure, as in: 

6. [Mary] fixed [the broken toy] 

AGENT THEME 

"Dative" verbs allow two possible argument structures - two-place and three-place. 

Consider the verb ~: 

7a. [Tom] carried [the dog] 

AGENT THEME 

7b. [Tom] carried [the dog] [to the hospital] 

AGENT THEME GOAL 

Some dative verbs, like send, allow some of their arguments to alternate: 

Sa. [Adami] sent [the package] 

AGENT THEME 

8b. [Adami] sent [the package] [to Mary] 

AGENT THEME GOAL 

8c. [Adami] sent [Mary] [the package] 

AGENT GOAL THEME 

8 



' 

Even though the two arguments (Theme and Goal) can be interchanged, as in (8b and 8c ), 

they both contain the same argument structures with the same thematic roles (AGENT 

THEME GOAL). 

Verbs not only select for different sets of"simple" thematic roles like Agent, Theme and 

Goal, they also select for complements having more complex semantic realizations 

(Grimshaw, 1979, 1990; Pesetsky, 1983). For example, some of these verbs allow for two 

possible argument structures (hence, Shapiro and colleagues call these "two-complement" 

verbs). Consider the verb claim: 

9a. [Pamela] claimed [the gift] 

AGENT THEME 

9b. [Pamela] claimed [that her purse was stolen] 

AGENT PROPOSITION (P) 

"Four-complement" verbs allow for four possible argument structures. Consider the verb 

remember: 

lOa. [Bob] remembered [the letter] 

AGENT .THEME 

lOb. [Bob] remembered [that the letter was funny] 

AGENT PROPOSITION (P) 

1 Oc. [Bob] remembered [what a funny letter it was]! 

AGENT EXCLAMATION (E) 

1 Od. [Bob] remembered [why the letter was funny] 

AGENT QUESTION (Q) 
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Four-complement verbs thus, in effect, generate more hypotheses about sentence structure 

than two-complement verbs. 

Related to the notion that verbs project their lexical properties onto syntax is the 

distinction between an argument of the verb and an adjunct. This distinction is implicit in 

the organization of verb lexical entries. An argument is idiosyncratically selected by the 

verb; it forms part of the verb's entry in the lexicon. It is assigned its thematic role by the 

verb. An adjunct is not selected by particular verbs; it can appear in a sentence with any 

verb. Though an adjunct contributes to the meaning of a sentence, its "semantics" is not 

entailed by the verb, thus it does not need to be specified as part of a verb's entry. 

Consider the difference between arguments and adjuncts: 

11. Sally sent the car to the garage (Argument) 

12a. Sally fixed the car in the garage (Adjunct) 

12b. [Sally fixed the car] [pp in the garage] 

12c. Sally fixed [NP the car in the garage] 

In sentence ( 11) the dative verb send assigns three thematic roles to its arguments: 

AGENT to the NP Sally; THEME to the NP the car; and GOAL to the NP the garage 

(within the prepositional phrase (PP) to the garage). In (12a), the transitive verb fix 

assigns only two thematic roles to its arguments: AGENT to the NP Sally, and THEME 

to the NP the car. The PP in the garage in (12a) is considered an adjunct- its meaning is 

not inherent in the verb's representation or "meaning". Additionally, locative PP's like 

under the table, in the house, etc. can be ambiguous, unlike arguments. In sentence (12a) 

it is not clear what the constituent PP in the garage modifies. It can be interpreted as 
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modifying the NP and VP, in. which case it would be interpretable as "it was in the garage 

where Sally fixed the car. In this case, the PP is a separate syntactic constituent, as shown 

in (12b ). However, it can also be interpreted as "Sally fixed the car that happened to be 

placed in the garage". In this case, in the garage modifies the car and, as shown in (12c), 

it is part of the direct object NP. Finally, a verb's argument can either be obligatory or 

optional. Adjuncts are always optional. 

In summary, lexical entri«?s for verbs include both strict subcategorization and 

argument/lexical-conceptual structure, thereby expressing the general syntactic and 

semantic character of a sentence in which a verb is contained. I will now show how these 

various linguistic constructs, that is, lexical properties, arguments and adjuncts, movement 

types, and traces and antecedents, all affect sentence processing in normal and brain 

damaged subjects. 

SENTENCE PROCESSING 

Neurologically Intact Population 

The sentence processing system operates on stored linguistic knowledge and includes 

operations geared to lexical activation with the goal of yielding a semantically interpretable 

sentence. Recent psycholinguistic and neurolinguistic work has shown that virtually all of 

the aforementioned linguistic constructs have lexical and sentence processing implications. 

In a series of psycholinguistic studies, Shapiro and colleagues (Shapiro, Zurif & 

Grimshaw, 1987, 1989; Shapiro & Levine, 1990; Shapiro, Brookins, Gordon, & Nagel, 

1991) sought to explore whether thematic representations might have an effect on verb 

processing during on-line sentence comprehension in ·a neurologically intact (normal) 
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population. Their hypothesis rests on the theory that multiple sets of thematic roles are 

activated once a verb is encountered during a parse (for similar claims see Rayner, Carlson 

& Frazier, 1983; Tanenhaus & Carlson, 1989). Defining complexity in terms of the 

number of possible arguments each verb group allows, it was predicted that pure 

transitive verbs, which allow for one possible two-place argument structure (e.g., AGENT 

THEME} are less complex than dative verbs, which allow for both two- and three-place 

argument structures ([AGENT THEME] [AGENT THEME GOAL]). Two-complement 

verbs ([AGENT THEME] [AGENT P], each of which allows for two possible argument 

structures were predicted to be less complex than four-complement verbs ([AGENT 

THEME] [AGENT P] [AGENT E] [AGENT Q]), which allow for four possible argument 

structures. 

Shapiro and colleagues ran a series of experiments using a dual-task interference 

paradigm designed to measure the effect oflexical (verb) complexity. While a subject was 

listening to a taped sentence for meaning (tapes contained recordings of sentences 

delivered at normal speaking rates}, a visual display of a letter string requiring a lexical 

decision was presented in the immediate temporal vicinity of the verb. The subject was 

instructed to listen to the sentence for meaning while deciding whether or not the string of 

letters formed an English word. Subjects were required to show understanding of the 

sentences by paraphrase or repetition. The lexical decision probes, when forming English 

words, were controlled for frequency of occurrence (Francis & Kucera, 1982}, mean 

number of letters, and syllable structure. They did not continue the sentence in any 

meaningful way and were not related to the sentence. 

This cross-modal lexical decision (CMLD) task carries with it a number of assumptions. 

When the lexical probe is presented immediately after the verb, it is assumed that the 

CMLD will reflect local sentence processing load in the immediate vicinity of the verb. 
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The primary task of engaging the representation of verbs in sentences competes with the 

secondary (lexical decision) task for the same limited resources. As the verb becomes 

more representationally complex in terms of argument structure possibilities, a trade-off 

should occur between the primary and secondary tasks that is reflected by longer reaction 

times for the lexical decision. Such assumptions involving the effects of cognitive load on 

secondary tasks have been successfully exploited in previous work (see, e.g., Clifton, 

Frazier & Connine, 1984; Swinney, 1979). Indeed, this task has been successful in 

measuring the time-course of sentence processing, including lexical-level effects (e.g., 

Shapiro et al., 1987, 1989; Boland, in press). Shapiro and colleagues (Shapiro et al., 

1987, 1989) found that transitive verbs yielded significantly faster reaction times (RTs) 

than the other verb types. Next in terms ofRTs to the secondary task were dative verbs 

and two-complement verbs, whose RTs did not significantly differ from one another. The 

RTs from the secondary task in sentences containing the four-complement verbs were 

significantly slower than the RTs involved in the other verb types. 

These data support claims that (1) the amount of information represented with a verb in 

its lexical entry affects sentence processing, and (2) that the number of possible argument 

structures contribute to processing complexity. Furthermore, these data were interpreted 

as showing the momentary exhaustive activation of all of a verb's possible argument 

structure (PAS) possibilities, which is costly in terms of RTs to the CMLD task; verbs 

with more argument structure arrangements yielded longer RTs than verbs with fewer 

argument structure arrangements. 

In a follow-up study, Shapiro and colleagues (Shapiro, Zurif & Grimshaw, 1989) 

manipulated sentence structure to determine whether or not the apparent exhaustive 

activation ?f multiple argument structures would be observed when verbs were contained 

in sentences that were biased toward one particular · argument structure. Biasing was 
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accomplished in two ways: for transitive and dative verbs it was accomplished by moving 

all possible arguments into a pre-verbal position via passivized construction, as in: 

13. It was [to the boy] that [the bike] was sent* yesterday. 

For two-complement and four-complement verbs, biasing was accomplished by moving a 

sentential clause argument with the semantic role PROPOSITION into a pre-verbal 

position via passive construction, as in: 

14. [That the answer was wrong] was discovered* by the boy. 

By the time the lexical probe (*) was encountered (at the verb), only one thematic 

possibility would be "evident" to the processor. For example, the four-complement verb 

discover allows an (AGENT THEME), · (AGENT PROPOSITION), (AGENT 

EXCLAMATION), and (AGENT INTERROGATIVE). The sentence in the experiment 

is biased solely to the (AGENT PROPOSITION) structure. 

The design ofthe Shapiro et al., (1989) experiment offered two predictions. If fronting 

the arguments had served to limit the activation of a verb's multiple argument structure 

possibilities to the one that is already apparent in the surface form of the sentence, then 

context would have been shown to influence verb processing during sentence 

comprehension. If this proved to be the case, no significant difference (in terms ofRTs) 

should occur between two verb categories that differed in terms of argument structure -

since only one argument structure would need to be activated in any case. If, however, 

lexical pro~essing is an independent part of grammatical processing, uninfluenced by other 

forms of grammatical information, then the verb's complexity should exert an effect no 
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matter what grammatical information is available in the sentence prior to the verb. In 

other words, when the verb is encountered, all possible argument structure arrangements 

for that verb should be activated regardless of the fact that only one particular argument 

structure is apparent beforehand. This pattern was indeed found to be the case. 

Borrowing from Fodor's modularity thesis (Fodor, ·1983) which states that the cognitive 

system is divided into input and central processing subsystems, Shapiro et al. (1989) 

claimed that verb processing in sentences involves a contextually impenetrable 

subcomponent of the language comprehension system. Input processes are hypothesized 

to be mandatory and encapsulated - uninfluenced by information external to their domain 

during their course of operation. The grammatical processing system is claimed to be one 

such input system (Fodor, 1983; Pylyshyn, 1980; Grodzinsky & Shapiro, 1988). Such 

evidence for the contextual impenetrability of an information access system has been taken 

as support for the "modularity thesis" (see also Swinney, 1979, 1982). 

In summary, sentence processing in a normal population has been shown to be affected 

by the amount of information represented in a verb's lexical entry. The apparent 

exhaustive activation of multiple arguments, regardless of sentence structure, may be 

necessary for the following reason: To interpret a sentence, a verb's thematic information 

must be mapped onto the syntax (arguments) of the sentence. This information must be 

accessed first, and that is what Shapiro and colleagues have shown experimentally. I will 

now tum to accounts from sentence processing in a neurologically-impaired population. 

Neurologically Impaired Populations 

Neurolinguistics is concerned with the linguistic disturbances that accompany physical 

damage to parts of the nervous system. In brain damage, partial loss is of special interest 
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to cognitive scientists for it often provides an opportunity to peer into a part of the 

cognitive machinery and get a glimpse of some of the processes that underlie our mental 

life. The specific type of brain damage that neurolinguists study manifests itself in a 

language-specific dysfunction called aphasia. 

Aphasia is an acquired disorder of language due to cortical damage. The language 

disruptions appear to be ·selective; lesions in different locations seem to undermine 

language in different ways. The study of aphasia is of psycholinguistic interest in that it 

might shed light on normal language processing. The purpose in this regard is to supply 

insight that will help determine whether there are isolable components of the language 

processing system, whether these subcomponents are describable in terms of levels of 

representation in linguistic theory, and whether they can be associated with speCific areas 

of the brain. 

There are several types of aphasias, perhaps relating to different localized areas of the 

brain. For the purpose of this study, I will limit my description to Broca's aphasia and 

Wernicke's aphasia. 

Broca's aphasia most often results from damage to the left frontal lobe of the brain, 

including what is now known as Broca's area. This area involves at least that portion of 

the cortex (the third frontal convolution of the dominant hemisphere) that lies just anterior 

to the primary motor zone for the muscles of the lips, tongue, jaw, palate, vocal cords, and 

diaphragm - that is, anterior to the cortical area for the muscles serving speech. Broca's 

aphasia is of particular interest to neurolinguists because it is argued to represent a 

selective loss of syntax, thereby providing evidence in support of the existence of a 

syntactic component of the language processor (Zurif, 1990). Although clinical 

characteristics vary, Broca's aphasic patients, in general, produce little speech, and do so 

slowly, with effort and with poor articulation. Their speech is often "agrammatic": closed-
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class grammatical morphemes of minor lexical categories (determiners, auxiliaries, and 

other function words) tend to be omitted, and there is a corresponding reliance on open

class items - mostly on nouns, and, to a lesser extent, on verbs; the latter often appearing 

in nominalized form (Goodglass & Kaplan, 1972; Lecours, Lhermitte & Bryans, 1983). 

Wernicke's aphasia usually results from a lesion in the posterior region of the left 

hemisphere (known as Wernicke's area). It is adjacent to the cortical region known to be 

involved in auditory processing. In general, Wernicke's aphasic patients often produce 

fluent speech that is rapid and effortless. · There are usually no omissions of closed class or 

function word vocabulary items; phrasal construction seems grossly intact, although 

features of sentence form can sometimes be aberrantly produced. Importantly, Wernicke's 

aphasic patients show a marked comprehension deficit (Goodglass & Kaplan, 1972; 

Lecours et al., 1983). 

There is · recent evidence suggesting that the comprehension deficit after left anterior 

brain damage (in Broca's area), but not after left posterior damage (in the Wernicke's 

area), can be traced to a slowing in the access of lexical information and to a 

corresponding failure to provide information at the right time in the processing chain of 

comprehension (Swinney, Zurif & Nicol, 1989; Prather, Shapiro, Zurif & Swinney, 1991). 

It has been fairly well established that, for normal subjects, semantic priming of multiple 

interpretations of a polysemous noun occurs in the immediate vicinity of the noun during 

comprehension. However, at a point past the noun in a sentence, only the contextually 

relevant interpretation remains primed (e.g., Swinney, 1979; Nicol & Osterhout, 1988). 

Consider the following: 

15. It was such a nice day for fishing that Jack headed down to the bank* with his 

• gear .. . 
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When subjects were asked to decide, immediately after the noun bank, whether or not the 

probes "SHORE" and "MONEY" are English words, their reaction times were faster (i.e., 

primed) than their RTs when asked whether "NOISE" is a word. It was reasoned that this 

was the case because both "SHORE" and "MONEY" relate to bank while "NOISE" does 

not. When the sentence is tapped well past bank, priming for the contextually irrelevant 

meaning "MONEY" diminishes to that of the baseline word "NOISE" (Swinney, 1979). 

That is, at the noun, sentential context has little effect on the exhaustive access of multiple 

meanings. It does not matter toward which meaning the sentence is biased~ all probes 

contextually relevant to the noun are primed. This finding has been taken as evidence for 

the contextual impenetrability - or modularity - of lexical access. 

Swinney, Zurif & Nicol (1989) used the same paradigm as Swinney (1979) with an 

aphasic population. They found that both normal (control) subjects and "fluent" aphasic 

subjects (who had suffered posterior cortical damage) normally accessed both the most 

frequent and less frequent meaning of a polysemous noun regardless of context. The 

group of agrammatic Broca's aphasic subjects (who primarily suffered anterior frontal lobe 

cortical damage) primed only for the most frequent interpretations of the polysemous 

nouns. In sentence (15), for example, these subjects would prime for only "MONEY" 

when the sentence was tapped immediately after the noun bank. What is particularly 

interesting. is that the subjects primed for the most frequent interpretation of the 

polysemous noun regardless of contextual bias (the context in this sentence is biased 

toward the secondary interpretation: "SHORE"). This pattern implies that the lexical 

access module is still relatively intact. 

Swinney et al. (1989) deduced that the anterior lesions responsible for agrammatic 

Broca's aphasia results in a protracted rise-time for lexical access. The hypothesized 
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account . is as follows: In the normal operation of lexical access, all meamngs for a 

polysemous noun are accessed quickly and serially in terms of frequency of occurrence 

(see Simpson & Burgess (1985) for evidence of serial access for meanings of polysemous 

nouns). · Lexical access is slowed after anterior cortical damage. Because of "slowed" 

lexical access, for agrammatic Broca's aphasic subjects priming occurs only for the most 

frequently occurring meaning for a polysemous noun in the immediate vicinity of the noun. 

Less frequently occurring meanings are primed "downstream" from the noun (though such 

e~dence for downstream e~ects have not yet been forthcoming). 

Given agrammatic Broca's aphasic patients' well-established problems with verbs, and 

Swinney et al. 's suggestion of a slow rise-time for lexical access in general, Shapiro & 

Levine (1990) sought to discover whether agrammatic Broca's aphasics access all possible 

argument structures for a verb the way that they access all meanings for a polysemous 

noun. In other words, they investigated whether agrammatic subjects show a normal time

course of thematic activation, or whether they show a protracted riSe-time pattern like 

they show with polysemous nouns. 

Shapiro & Levine (1990) used the CMLD interference task to present NP-V-NP-PP and 

NP-V-S' (S' =sentential clause) sentences to three subject groups: normal control subjects 

(matched in gender, age and education level to the aphasic groups), agrammatic Broca's 

aphasic subjects, and fluent aphasic subjects. Transitive, dative, two-complement, and 

four-complement verbs were embedded in canonically formed sentences in order to 

determine whether Broca's aphasic patients are normally sensitive to a verb's argument 

structures, and therefore to its thematic roles. The probes for the secondary lexical 

decision were placed either immediately after the verb or further downstream (immediately 

after the preposition) to determine whether the mental device that activates the verb and 

its argument structures operates in a normally fast-acting and automatic fashion during 
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sentence comprehension. Results showed that when the probes were placed immediately 

after the verb, both the agrammatic Broca's aphasia group and the normal control group 

seemed to activate all thematic possibilities for a verb. When the probes were placed 

downstream, no effects of thematic activation were observed. Data from the agrammatic 

Broca's subjects suggest (1) that they are indeed sensitive to a verb's predicate-argument 

structure, and (2) that the mental device that activates the verb and its argument structures 

operates in a normally fast-acting automatic fashion. The Wernicke's aphasic group, 

however, did not show normal sensitivity to the argument structure of verbs. 

· Like Shapiro and colleagues' earlier work, the Shapiro and Levine . results lend support 

to the notion that once the verb is accessed, so too are its argument structure 

arrangements. However, all target sentences were in canonical order (e.g., NP-V-NP-PP) 

with no moved constituents. This particular population of Broca's aphasic patients had 

little or no trouble understanding these sentences. When constituents are moved, 

however, as in passive and obj~ct-cleft sentences, these aphasic patients have trouble 

identifying "who did what to whom" and thus and sometimes lose the meaning of the 

sentence. There is, therefore, the possibility that sentences involving more complex 

structures (with moved constituents) suffer greater degradation in real-time sentence 

processing than sentences with less complex structures. 

Indeed, Frazier and Friederici (1990) suggest that agrammatic comprehension can be 

best explained by the complexity of the chain of inferences required to retrieve correct 

grammatical structure. The longer the inferential chain, the poorer the agrammatic 

comprehension performance (Frazier & Friederici, 1990~ Friederici & Frazier, 1990). 

Inferential chains are loosely described as the number of judgments required to interpret 

arguments that have been moved from their original position in d-structure. Consider, for 

example, the structural transformation in the following passive sentence: 
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16a. [ e] was kicked the boy by the girl ( d-structure) 

16b. [NP the boy] was kicked [NP t] by [NP the girl] (s-structure) 

In order to move fi:om d-stru.cture to s-structure, the direct object noun phrase the boy 

must · move into the empty subject position ([ e ]}, leaving behind a trace. Similar 

constituent movement occurs in cleft object sentences. Consider the following: 

17a. It was kicked the boy [COMP] [the girl kicked the boy] (d-structure) 

17b. It was [NP the boy]j [who]; [NP the girl] kicked [NPI] ( s-structure) 

A transformation obligatorily moves the direct object NP to its final position in the surface 

realization of the sentence, leaving behind a "trace" (t) of that movement that is co

indexed (i) with the moved NP. The "landing site" for the moved constituent in ( 17b) is 

the position marked COMP in (17a). COMP stands for complementizer and is lexically 

related to such complements as "who" or "that". 

The Complexity Limitation Hypothesis of Frazier and Friederici presupposes that 

agrammatic patients attempt to use the grammar of sentences in their thematic 

assignments. It is based on three principles: (1) the grammar is intact; (2) input rate, 

memory span, and computational speed are related; and (3) the thematic processor is 

intact. Studies of "sentence complexity effects" (Goodglass, Burnstein, Gleason, Hyde, 

Green & Statlender, 1979; Haarmann & Kolk, 1990) have shown that sentences with 

more syntactic nodes give rise to more errors than sentences with fewer syntactic nodes 

for normal and agrammatic populations. Most sentences with moved constituents are 

more 'structurally dense' (that is, they have more phrasal nodes in their phrasal geometry) 
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than sentences without moved constituents; and a ·sentence with more phrasal nodes 

generally leads to more complicated processing routines than a sentence with less phrasal 

nodes (Frazier, 1978; Frazier & Rayner. i 982). Sentences with empty categories due to 

transformational movement are believed to have more inferential steps than corresponding 

sentences without empty categories because, in addition to all of the phrasal nodes of the 

latter structure, the relation between the displaced constituent and the empty category 

must also be recovered (Grodzinsky, 1984). For example, there is some evidence using 

some tasks that object cleft sentences are more difficult to process than passives, and both 

are more difficult than active and subject cleft sentences. (Caplan & Hildebrandt, 1988; 

Grodzinsky, 1990). Recall that in the passive sentence (16), there is one transformation 

which involves the movement of a NP to an empty subject position, leaving a trace. In the 

object-cleft example (17), there is a transformation that involves the movement of an NP 

to its final position, leaving a trace that is co-indexed with the moved NP. A "landing site" 

(COMP) for the moved constituent is also co-indexed with the moved NP. The object 

cleft sentence has more syntactic nodes in its geometrical structure and is therefore 

thought to be more 'structurally dense". Furthermore, Caplan et al. claim that their data 

are compatible with the possibility that some aphasic patients have an impairment in the 

use of working memory, since sentences with moved constituents involve searching back 

over the input for an antecedent to a trace. Indeed, Shapiro and colleagues (Shapiro, 

McNamara, Zurif, Lanzoni & Cermak, 1991) found this to be the case with another 

neurologically-impaired population -- Korsakoff's amnesiac patients. 

In summary, there is evidence from sentence processing of both normal and 

neurologically impaired populations that lexical (verb) and syntactic (sentence) 

representations contribute to the overall complexity of producing and understanding 

sentences. Furthermore, working memory may be impaired in some neurologically 
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impaired populations involving sentences with moved constituents. I will now report on 

three experiments designed to explore the interaction of verb complexity and sentence 

complexity in an aphasic population. 
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THE EXPERIMENTS 

The purpose of this study was to examine verb processing during on-line sentence 

comprehension in aphasia. In the following three experiments I explored whether a group 

of Broca's aphasic patients who are agrammatic both in speech production and 

comprehension are sensitive to the argument structure arrangements of verbs in various 

sentence structures. The paradigm employed involved charting sentence processing as it 

unfolds over time, allowing the linkage of iss.ues involving lexical representations to their 

real-time implementation. 

In each of the three experiments in this study, four verb types and two sentence 

structures were targeted. The four verb types (transitives, datives, two-complements, and 

four-complements) were used in all of the experiments. In each of the experiments, two 

sentence structures were targeted: one sentence type structured in canonical order (active 

or subject-cleft) and one sentence structure w~ere noun phrases have been moved out of 

their canonical positions (passive or object-cleft), leaving a "trace". Recall that 

agrammatic Broca's aphasic patients tend to understand sentences constructed in canonical 

order; when asked to understand sentences that are not in canonical order, comprehension 

drops to chance levels. In summary, each experiment in the study contained all four verb 

types in two targeted sentence structures: one structure easily understood by agrammatics 

and one structure not easily understood by the targeted population. 

The predictions were as follows: For the normal subjects, when the sentence is tapped 

in the immediate vicinity of the verb, those verb types that have more argument structure 

possibilities should yield longer RTs on the CMLD task than those verbs that have fewer 
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argument structure possibilities, regardless of sentence structure. Thus, transitive verbs 

should yield faster RTs to the CMLD task than dative verbs, and two-complement verbs 

should yield faster RTs than four-complement verbs. These were the patterns obtained 

when normal subjects were tested (Shapiro et al., 1987, 1989; Shapiro & Levine, 1990). 

When the sentence is tapped further downstream - in the immediate vicinity of the 

preposition - the cost associated with argument structure complexity should disappear. 

Thus, no significant R T differences among the four verb types should be observed. 

For the agrammatic Broca's aphasic subjects, like the normal subjects, it was predicted 

that the exhaustive activation of a verb's argument structure would be observed at the 

verb, regardless of sentence structure. At a point downstream from the verb, no 

significant RT differences among the four verb types should be observed. This study thus 

should support the claim that agrammatic Broca's aphasia subjects are indeed sensitive to 

predicate-argument structures in both canonical and noncanonical sentences, and that 

verbs and their argument structures are activated in these sentence types in a normally 

fast-acting and automatic way. If this proves to be the case, then the hypothesis that verb 

processing in sentences involves a contextually impenetrable subcomponent within the 

encapsulated grammatical system of the language comprehension system (Shapiro et al., 

1989) will be strengthened. 

For the Wernicke's aphasic subjects, it was predicted that no significant RT differences 

among any of the verb types should be observed, either at the verb, or at a point 

downstream from the verb. This pattern was observed when Wernicke subjects were 

tested with canonically constructed sentences (Shapiro & Levine, 1990). 

The three experiments were subdivided for purposes of analyses so that each experiment 

contained two parts. That is, Experiment 1 was made up of Experiments 1a and 1b; 

Experiment 2 consisted of 2a and 2b; the same held for Experiment 3. It is important to 
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note that each set of experiments was set up as a unit. The only difference between the 'a' 

and 'b' components was verb type. In Experiments la, 2a, and 3a, transitive and dative 

verbs were tested. In Experiments 1 b, 2b, and 3b, two-complement and four-complement 

verbs were targeted. 

Experiment 1 

The first set of experiments was designed to test exhaustive access of a verb's argument 

structure in sentences using two sentence types (active and passive). Four verb types 

were divided into two comparisons: a transitive/dative verb comparison, and a two

complement/four-complement verb comparison (see Appendix). 

Method 

Subjects. Three groups of subjects were included in all three experiments: a group of 

normal controls (n= lO) matched for age (range from 62 to 75 years) and education level 

to the aphasic groups:· a group of agrammatic Broca's aphasic subjects (n=6~ age range 

from 65 to 79 years)~ and a group of Wernicke's aphasic subjects (n=4~ age range from 56 

to 72 years). 

All subjects were right handed native speakers of American English who demonstrated 

an al:lility both to understand simple sentences and to read single words. They had normal 

(or correct-to-normal) visual and auditory acuity. Control subjects had no known history 

of neurological disorder. 

The ap4asic subjects were recruited from various medical facilities in South Florida, 

including Bethesda Memorial Hospital in Boynton Beach, Pinecrest Rehabilitation Center 
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in Delray Beach, and from the Boston V.A. Medical Center. These patients had incurred 

unilateral left hemisphere cortical damage from cerebral vascular accidents (CV As) due to 

either embolic or thrombotic events. They were diagnosed on the basis of performance 

profiles on the BDAE, W AB, or PICA, and by further clinical evaluations by speech

language pathologists and neurologists. The six Broca's aphasic patients presented with 

non-fluent and telegraphic verbal output and with relative sparing of auditory 

comprehension at the conversational level. On an independent sentence-picture matching 

task presented at the time of the experiment involving 10 each of reversible active, 

passive, cleft-object and cleft-subject sentences, all six subjects showed above chance 

performance on active and cleft-subject sentences, and at-chance performance on passives 

and cleft-object sentences; this is often the pattern found in the aphasia literature. Three 

of the four Wernicke's aphasic patients presented with fluent, relatively empty speech; one 

presented with 'fluent speech that appeared conversationally appropriate, though 

considerable word-finding problems .were observed. On the sentence-picture matching 

task presented at the time of the experiment, two of the Wernicke's aphasic patients 

performed above chance on both actives and passives, though in both cases performance 

was worse on passives; one subject performed at chance on all sentence types, and one 

performed above chance on actives and at-chance on passives. Thus the Wernicke's 

aphasic patients, unlike the Broca's aphasic patient group, performed inconsistently as a 

group on our screening measure; again, indicative of this group. 

Materials. Sentences featured verbs that varied in terms of their argument structure 

possibilities. Pure transitive verbs, allowing a ·single two-place (Agent Theme) argument 

structure, were compared to dative verbs, allowing both a two-place (Agent Theme) and a 

three-place (Agent Theme Goal) structure. In a separate set of analyses, two-complement 
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verbs, allowing (Agent Theme) and (Agent Proposition) possibilities, were compared to 

four-complement verbs, allowing (Agent Theme), (Agent Proposition), (Agent 

Exclamation), (Agent Interrogative) possibilities. 

For the transitive/ dative comparison, there were twelve verbs in each class. Each verb 

was inserted in two different sentence structures (active and passive), yielding a total of 48 

test sentences. These test sentences were included in a list of 160 sentences, some of 

which were designed to test the two-complement/four-complement comparison and others 

designed as foils. Both test sentence types were in the form NP-V-NP-PP before 

movement rules applied. Table 1 contains example sentences. 

For the two-complement/four-complement comparison, there were eight verbs in each 

class, Each verb was seen twice; once in its active form, once in its passive form, forming 

thirty-two test sentences (sixteen test sentences per probe position) overall. These test 

sentences were included in the list of test sentences and foils constituting the 

transitive/dative comparison. Example sentences are shown m Table 2. The only 

difference of relevance in these sentences are the verb types. 

Each transitive verb was paired with a dative verb, and each two-complement verb was 

paired with a four-complement verb, resulting in sets of paired sentences that were 

identical except for the verb. As shown in Tables 1 and 2, each passive sentence was the 

passivized form of its active counterpart. The order of sentences was counter-balanced so 

that in each verh structure pair, if the active transitive (or active two-complement) was 

seen first, its counterpart passive dative (or passive four-complement) was seen first. 

The prepositional phrases in all test sentences were adjuncts. Recall that adjuncts differ 

from arguments in that they are not considered part of the verb phrase, do not contribute 

to a verb'~ thematic contribution, and therefore do not form a part of a verb's lexical entry. 

The adjuncts used in this experiment were locatives, indicating place. The position of the 
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TABLE 1 

Verb Types/Sentence Types and Sentences Used in Experiment IA 

Verb type/Sentence type Sentence 

Transitive/ Active 

Transitive/Passive 

Dative/ Active 

Dative/Passive 

The artist exhibited* the masterpiece in the museum. 

The lady baked the cupcakes* at the fair. 

The masterpiece was exhibited in the museum* by the artist. 

The cupcakes were baked* by the lady at the fair. 

The artist restored the masterpiece* in the museum. 

The lady bought* .the cupcakes at the fair. 

The masterpiece was restored* by the artist in the museum. 

The cupcakes were bought by the lady* at the fair. 

( * denotes position of lexical decision probe) 
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TABLE2 

Verb Types/Sentence Types and Sentences Used in Experiment lB 

Verb type/Sentence type Sentence 

Two-complement/ Active The agent regretted* the burglary at the dock. 

The politician accepted the doctrine* at the town hall. 

Two-complement/Passive The burglary was regretted by the agent* at the dock. 

The doctrine was accepted* by the politician at the town hall. 

Four-complement/Active The agent discovered* the burglary at the dock. · 

The politician stated the doctrine* at the town hall. 

Four-complement/Passive The burglary was discovered by the agent* at the dock. 

The doctrine was stated* by the agent at the dock. 

( * denotes position of lexical decision probe) 
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locative adjunct in the sentence was balanced so that in half of the passivized sentences the 

adjunct came before the second argument~ in the other half it came after it. 

The description of the stimuli for the CMLD is the same for all experiments. The probes 

consisted of a number of letter sequences. Roughly half of the letter sequences in each 

experiment made up English words while the other halfwere "nonwords". The test probes 

in each experiment were real words that ranged from one to four syllables (averaging 2.33 

syllables), and had a Francis and Kucera (1987) frequency range of 50 to 300. The real

word filler probes had the same cha{acteristics as the real-word probes. The "nonwords" 

were produced from real words with the -same characteristics as well~ however, one letter 

was replaced, with the final result conforming to orthographic rules of English. 

Each test verb was placed in two sentence structures. In each of the two sentence 

structures one probe was placed, in one structure, at the verb, and in the other structure, 

at least three syllables downstream from the verb. As can be seen in Table 1, for example, 

the transitive verb exhibit shows a probe at the verb in its active form and downstream in 

its passive form. Its paired dative verb restore shows the probe downstream in its active 

form and at the verb in its passive form. This counterbalancing ensured that probe 

positions in sentences with each verb class were equally accounted for. There were two 

stimulus files quasi-randomly distributed to insure that the probes within each file were 

evenly distributed. Probes were carefully selected to be independent of the sentences 

(both semantically and phonologically) in which they were paired. 

Equipment. The sentences were recorded onto a Dell computer by a male speaker using 

normal rate and intonation, and were digitized onto one channel using a Super Sound 

stereo card and voice editing software. On the second channel, for each sentence, a 1000 

Hz tone was placed to coincide with the appropriate probe position. The digitized 
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sentences and associated tones were then recorded onto a Sony stereo cassette recorder. 

Attached to the tape recorder was a Uher dia-pilot, a device that read the tone (inaudible 

to the subject). The tone signaled a Dell computer to present the visual probe on the 

computer screen and simultaneously started a hardware clock that recorded the time 

between onset of the visual probe and subject response. Subjects indicated their lexical 

decision by depressing one of two response keys set into an external response panel, using 

their non preferred hand. The visual probe remained on the screen until the subject 

responded. RTLAB software (ver. 9; @Swinney & Wong, 1992) controlled the 

experiment, along with a clock card (Metrobyte CTM05). 

Procedure. The subjects were tested individually in three sessions approximately one 

week apart; the order of the experiments were randomized among the subjects. Subjects 

heard the sentences presented over headphones and were required to show their 

understanding by paraphrasing randomly chosen trials (20% of the total sentences). 

Subjects who could not verbalize appropriately (e.g. some nonfluent Broca's aphasic 

subjects) were required to either (1) point to one of two drawn pictures, one conforming 

to the sentence just heard, or (2) answer short questions about the sentence. Six potential 

subjects were rejected for failure to meet the criterion. During the course of each 

sentence, the CMLD task was presented either immediately after the verb or preposition in 

each test sentence, and also within the temporal vicinity of the first or last NP of other 

(foil) sentences. Subjects were required to determine as rapidly and as accurately as 

possible whether a particular visual probe fortned a word in English by pressing one of 

two response keys. Subjects performed a practice session consisting of 20 trials, in which 

some feedback was given, before each experimental session. No feedback was given 
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during the experimental sessions. The taped sentence was heard without interruption as 

the subject attempted the lexical decision. 

Results 

Transitive/Dative Analyses. Reaction time data for each subject group were analyzed 

sep~ately. First, RT's to the CMLD test probes that were responded to incorrectly were 

eliminated from further analyses. For the normal control subjects, 7% of the test 

sentences resulted in errors on the CMLD task; for the Broca's aphasic subjects, 6.5% of 

the test sentences resulted in errors; and for the Wernicke's aphasic subjects, 11% of the 

test sentences resulted in errors. These errors were approximately evenly distributed 

across transitive and dative verb types, verb and downstream probe positions, and active 

and passive sentence types. Next, outlier RT's for each subject were replaced. Outliers 

were defined as those RT's that were over two standard deviations above the subject's 

overall mean. The outliers were replaced by the overall mean for the subject. For the 

normal control subjects, 2.5% of the RT's to the test probes were identified and replaced 

by this data comb; for the Broca'a apha8ia subjects, 2% of the RT's; and for the Wernicke's 

aphasia subjects, 4.6%. These outliers were approximately evenly distributed across the 

cells. 

With the RT data in the form described above, a three-way repeated measures analysis 

of variance {ANOV A) was performed for each subject group, with verb type (transitive, 

dative), probe position (verb, downstream), and sentence type (active, passive) as within

subject factors. Table 3 contains the data used in the analyses. 

Analyses on the normal subject data: A main effect of verb type was observed. 

Transitive verbs (997.45 ms) resulted in significantly faster RTs on the CMLD task than 
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TABLE3 · 

EXPERIMENT 1: MEAN REACTION TIMES (IN MSEC) TO CMLD FOR SUBJECT 

GROUPS, PROBE POSITION, VERB (TRANSITIVE, DATIVE) AND 

SENTENCE (ACTIVE, PASSIVE) 

Sentence type 

Active Passive 

Subject Probe Transitive Dative Transitive Dative 

Normal Verb 977 1062 994 1076 

Downstream 1034 "1001 985 1008 

Broca Verb 1196 1303 1122 1245 

Downstream 1144 1141 1197 1172 

Wernicke Verb 1050 984 929 985 

Downstream 1029 1023 950 907 
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dative verbs (1036.78 ms), E (1,9) = 5.25, R = .04. A significant interaction between verb 

type and probe position was observed, E (1,9) = 11.79, R < .01. A test of simple effects of 

verb type at each probe position revealed a significant effect of verb type only in the 

immediate vicinity of the verb. Transitives (985 ms) yielded significantly faster RTs on the 

CMLD task than datives (1069 ms), E (1,9) = 15.73, R < .01. An examination of 

individual subject means revealed that eight of the ten normal control subjects showed the 

expected transitive/dative difference in actives, and nine of the ten in passives. No effects 

or interactions involving the sentence type variable were observed. 

An item-based ANOV A was performed in which verbs within each verb type· were 

treated as if randomly selected. Different from subject-based analyses, sentence type was 

not included as an independent variable. Because of the design of the experiment (that is, 

in order to view each verb as an item), I collapsed across verb types. A significant 

interaction between probe position and verb type was observed, E (1,11) = 5.87, R < .05 . 

Post-hoc Tukey's tests revealed that transitive verbs (971.87 ms) yielded significantly 

faster RTs on the CMLD task than dative verbs (1028.67 ms), t (II)= 2.301, R < .05, but 

only when probes were presented in the vicinity of the _verb. 

Analyses on the agrammatic Broca's aphasia subject data: A main effect of verb type 

was observed. Transitive verbs (1165 ms) yielded significantly faster RTs on the CMLD 

task than dative verbs (1215 ms), E (1,5) = 20.26, R < .001. A significant interaction 

between verb type and probe position was observed, E (1,5) = 20.20, R < .01. A test of 

simple effects of verb type at each probe position revealed a significant effect of verb type 

only when the CMLD probes were presented in the immediate vicinity of the verb. 

Transitives (1159 ms) yielded significantly faster RTs than datives (1274 ms), E (1,5) = 

61.40, R <_.001. An examination of individual subject means revealed that all six Broca's 

aphasia subjects showed the expected transitive/dative difference in active sentences and 
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five of the six in passive sentences. No significant effects or interactions involving the 

sentence type variable were observed. 

An item-based mixed-design ANOV A produced no significant effects or interactions 

involving the probe-position or verb type variables. 

Analyses on the Wernicke's aphasia subject data: The repeated measures ANOV A for 

this patient group revealed no significant effects or interactions. An examination of the 

individual subject means revealed no distinct group patterns. For example, one of the four 

subjects showed the expected transitive/dative distinction in active sentences and two in 

pass1ves. 

An item-based mixed-design ANOV A produced no significant effects or interactions. 

Two-complement/Four-complement Analyses. For the normal control subjects, 5% of the 

test sentences resulted in errors on the CMLD task; for the Broca's aphasia subjects, 4%; 

and for the Wernicke's aphasia subjects, 14%. The same search-and-replace procedure 

instituted for the transitive/dative comparison was performed with the complement verbs. 

For the normal control subjects, 3% of the RTs to the test probes were identified by the 

data comb and replaced; for the Broca's aphasia subjects, 2%; for the Wernicke's subjects, 

2.3%. Both the errors and outliers were approximately evenly distributed across the cells. 

With the RT data in the form described above, a three-way repeated measures ANOVA 

was performed for each subject group with verb type (two-complement, four

complement), probe position (verb, downstream), and sentence type (active, passive) as 

the within-subject factors. Table 4 contains the data used in the analyses. 

Analyses on the normal subject data: A main effect of verb type was observed. Two

compleme_nt verbs (1007 ms) yielded significantly faster RTs on the CMLD than four

complement verbs (1079 ms), .E (1,9) = 9.70, 12 = .01. A significant interaction between 

36 



TABLE4 

EXPERIMENT 1: MEAN REACTION TIMES (IN MSEC) TO CMLD FOR SUBJECT 

GROUPS, PROBE POSITION, VERB (TWO-COMP., FOUR-C~MP.) AND 

SENTENCE (ACTIVE, PASSIVE) 

Subject 

Normal 

Broca 

Wernicke 

Sentence Type 

Active Passive 

Probe Two-comp. Four-comp. Two-comp. Four-comp. 

Verb 968 1107 974 1093 

Downstream 1084 

Verb 1127 

Downstream 1234 

Verb 1049 

Downstream 949 

1085 

1256 

1197 

1033 

1020 

37 

1002 

1127 

1117 

1004 

967 

1031 

1223 

1136 

1021 

1074 



ver.l;> type and probe position was observed, E (1,9) = 8.29, 12 = .02. A test of simple 

effects of verb type at each probe position revealed a significant effect of verb type only in 

the immediate vicinity of the verb. Two-complements (985 ms) yielded significantly faster 

RTs than four-complements (1069 ms), E {1,9) = 16.41, 12 < .01. Eight of the ten subjects 

showed this expected pattern in active sentences and nine of the ten showed this pattern in 

passives. No significant effects or interactions involving sentence type were observed. 

An item-based mixed-design ANOV A revealed a significant interaction between probe 

position and verb type, E (1, 7) = 5.31, 12 = .0547. Subsequent post-hoc Tuckey's tests 

revealed a significant verb type effect only in the vicinity of the verb. Two-complement 

verbs (968.16 ms) yielded significantly faster RTs on the CMLD task than four

complement verbs (1100.37 ms), t (7) = 3.695, 12 < .01. 

Analyses on the Broca's aphasic subject data: Though two-complement verbs (1151 

ms) yielded faster RTs than four-complement verbs (1203 ms), this difference only 

approached significance, E (1,5) = 4.30, 12 = 0.09. The verb type by probe position was 

not significant, though four of the six subjects showed the normal two-complement/four 

complement distinction in active sentences and five of the six showed the normal pattern in 

passives. No significant effects involving sentence type were observed. 

An item-based-mixed-design ANOV A produced no effects or interactions involving the 

probe-position or verb type variables, although patterns suggestive of an interaction 

between probe position and verb type were . observed, but only at the verb (transitives 

yielded CMLD reaction times of 1176.56 ms~ datives yielded RTs of 1247.81 ms). 

Analyses on the Wernicke's aphasic subject data: The repeated measures ANOV A 

showed no significant effects or interactions for this group. One of the four subjects 

showed th~ normal two-complement/four-complement distinction in active sentences and 

one showed the distinction in passives. 
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An item-based-inixed-design ANOV A produced no significant effects or interactions for 

this group. 

A general discussion of the results of Experiments I, 2, and 3 will follow the 

descriptions and results of the individual experiments. · 

' EXPERUMENTl 

The second set of experiments was designed to test exhaustive access of a verb's 

argument structure in subject-cleft and object-cleft sentence structures. Recall that 

sentences with more syntactic nodes have been shown to give rise to more errors than 

sentences with fewer syntactic nodes for both normal and agrammatic populations 

(Goodglass et al., 1979; Haarmann & Kolk, 1990). 

Method 

Subjects. The same subjects performing Experiment 1 were used in both Experiment 2 

and in Experiment 3. · 

Materials. Sentences again featured transitive and dative verbs in one set of analyses, and 

two-complement and four-complement verbs in a separate set. These verbs were inserted 

in subject-cleft and object-cleft sentence structures. The same verbs were used in each set 

of the experiments (see Tables 1 and 2). So, for example, in the transitive/dative 

comparison in Experiment 1, the transitive verb exhibit was used in active and passive 

sentence structures; in the transitive/dative comparison of Experiment 2 it was used in its 

subject-cleft and object-cleft structures; and in the transitive/dative comparison of 
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Experiment 3 the same verb was seen in padded subject-cleft and padded object-cleft 

sentence constructions. The same was true for the· other three verb types: datives, two

complements and four-complements. The pairing of verbs also remained constant. For 

example, the two-complement verb regret was paired with the four-complement verb 

discover in the two-complement/four-complement comparison in Experiment 1 and 

remained paired with that verb for both Experiments 2 and 3. 

For the transitive/dative comparison, each verb was inserted in two different sentence 

structures (in this case subject- and object-clefts) yielding a total of 48 test sentences; 

these were included in a list of 160 sentences, some of which were designed to test the 

two-complement/four-complement comparison, and others designed as foils. See Table 5 

for example sentences. 

For the two-complement/four-complement comparison, each verb was seen twice; once 

in the subject-cleft sentence structure, and once in the object-cleft form, forming thirty

two test · sentences. These test sentences were included in the list of test sentences and 

foils constituting the transitive/dative compariso. Example sentences are shown in Table 6. 

The CMLD task, equipment and procedure were identical to those ofExperiment 1. 

RESULTS 

Transitive/Dative Analyses. For the normal control group, 4.2% of the test sentences 

resulted in errors on the CMLD task; for the Broca's aphasic group; 5 .5%; and for the 

Wernicke's aphasia group, 15%. The same search-and-replace instituted in Experiment 1 

was used here. For the normal control group, 4.2% of the RT's to the test probes were 

identified by the data comb and replaced; for the Broca's aphasia group, 5. 5%; and for the 

Wernicke's aphasia group, 3%. The errors and outliers were approximately evenly 
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TABLES 

Verb Types/Sentence Types and Sentences Used in Experiment 2A 

Verb type/Sentence type 

Transitive/Subject-cleft 

Transitive/Object-cleft 

Dative/Subject-cleft 

Dative/Object-cleft 

Sentence 

It was the valet who located* the sports car on the lot 

yesterday. 

It was the craftinan who made the furniture in the factory* 

last April. 

It was the sports car that the valet located on the lot* 

yesterday . . 

It was the furniture that the craftsman made* in the factory 

last April. 

It was the valet who delivered the sports car* on the lot 

yesterday. 

It was the craftsman who sold* the furniture in the factory 

last April. 

It was the sports car that the valet delivered* on the lot 

yesterday. 

It was the furniture that the craftsman sold in the factory* 

last April. 

( * denotes position of lexical decision probe) 
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TABLE6 

Verb Types/Sentence Types and Sentences Used in Experiment 2B 

Verb type/Sentence type 

Two-complement/Subject-cleft 

Two-complement/Object-cleft 

Four -complement/Subject-cleft 

Four -complement/Object-cleft 

Sentence 

It was the woman who claimed • the fur coat in the 

closet on Wednesday. 

It was the officer who expected the criminal* at the 

scene. 

It was the fur coat that the woman claimed in the 

closet* on Wednesday. 

It was the criminal that the officer expected* at the 

scene. 

It was the ·woman who recognized • the fur coat in 

the closet on Wednesday. 

It was the officer who detected the criminal* at the 

scene. 

It was the fur coat that the woman recognized in the 

closet* on Wednesday. 

It was the criminal that the officer detected • at the 

scene. 

( • denotes position of lexical decision probe) 
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distributed across all cells. 

With the RT data in the form described above, a three-way repeated measures ANOVA 

was performed for each subject group with verb type (transitive, dative), probe position 

(verb, downstream), and sentence type (cleft-subject, cleft-object) as the within-subject 

factors. Table 7 contains the data used in the analyses. 

Analyses on the normal subject data: A main effect of probe position was observed. 

Probes presented in the immediate vicinity of the verb (948ms) yielded significantly faster 

RTs than probes presented downstream (979 ms), E (1,9) = 7.92, 1! < .05 . A main effect 

ofverb type was observed. Transitive verbs (934 ms) yielded significantly faster RTs to 

the CMLD than dative verbs (994 ms), E (1,9) = 15.58, 1! < .01. A significant probe 

position by verb type interaction was observed, E (1,9) = 5.67, 12 < .05. A test of simple 

effects of verb type at each probe position revealed a significant verb effect only in the 

immediate vicinity of the verb. Transitive verbs (903 ms) yielded significantly faster RTs 

to the CMLD than dative verbs (994 ms), E (1,9) = 18.10, 12 < .01. Eight of the ten 

subjects showed this pattern with cleft-subject sentence structures and nine showed this 

pattern with cleft-object sentence structures. No significant effect or interactions 

involving sentence type were observed. 

An item-based mixed-design ANOV A yielded a main effect of verb type. Transitive 

verbs (928.57 ms) yielded significantly faster RTs than dative verb (985.65 ms), E (1, 11) = 

8.63, 12 = .0135. Although there were no significant interactions involving the probe

position o~ verb-type variables, patterns suggestive of an interaction between probe 

position and verb type were observed only when the probes were placed in the vicinity of 

the verb (transitive verbs yielded RTs of909.46 ms; dative verbs yielded RTs of985.65). 

Analyses on the Broca's aphasic subject data: A main effect of verb type was observed. 
- . 

Transitives (1072 ms) yielded significantly faster RTs on the CMLD than datives (1138 
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TABLE 7 

EXPERIMENT 2: MEAN REACTION TIMES (IN MSEC) TO CMLD FOR SUBJECT 

GROUPS, PROBE POSITION, VERB (TRANS., DATIVE} AND SENTENCE 

(CLEFT-SUBJ., CLEFT-OBJ.) 

Sentence Type 

Cleft-Subject Cleft-Object 

Subject Probe Transitive Dative Transitive Dative 

Normal Verb 899 984 907 1005 

Preposition 958 987 972 1000 

Broca Verb 1072 1190 1053 1149 

Preposition 1087 1110 1079 1102 

Wernicke Verb 967 971 1081 975 

Preposition 966 998 1014 1039 
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ms), E (1,5) = 6.33, R = .05. A significant probe position by verb interaction was 

observed, E (1,5) = 9.13, R < .05. A test of simple effects of verb type at each probe 

position revealed a significant verb effect only in the immediate vicinity of the verb. 

Transitives (1062 ms) yielded significantly faster RTs than datives (1169 ms), E (1,5) = 

45.90, R = .001. All six subjects showed this pattern with both cleft-subjects and cleft

objects. No significant effect or interactions involving sentence type were observed. 

An item-based-mixed-design ANOV A produced a main effect of verb type. Transitives 

(1076.05 ms) yielded faster RTs on the CMLD than datives (1132.98 ms), E (1 ,11) = 

7.303, R = .02. No significant interactions involving probe position or verb types were 

observed, however, patterns suggestive of an interaction between probe position and verb 

type were observed only when the probe was placed in the vicinity of the verb; transitive 

RTs (1057.54 ms) were faster than datives RTs (1151.88 ms). 

Analyses on the Wernicke's aphasic subject data: No significant effects of interactions 

were observed, though cleft-subject sentences (975 ms) yielded faster RTs on the CMLD 

than cleft-object sentences (1027 ms), E (1,3) = 7.86, R = .07 Two of the four subjects 

showed the transitive/dative distinction with cleft-subjects and two showed this pattern 

with cleft-objects. No significant effect or interactions involving sentence type were 

observed. 

An item-based mixed-design ANOV A produced no significant effects or interactions for 

this group. 

Two-complement/Four-complement Analyses. For the normal control group, 4.3% of 

the test sentences resulted in errors on the CMLD task and 3.4% of the responses were 

identified_ as outliers; for the Broca's aphasia group, 7.8% resulted in errors and 2.6% were 

identified as outliers; and for the Wernicke's aphasia group, 12.8% resulted in errors and 
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2. 7% were identified as outliers. The errors and outliers were approximately evenly 

distributed across all cells. 

With the data in the form described above, a three-way repeated measures ANOV A was 

performed for each subject group with verb type (two-complement, four-complement), 
. . 

probe position (verb, downstream) and sentence type (cleft-subject, cleft-object) as the 

within-subject factors. Table 8 contains the data used in the analyses. 

Analyses on the normal control subject data: A main effect of verb type was observed. 

Two-complement verbs (956 ms) yielded significantly faster RTs on the CMLD than four

complement verbs (1015 ms), .E (1 ,9) = 30.03, 12 < .01. A significant sentence type by 

verb type interaction was observed, .E (1 ,9) = 8.00; 12 = .02. A test of simple effects of 

verb type within each sentence type revealed than verb effects were observed within both 

sentence types. Two-complement verbs (954 ms) yielded faster RTs than four

complement verbs (1043 ms) in cleft-subject sentences, .E (1,9) = 29.43, 12 < .01. The 

same pattern held in cleft-object sentences, where two-complement verbs (957 ms) also 

yielded significantly faster RTs than four complement verbs (988 ms), .E (1 ,9) = 4.81, 12 = 

.05. A significant verb type by probe position interaction was observed, .E (1,9) = 9.05, 12 

= . 01 . A test of simple effects of verb type at each probe position interaction revealed a 

significant effect ofverb type only in the immediate vicinity of the verb. Two-complement 

verbs (948 ms) yielded significantly faster RTs than four complement verbs (1051 ms), .E 

(1 ,9) = 40.30, J2 < .001. Nine of the ten subjects showed this pattern with cleft-subjects 

and eight showed this pattern with cleft-objects. 

An item-based-mixed-design ANOV A yielded a mam effect of verb type. Two

complement verbs (930.2 ms) resulted in significantly RTs on the CMLD task than four

complement verbs ( 1004.73 1 ms ), .E ( 1, 11) = 15.409, 12 < . 01. No significant interactions 

involving the probe-position or verb-type variables were observed; however, patterns 
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TABLES 

EXPERIMENT 2:. MEAN REACTION TIMES (IN MSEC) TO CMLD FOR SUBJECT 

GROUPS, PROBE POSITION, VERB (TWO-COMP., FOUR-COMP.) AND 

SENTENCE (CLEFT-SUBJ., CLEFT-OBJ.) 

Subject 

Normal 

Broca 

Wernicke 

Sentence Type 

Cleft-Subject Cleft-Object 

Probe Two-comp. Four-comp Two-comp. Four-comp. 

Verb 973 

Downstream 934 

Verb 1116 

Downstream 1217 

Verb 970 

Downstream 978 

1087 

999 

1209 

1220 

1047 

1026 

47 

923 

993 

1108 

1170 

1074 

994 

1014 

961 

1234 

1164 

899 

989 



suggestive of an interaction between probe position and verb type were observed, but only 

when probes were placed in the vicinity of the verb: two-complement RTs {915.26 ms) 

were faster than four-complement RTs (1041.235 ms). 

Analyses on the Broca's aphasic subject data: A significant verb type by probe position 

interaction was observed, E (1,5) = 10.39, ~ = .02. A test of simple effects ofverb type at 

each probe position revealed a significant effect of verb type only in the immediate vicinity 

ofthe verb. Two-complement verbs (1112 ms) yielded significantly faster RTs than four

complement verbs (1221 ms), E {1,5) = 7.28, Q < .05. All six subjects showed this pattern 

with cleft-subjects; five subjects showed this pattern with cleft-objects. 

An item-based mixed-design ANOV A produced no significant effects or interactions 

involving the probe-position or verb-type variables. However, patterns suggestive of an 

interaction between probe position and verb type were observed when probes were placed 

in the vicinity of the verb. Reaction times for two-complement verbs (1116.924 ms) were 

faster than reaction times for four-complement verbs (1222.491 ms). 

Analyses on the Wernicke's aphasic subject 'data: No significant effects or interactions 

were observed . 

EXPERIMENT 3 

The third set of experiments was designed to test verb exhaustive access of a verb's 

argument structure in sentences using two sentence structures (subject-cleft and object

cleft sentences) where an additional phrase ("padding"). was inserted between the verb and 

the argument that immediately follows. 
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Method 

Materials. As in the previous experiments, each verb in the transitive/dative and two

complement/four-complement comparisons were inserted in their two sentence structures, 

yielding a total of 80 test sentences. These were included in an overall list of 160 

sentences for each section that included · both test sentences from each experiment's 

counterpart and foils. See Tables 9 and 10 for example sentences. 

The CMLD tasks, equipment, and procedures for Experiment 3 was identical to those 

for Experiments 1 and 2. 

Results 

Transitive/Dative Analyses. For the normal subject group, 4.6% of the test sentences 

resulted .in errors on the CMLD task and 2% of the responses to the test probes were 

identified as outliers and were replaced by the appropriate mean for each subject; for the 

Broca's aphasia group, 6.6% resulted in errors and 3.5% were identified as outliers and 

were replaced; and for the Wernicke's aphasia group, 13% resulted in errors and 2% were 

identified as outliers and were replaced. The errors and outliers were approximately 

evenly distributed across all cells. 

For each subject group a repeated measures ANOVA was performed, withverb type 

(transitive, dative)~ probe position (verb, downstream), and sentence type (padded cleft

subject, padded cleft-object) as the within-subject factors. Table 11 contains the data used 

in the analyses. 
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TABLE9 

Verb Types/Sentence Types and Sentences Used in Experiment 3A 

Verb type/Sentence type 

Transitive/Padded 

subject-cleft 

Transitive/Padded 

object-cleft 

Dative/Padded 

subject-cleft 

Dative/Padded 

object-cleft 

Sentence 

It was the couple in Europe who adopted* the puppy last 

New Year's Day. 

It was.the lady at the fair who baked the cupcakes* on 

Independence Day. 

It was the puppy that the couple in Europe adopted 

last New Y ear's* Day. 

It was the cupcakes at the fair that the lady baked* on 

Independence Day. 

It was the couple in Europe who returned* the puppy 

last New Year's Day. 

It was the lady at the fair who bought the cupcakes* on 

Independence Day. 

It was the puppy that the couple in Europe returned last 

New Y ear's* Day. 

It was the cupcakes at the fair that the lady bought* on 

Independence Day. 

( * denotes position of lexical decision probe) 
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TABLElO 

Verb Types/Sentence Types and Sentences Used in Experiment 2B 

Verb type/Sentence type 

Two-complement/Padded 

subject -cleft 

Two-complement/Padded 

object-cleft 

Four-complement/Padded 

subject -cleft 

Four-complement/Padded 

object-cleft 

Sentences 

It was the janitor in the complex who maintained* the 

apartments during the morning hours. 

It was the director at the performance who required the 

musician's best effort* on opening night. 

It was the apartments in the complex that the janitor 

that the janitor maintained during the morning* hours. 

it was the musician's best effort that the director at the 

performance required* on opening night. 

It was the janitor in the complex who 

remembered the apartments* during the morning hours. 

It was the director at the performance who heard* the 

musician's best effort on opening night. 

It was the apartments in the complex that the janitor 

remembered* during the morning hours. 

It was the musicians best effort that the director at the 

performance heard on opening* night. 

( * denotes position of lexical decision probe) 
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TABLE 11 

EXPERIMENT 3: MEAN RTS (IN MSEC) TO CMLD FOR SUBJECT GROUPS, 

PROBE POSITION, VERB (TRANSITIVE, DATIVE) AND SENTENCE 

(PADDED CLEFT-SUBJ., PADDED CLEFT-OBJ.) 

Subject 

Normal 

Broca 

Wernicke 

Sentence Type 

Padded Cleft-Subj . Padded Cleft-Obj. 

Probe Transitive 

Verb 887 

Downstream 897 

Verb 1180 

Downstream 1067 

Verb 1026 

Downstream 963 

Dative 

970 

921 

1244 

1046 

1089 

980 

52 

Transitive 

880 

905 

1050 

1026 

956 

960 

Dative 

997 

871 

1152 

1010 

1035 

938 



Analyses on the normal subject data: A main effect of verb type was observed. 

Transitives (892 ms) yielded significantly faster RTs on the CMLD than datives (985 ms}, 

E: (1,9) = 14.11, D. < .01. A significant probe position by verb type interaction was 

observed, E: (1 ,9) = 23.00, D. = .001. A test of simple effects at each probe position 

revealed a significant verb effect only when in the immediate vicinity of the verb. 

Transitives (887 ms) yielded significantly faster RTs than datives (970 ms}, E: (1,9) = 

36.73, D.< .001. Eight of the ten subjects showed this pattern with padded cleft-subject 

sentence structures; eight showed this pattern with cleft-object sentence structures. No 

significant effect or interactions involving sentence type were observed. 

An item-based mixed-design ANOV A yielded a main effect of verb type. · Transitive 

verbs (892.56 ms) yielded significantly faster reaction times than dative verbs (944.158 

ms}, E: (1,11) = 7.215, D.= .021. A significant interaction between probe position and verb 

type was observed, E: (1,11) = 20.16, D.< .01. Subsequent post-hoc Tukey tests revealed 

that transitive verbs (883.38 ms) yielded significantly faster reaction times than dative 

verbs (991.77 ms}, but only when probes were presented in the. vicinity of the verb. 

Analyses on the Broca's aphasia subject data: A main effect of probe position was 

ob~rved . . Probes presented downstream from the verb (1037 ms}, yielded significantly 

faster RTs on the CMLD than probes presented in the immediate vicinity of the verb 

(1156 ms}, E: (1,5) = 45.39, D. = .001. A main effect of verb type was observed. 

Transitives (1081 ms) yielded significantly faster RTs than datives (1113 ms), E: (1,5) = 

9.57, D.< .05. A significant probe position by verb type interaction was observed, E: (1 ,5} 

= 7.65, D.< .05. A test of simple effects of verb type at each probe position revealed a 

significant verb effect only in the immediate vicinity of the verb. Transitives (1180 ms) 

yielded significantly faster RTs than datives (1244 ms}, E: (1 ,5} = 46.52, D.= .001. All six 
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subjects showed this pattern with the padded cleft-subjects; five of the six showed this 

pattern with padded cleft-objects. 

An item-based mixed-design ANOV A revealed a significant interaction between probe 

position and verb type, E (1 ,11) = 4.177, 12 = .0657. Transitive verbs (1101.341 ms) 

yielded significantly faster RTs than datives (1171.41 ms) when probes were placed in the 

vicinity of the verb. 

Analyses on the Wernicke's subject data: No significant effects or interactions were 

observed, though transitive verbs (976 ms) yielded faster RTs than dative verbs (1011 

ms), E (1,3) = 4.57, Q = .10. Three of the four subjects showed the transitive/dative 

distinction with padded cleft-subjects; three showed the distinction with padded cleft

objects. 

An item-based mixed-design ANOVA revealed no significant effects or interactions. 

Two-complement/Four-complement Analyses. For the normal control group, 4.4% of 

the test sentences resulted in errors on the CMLD task and 3% of the responses to the test 

probes were identified as outliers and were replaced by the appropriate mean for each 

subject; for the Broca's aphasia group, 5. 7% resulted in errors and 2.1% were identified as 

outliers and were replaced; and for the Wernicke's aphasia group, 8% resulted in errors 

and 2. 7% were identified as outliers and were replaced. 

With the data in the form described above, a repeated measures ANOV A was performed 

for each subject group with verb type (two-complement, four-complement), probe 

position (verb, downstream), and sentence type (padded cleft-subject, padded cleft-object) 

as the within-subject factors. Table 12 contains the data used in the analyses. 
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TABLEI2 

EXPERIMENT 3: MEAN RTS (IN MSEC) TO CMLD FOR SUBJECT GROUPS, 

PROBE POSITION, VERB (TWO-COMP., FOUR-COMP.) AND 

SENTENCE (PADDED CLEFT -SUBJ., PADDED CLEFT -OBJ.) 

SubjectProbe 

Normal 

Broca 

Wernicke 

Sentence Type 

Padded Cleft-Subj. Padded Cleft-Obj. 

Two-comp. Four-comp. Two-comp. Four-comp. 

Verb 925 

Downstream 890 

Verb I038 

Downstream II 06 

Verb 990 

Downstream 980 

I007 

87I 

I2I7 

I090 

I020 

957 

55 

87I 

935 

940 

I083 

863 

I068 

952 

894 

I050 

I059 

996 

I037 



Analyses on the normal control subject data: A significant probe position by verb type 

interaction was observed, E (1,9) = 13.28,12 < .01. A test of simple effects of verb type at 

each probe position revealed a significant effect of verb type only in the immediate vicinity 

of the verb. Two-complement verbs (898 ms) yielded significantly faster RTs on the 

CMLD than four-complement verbs (979 ms), E (1,9) = 10.70, 12 < .01. Eight of the ten 

subjects showed this pattern with padded cleft-subjects; eight showed this pattern with 

padded cleft-objects. 

An item-based mixed-design ANOV A revealed no significant effects or interactions 

involving probe-position or verb-type variables. However, patterns suggestive of verb 

effects by probe positions were observed, but only at the verb. Reaction times of two

complement verbs (899.3 ms) were faster than those of dative verbs (974.07 ms). 

Analyses on the Broca's aphasia subject data: A main effect of verb type was 

observed. Two complement verbs (1041 ms) yielded faster RTs than four-complement 

verbs (1104 ms), E (1,5) = 7.27, 12 < .05. A significant sentence type by probe position 

interaction was observed, E (1,5) = 6.12, 12 = .056. A test of simple effects of sentence 

type at each probe position revealed a significant effect of sentence type only in the 

immediate vicinity of the verb. Cleft-objects (995 ms) yielded significantly faster RTs than 

cleft-subjects (1127 ms), E (1,5) = 6.66, 12 = ·.05. A significant probe position by verb type 

interaction was observed, E (1,5) = 7.47, 12 < .05. A test of simple effects of verb type at 

each probe position revealed a significant effect of verb type only in the immediate vicinity 

of the verb. Two-complement verbs (1038 ms) yielded significantly Jaster RTs on the 

CMLD than four-complement verbs (1217 ms), E (1,5) = 12.15, 12 < .02. Five ofthe six 

subjects showed this pattern with cleft-subjects; five showed this pattern with cleft

objects. 
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An item-based mixed-design ANOV A revealed a main effect of verb type. Two

complement verbs yielded faster RTs than four-complement verbs (1106.65 ms), E.= 4.73, 

Q = .066. A significant interaction between probe position and verb type was observed, E. 

= 4.63, Q = .068. Subsequent post-hoc Tukey tests revealed a significant effect only in the 

vicinity of the verb. Two-complement verbs (975.52 ms) yield significantly faster RTs on 

the CMLD task than four-complement verbs (1125 ms). 

Analyses on the Wernicke's aphasia subject data: For this subject group, two

complement verbs (975 ms) yielded faster RTs than four-complement verbs (1002 ms), 

though this difference was not significant, E. (1,3) = 5.50, Q = .11. A significant sentence 

type by probe position interaction was observed, E. (1,3) = 16.09, Q < .05. A test of simple 

effects of sentence type at each probe position revealed that padded cleft-subjects (968 

ms) yielded significantly faster RTs than padded cleft-objects (105 ms), but only 

downstream from the verb, E. (1,3) = 63 .14, Q < .01. Three ofthe four subjects showed 

this pattern. 

An item-based mixed design ANOV A revealed a significant interaction between probe 

position and verb type, E.= 25.849, Q < .01. Subsequent ad-hoc Tukey tests revealed a 

significant effect only in the vicinity of the verb. Two-complement verbs (899.615 ms) 

yielded significantly faster RTs on the CMLD task than four-complement verbs (101.89 

ms). 
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·DISCUSSION 

I will begin this discussion with the normal subject data. In all three experiments -

using both the subject- and item-based analyses -- when sentences were probed in the 

immediate vicinity of the verb, those verb types that allowed more argument structure 

possibilities yielded longer reaction times on the cross-modal lexical decision task than 

those verbs that allowed fewer argument structure possibilities. That is, transitive verbs 

yielded faster RTs to the CMLD than dative verbs, and two-complement verbs yielded 

faster RTs than four-complement verbs. These results add additional empirical support to 

the claim that when a verb is encountered in a spoken sentence, its thematic properties are 

exhaustively activated. Importantly, the exhaustive activation of thematic information was 

observed regardless of sentence type. That is, in all four sentence types: actives, passives, 

cleft-subjects,. and cleft-objects, the same RT pattern was observed. The lexical process of 

accessing a verb and its thematic properties thus appears to be independent of the type of 

sentence in which the verb is contained. However, when the sentences were tapped 

further downstream - in the immediate vicinity of the preposition - the cost associated with 

accessing multiple argument structures disappeared. No significant RT differences among 

the four verb types were observed. 

The same pattern shown for normal subjects was observed, for the most part, with the 

Broca's aphasic subjects (though the item-based analyses were not perfectly compatible 

with the subject-based analyses). The exhaustive activation of a verb's argument structure 

was observed at the verb, regardless of sentence structure. At a point downstream from 

the verb - in the immediate vicinity of the preposition - no significant RT differences 

among the four verb types were observed. These results support the claim that 

agrammatic Broca's aphasia subjects are indeed sensitive to predicate-argument structures 
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in both canonical and noncanonical sentences, and that verbs and their argument structures 

are ~ctivated in these sentence types in a normally fast-acting and au~omatic way. Recall 

that Broca's aphasic subjects show above-chance comprehension for canonical sentence 

structures such as actives and subject-clefts, but comprehension drops to chance for 

sentences constructed noncanonically, such as passives and object-clefts. This pattern -

coupled with the reaction time patterns observed in this study - suggests that these Broca's 

aphasic subjects are sensitive to predicate-argument structures in sentences that they do 

not ultimately understand. 

These results suggest that the real-time process of accessing a verb and its thematic 

properties may be independent from the difficulties that Broca's aphasic patients have with 

comprehending complex sentences. Recall that in passive and object-cleft sentence 

structures, the post-verb direct object position is not lexically filled. Instead, the position 

is occupied by a trace of its antecedent, the moved NP. The trace and its antecedent are 

co-indexed, representing the fact that they co-refer. Unlike simple active sentence 

structures where the role of Theme is in the direct object argument position and receives it 

thematic role directly from the verb, the moved NP in both passive and object-cleft 

sentence structures receives its thematic role indirectly by virtue of its co-indexation with 

its trace. The role of Theme is assigned to the direct object position occupied by the 

trace, but because the trace is co-indexed with its antecedent, the thematic role is 

effectively passed on to the moved NP via a 'theta-chain' consisting of the trace and its 

antecedent. Grodzinsky {1990) suggests that for Broca's aphasic patients traces are 

deleted and thematic role assignment to the moved constituent cannot occur. In passive 

and object-cleft sentence structures, the moved NP is left without a proper thematic role. 

The Broca's aphasic patient, according to Grodzinsky, relies on an agent-first strategy 

resulting in two 'agents' and at-chance performance. In subject-cleft sentence structures, 
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the agent-first strategy fortuitously mimics normal grammatical assignment and above

chance performance is observed (see also Hickok, Zurif & Canseco-Gonzalez, in press, for 

an extension of this hypothesis). Thus, though the time-course of verb-argument structure 

activation may be normal, the subsequent integration of this information into the temporal 

unfolding of the sentence may not be. The findings that the lexical process of accessing a 

verb · and its thematic properties appears to be independent of sentence structure and, 

indeed, even seems to be independent of sentence comprehension for this population, 

strengthens the hypothesis that verb processing in spoken sentences involves a 

contextually impenetrable subcomponent within the encapsulated .grammatical system of 

the language comprehension system. 

The Wernicke's aphasic subjects in this study, for the most part, did not show sensitivity 

to the thematic properties of verbs; . they did not show the normal distinction between 

verb.s that varied in their thematic representations regardless of sentence type (there was a 

suggestion of a verb effect for the padded sent~nces, though this effect was not 

significant). These data buttress previous findings where a more heterogeneous group of 

fluent aphasic patients did not show normal thematic effects (Shapiro & Levine, 1990). 

Since recent linguistic accounts of the lexicon claim that thematic information is part of 

lexical-conceptual structure or "conceptual semantics" (Grimshaw, 1990; Jackendoff, 

1990), perhaps Wernicke's aphasic patients have a disorder in either representing or, more 

likely; accessing this information. In this vein consider that there have been several 

suggestions in the literature that Wernicke's aphasia involves some sort of "semantic 

deficit" in terms of conceptual features, though no consensus exists on the nature of this 

disorder (e.g., Baker, 1986; Goodglass & Baker, 1976; McCleary & Hirst, 1986; Zurif, 

Caramazza & Meyerson, 1974). The present data provide a grammatical angle on this 

semantic deficit: During on-line sentence comprehension, Wernicke's aphasic patients are 
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not provided with the set of lexical-conceptual roles associated with a verb; normal 

models of sentence processing require this information for further aspects of parsing and 

interpretation. Whether this deficit is related to that found in the existing literature 

remains to be seen. They did not show, as the Broca's aphasic subjects had, the normal 

distinction between verbs that varied in their thematic representations regardless of 

sentence type. 

Consider now a recent study of syntactic processing in Broca's. and Wernicke's aphasia 

(Zurif, Swinney, Prather, Solomon & Bushel, in press) and how it reflects on the present 

work. Zurif and colleagues sought to investigate how lexical processing might impinge 

upon the syntactic operation of linking antecedents and traces. Central to this concern is 

the hypothesis that traces have real-time processing consequences. Just as the presence of 

a pronoun immediately activates its antecedent, so too, in the relevant instances, traces are 

immediately linked to their antecedents when the traces are encountered. This 

phenomenon is referred to as gap-filling, and it has been shown that, for normals, 

antecedents actually fill the gap left by the movement (see Swinney & Osterhout, 1990). 

Zurif et al. examined whether or not a group of Broca's aphasia subjects and a group of 

Wernicke's aphasia subjects normally reactivated the antecedent to a trace in subject

relative constructions like "The gymnast loved the professori from the northwestern city 

who [trace li complained about the bad coffee." In this example, "the professor" would 

normally be reactivated when the position of the trace is encountered; "the professor" 

must also be linked to the trace in the subject position to receive its thematic role (more 

recent evidence from the same lab shows this pattern with object relatives as well). Using 

a cross-modal lexical priming task, Zurif et al. found that the Wernicke's aphasic subjects, 

who typically do not show good comprehension of such structures (Grodzinsky, 1984), 

showed normal reactivation of the antecedent to the trace. The Broca's aphasic subjects, 
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however, did not show the normal link between the trace and the antecedent, indicating 

that for this population the moved NP cannot receive its thematic role grammatically at the 

right time. Yet, these patients do ultimately comprehend such subject-relative 

constructions, presumable relying on non-grammatical heuristics to do so (Grodzinsky, 

1990). 

Summarizing the Zurif et al. trace-antecedent study and this study on the thematic 

representations of verbs, it was found that: 1) Broca's aphasic . patients are sensitive to a 

verb's thematic properties but Wernicke's aphasic patients are not; and 2) Wernicke's 

aphasic patients reactivate an antecedent to a trace but Broca's aphasic patients do not. 

These findings indicate a double-dissociation between the lexical process of accessing a 

verb's thematic properties and the operation of connecting a trace to its antecedent. 

To attempt to understand the double-dissociation exhibited by Broca's and Wernicke's 

aphasic subjects, the following questions must be considered: Why is it that Broca's 

aphasic patients do not show normal access of a noun's multiple senses at the right time in 

the processing stream (Swinney et al., 1989), do not show normal reactivation of the noun 

phrase antecedent to a trace in subject and object relatives (Zurif et al., in press), yet show 

normal sensitivity to the thematic representations of verbs? Recall that Swinney and 

colleagues found that normal (control) and Wernicke's aphasic s1.1bjects accessed both the 

most frequent and less frequent meaning of a polysemous noun regardless of context while 

Broca's aphasic subjects accessed only the most frequent interpretation (Swinney et al., 

1989). Also, why do Wernicke's aphasic patients show both normal access of a noun's 

multiple senses and normal reactivation of the antecedent to a trace, yet do not show 

normal activation of a verb's thematic information? One possibility is that fundamentally 

different processing requirements are implicated for the access of multiple noun meanings 

on the one hand, and argument structure on the other. Consider the matter of 
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exhaustively accessing a polysemous noun's meaning: once acoustic/phonetic information 

is mapped onto the polysemous noun's form stored in the mental lexicon, it is assumed 

that, as measured by priming, the activation of this element is passed on to the other nodes 

in the network with which it is .semantically and associatively related. Thus, either through 

a search or through spreading activation, the various meanings associated with a 

polysemous noun are accessed (unconstrained by prior contextual information); this is a 

time-dependent operation. The same process occurs in the reactivation of an NP in a trace 

position, with the added syntactic operation of connecting the trace to its antecedent. But, 

unlike the access (or re-access) of a noun's interpretation, the access of thematic 

information does not involve a,ctivation of related representations that occur over time. 

Rather, once the acoustic/phonetic information is mapped onto a verb's entry, the 

argument structure possibilities are all simultaneously available. Therefore, rather than 

being a time-dependent function, accessing multiple argument structures is associated only 

with the "effort" required to access indivisible sets of structures; the more argument 

structure configurations associated with the verb, the more "effort" (and thus "resources") 

is required to immediately access this information (hence, processing load effects are 

observed). 

Consider now a "reduced capacity" hypothesis that has recently been proposed to 

account for the deficits found in Broca's aphasia (Caplan, 1992; Frazier & Friederici, 

1990; Haarmann & Kolk, 1991 ). The basic premise of this hypothesis is that processing 

the structure and meaning of sentences requires the availability of enough resources to 

complete the task, the resources stemming from a singular, general resource pool. Recall 

that in Fr~er and Friederici's "complexity limitation hypothesis" (Frazier & Friederici, 

1990), sentence processing resources stem from a single "central processing capacity". 

Broca's aphasic patients have a capacity reduction, according to Frazier and Friederici's 
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account, and the combined complexity of concurrent parsmg operations in complex 

sentence structures can exceed the processing capacity of these aphasic patients. That is, 

the processing of inferential chains (e.g., trace-antecedent relations) interacts with the 

inability to perform simultaneous operations, reduced memory capacity, and reduced 

speed of activation, resulting in reduced comprehension performance. In the present 

study, however, it was found that, though accessing a verb's thematic information appears 

costly, the cost does not exceed the capacity of Broca's aphasia patients to exhaustively 

access this information, regardless of the sentence stroctures used.. That is, the resources 

necessary to process these particular sentences (containing dense phrase structures and 

trace-antecedent relations) did not impinge on the resources necessary to access the verb's 

lexical properties. 

It is, of course, possible that the process of activating thematic and other lexical 

properties does not fall within the domain of the capacity limitation hypothesis. But if the 

hypothesis allows such a restriction on its sphere of influence, then other, similar, 

restrictions could also apply, and the account would not be falsifiable. Also possible is 

that perhaps capacity limitations are only reflected in off-line performance (as measured, 

for example, by object manipulation and picture-pointing) where the output of various 

processes converge on a final decision. This may indeed tum out to be the case~ however, 

the capacity limitation accounts make claims about con~urrent and simultaneous 

processing, and speed of activation -- claims that are best tested under the real-time 

constraints of on-line processing. It is therefore more likely that, rather than the existence 

of a single resource for sentence processing, multiple resources exist, each independently 

dedicated to a particular task. Such an interpretation is buttressed by the double

dissociation found in the Zurif et al. and present studies: The pattern of sparing and loss 

that we have found in Broca's and Wernicke's aphasia appears directly related to the 
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independence of resources recruited during the operation of computing the trace

antecedent relation and the resources recruited during the process of accessing a verb's 

thematic properties. 
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APPENDIX 

Verbs Used in the Experiments 

Transitive Datives Two-complements Four-complements 

exhibit sell regret discover 

secure buy claim state 

locate dig maintain recogruze 

measure donate assume indicate 

adopt return accept remember 

collect address except detect 

bake reserve demand hear 

bum lend require notice 

fix feed 

make deliver 

catch restore 

file release 
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