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The aim of this project was to clarify the findings of Shapiro and Levine 

(1990) by exploring post-verb argument structure complexity effects. Three verb 

types, transitives, datives and obligatory three-place, were probed at four 

positions during an on-line sentence processing task that utilized cross-modal 

naming as the secondary task in a reaction time paradigm. No significant verb x 

probe interaction was found at any probe position with any of the three verb 

types. Two possible explanations are given for this pattern of results: (1) the 

choice of cross-modal naming as the secondary task; and, (2) the high variability 

of reaction times among subjects. 
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1. Introduction 

To understand the real-time operating characteristics of language 

processing, it is, of course, necessary to have some notion of the type of 

information being processed. One way to characterize this information is 

through formal linguistic theory. There are several linguistic theories, and each 

claims to be able to characterize a native speaker's linguistic knowledge. What 

most of these theories have in common is (1) the mental representations that 

characterize the acquired lexical items of a language, and (2) a set of rules and 

principles that project these lexical items onto the phrasal geometry of 

sentences. 

Consider the following sentence: 

( 1) "Mitzi sent Lew to the beer store." 

A native speaker of English can effortlessly divide this sentence into its 

constituents (e.g., noun phrase, verb phrase, etc.) without ever having been 

explicitly taught what these constituents might be. These constituents enter 

critically into the notion of phrase structure. For example, (1) can be initially 

divided into a subject noun phrase (NP) --"Mitzi" --and a verb phrase (VP) -

"sent Lew to the beer store." The VP can be further divided into a verb (V) -

"sent"-- and a direct object NP --"Lew''-- and a prepositional phrase (PP) --"to 

the beer store" which can be divided into a preposition (P) -- "to" and another NP 

--"the beer store." The two NP's in (1) are considered the logical arguments of 

the verb, i.e., they are set in relation to each other by the verb. Indeed, the 
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arguments are entailed by the verb, and they form part of the verb's 

representation. It turns out that for purposes of lexical and sentence processing, 

the verb and its arguments play a privileged role. Their syntactic and semantic 

entailments often determine the structure and interpretation of the sentences in 

which they are contained. Shapiro and colleagues have extensively investigated 

the role of a verb's arguments during on-line sentence processing and have 

found that when the verb is accessed, so, too, are its possible arguments 

(Shapiro, Zurif & Grimshaw, 1987, 1989; Shapiro & Levine, 1990; Canseco

Gonzalez, Shapiro, Zurif & Baker, 1990, 1991; Shapiro, Brookins, Gordon & 

Nagel, 1991; Shapiro, Nagel & Levine, 1993; Shapiro, Gordon, Hack & Killackey, 

1993). 

To further explore the effects of verbs in sentence processing, the access 

and integration of a verb and its arguments into sentences as they unfold over 

time are examined in this experiment. Of particular interest is that part of the 

· language processing system that is concerned with post-verb argument structure 

effects. In this paper, a summary of representational issues is initially 

discussed. The previous findings of Shapiro and colleagues are then reviewed. 

Lastly, I present the format and results of an experiment that attempted to 

examine further the role of verbs and their entailments in real-time sentence 

processing. 
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1. 1 Representational Issues 

The mental lexicon of a speaker contains representations of the words a 

speaker has stored in his or her memory. Each word's lexical entry contains, at 

least, information about its lexical category, phonological form (e.g., "sound" 

characteristics), semantic information, and the sentence types (or environments) 

in which the word can legally appear. This information is part of what is acquired 

when learning a language, native or second. Verbs appear to carry at least two 

types of information that characterize the legal phrasal and clausal environments 

they are allowed to enter. These two types of information are formally called 

strict subcategorization and argument structure. 

The verbs examined below are examples of the three verb types studied 

in the present experiment: hit-- transitive, lend-- dative, and give-- obligatory 

three place. Consider, for example, 

(2) 

· and 

(3) 

"Bill hit the ball" 

* "Bill hit" 

(*denotes an ungrammatical or illegal sentence). 

The lexical entry for hit might contain something like the following : 

( 4) hit lexical category: V 

strict subcategorization: [ _NP] 

argument structure: 

thematic grid: 

3 

(x,y) 

Agent, Theme 



Lexical category describes the grammatical category of the lexical item, and 

strict subcategorization gives the phrasal or clausal complements that can occur 

in the verb phrase. Argument structure characterizes the number of arguments 

associated with a verb, while thematic roles describe the semantic or thematic 

roles associated with the arguments. Based on the information contained in this 

entry, hit is a verb that subcategorizes for a noun phrase (NP) and allows a 

single two-place argument structure (x,y) where the x argument refers to the 

subject NP (or external argument), and they argument refers to the direct object 

NP (or internal argument). The hypothesized lexical entry also shows the 

thematic grid -- the set of thematic roles that must eventually be assigned onto 

the arguments in a sentence. So, in (2) "the ball" is the direct object NP 

subcategorized for by the verb. The NP "Bill" is assigned the thematic role of 

Agent, and the NP "ball" is assigned the thematic role of Theme. The lexical 

entry for hit explains why (2) is considered a well-formed or legal sentence, but 

· (3) is not. (2) satisfies the strict subcategorization and argument structure 

requirements of the lexical entry, while (3) does not. The present experiment 

focuses on argument structure. 

Consider another example: 

(5) "Mary gave the present to Judy" 

and 

(6) "Mary gave Judy the present." 

The lexical entry for give might be represented as follows: 
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(7) give lexical category: V 

strict subcategorization: [ _NP PP] 

[ _NP NP] 

argument structure: 

thematic grid: 

(x,y,z) 

Agent, Theme, Goal 

In (7), give allows one argument structure possibility, with differing syntactic 

realizations, as in, 

(8) Mary [VP [V gave] [NP the present] [PP to Judy]], 

and 

(9) Mary [VP [V gave] [NP Judy] [NP the present]]. 

Though (8) and (9) have different syntactic realizations, they both yield the same 

set of arguments. 

Consider, now, the verb lend: 

(1 0) "Bob lent the hammer'' 

· (11) "Bob lent the hammer to Sam" 

(12) "Bob lent Sam the hammer." 

The lexical entry for lend might look something like the following: 

(13) lend lexical category: V 

strict subcategorization: [ _NP] 

[ _NP PP] 

[ _NP NP] 

argument structure: (x,y) 

5 



thematic grid: 

(x,y,z) 

Agent, Theme 

Agent, Theme, Goal 

Lend allows two different argument structure possibilities: (x,y) or (x,y,z). In (1 0), 

the NP "Bob" is the x argument and is assigned the thematic role of Agent while 

the NP "hammer'' is they argument and is assigned the thematic role of Theme. 

Both (11) and (12) have the same argument structure, with the NP "Bob" as the x 

argument and Agent, the NP "hammer" as the y argument and Theme, and the 

NP "Sam" as the z argument and Goal, yet each sentence differs in terms of its 

syntactic realization: 

(14) Bob [VP [V lent] [NP the hammer] [PP to Sam]], 

and 

(15) Bob [VP [V lent] [NP Sam] [NP the hammer]]. 

Thus, verbs can differ in terms of the number of subcategorization 

'possibilities and the number of argument structure possibilities. 

1. 2 Processing Complexity: Argument Structure 

The effect of a verb's representation on real-time sentence processing in 

normal listeners has been the focus of much research (e.g., Boland, 1991, 1993; 

Boland & Tanenhaus, 1991; Ferreira & Clifton, 1986; Frazier, 1978; Stowe, 

1989; Swinney, 1991; Tanenhaus, Carlson & Trueswell, 1989). Work by 

Shapiro and colleagues, for example, examined whether or not argument 
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structure has "processing reality," that is, they investigated whether or not there 

was any effect of argument structure during on-line sentence processing 

(Shapiro, Zurif & Grimshaw, 1987, 1989). 

Operating on the assumption that the complexity of a verb's lexical entry 

directly contributes to real-time sentence processing, Shapiro et al. (1987) 

addressed the question of whether it was the strict subcategorization or the 

argument structure possibilities of a verb that affected such processing. Verbs 

that differed in terms of the number of argument structure possibilities and the 

number of strict subcategorization possibilities were compared using the Cross

Modal Lexical Decision (CMLD) task (see Appendix A). The CMLD task was 

chosen because it allows input to be uninterrupted and presented in as normal a 

manner as possible while placing the secondary task in a different modality. 

While listening to sentences for meaning, subjects must decide, quickly and 

accurately, whether or not a string of letters (the probe) presented on a computer 

screen form a word in English. The subjects' reaction times to the presentation 

of the probe are recorded by the computer. The data of interest for these 

experiments were those recorded when the probe was presented in the 

immediate vicinity of the verb and formed a word in English. 

Shapiro et al. found that verbs that differed in terms of argument structure 

possibilities yielded distinct reaction time patterns; that is, the more argument 

structure possibilities, the longer the reaction times to the lexical decision 

probes. These data were interpreted to mean that when a listener encounters a 
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verb in a sentence, all of the verb's argument structure possibilities are 

exhaustively activated. Thus, the more complex a verb is in terms of argument 

structure possibilities, the greater the processing load in the immediate temporal 

vicinity of the verb during real-time sentence processing. 

Most sentence processing theories now assume that the access of 

thematic information is crucial to sentence interpretation (e.g., Ferreira & Clifton, 

1986; Ferreira & Henderson, 1991, 1990; Frazier, 1978; Frazier & Rayner, 

1982). One possibility is that thematic roles are assigned on-line as NP's are 

encountered. So, for example, as a listener hears the sentence, "Jarred hit 

Daniel," "Jarred" is encountered and is placed in a 'buffer' of some sort, awaiting 

the head of the VP that can assign its thematic role of Agent. Then, once hit is 

encountered, all of the verb's thematic representations are accessed and Agent 

is then assigned to the subject NP --"Jarred." The direct object NP --"Daniel"-

is encountered and immediately receives the unassigned, activated thematic role 

· --Theme. 

In 1989, Shapiro, Zurif and Grimshaw went a step further in examining the 

use of the information in a verb's lexical entry during sentence processing. 

Swinney (1979) and Tanenhaus, Leiman, and Seidenberg (1979) had previously 

found that on-line access of the multiple interpretations of polysemous nouns 

occurred even when the sentences presented to subjects were biased toward 

one particular meaning of the noun. That is, even when the sentence presented 

was constructed in such a manner as to bias the polysemous noun toward one 
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specific meaning, subjects continued to activate a// possible meanings in the 

immediate vicinity of the noun. Hypothesizing that argument structure 

possibilities would be just as uninfluenced by semantic and structural content, 

Shapiro and colleagues designed an experiment to explore this potential 

information impenetrability. Sentences were constructed so that the prior 

information in the sentence was biased towards one particular argument 

structure of a verb. The sentences were identical in surface form and allowed 

the arguments of the verb in question to be evident to the "processor" by the 

time the verb was heard. The CMLD task was again chosen for this experiment. 

As in their 1987 study, Shapiro et al. (1989) found that more complex verbs, in 

terms of argument structure possibilities, yielded significantly longer reaction 

times on the secondary task than verbs that were less complex. Further, the 

results reinforced the robustness of their 1987 study and indicated that all 

argument structure possibilities for a verb were activated in its immediate vicinity 

· regardless of other information in the sentence. Finally, Rubin, Newhoff, Peach 

& Shapiro (in press), using both the CMLD task and an evoked-related potential 

paradigm, found eletrophysiological as well as reaction time patterns indicative 

of verb complexity effects. These findings were interpreted as evidence that 

verb processing in sentences involves contextually impenetrable 

subcomponents of the language processing system, a hallmark of modular 

systems. 
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Schmauder (1991) sought to replicate the results of Shapiro et al. (1987) 

in four experiments: two eyetracking, Cross-Modal Naming (CMN), and CMLD. 

Because she was unsuccessful in these attempts, she concluded that the 

findings of Shapiro et al. were not generalizable and were, perhaps, artifacts of 

his experimental design. There were several differences in the two studies: 

sentence construction, the probes used and the number of times verbs were 

presented during an experimental trial. 

Shapiro, Brookins, Gordon & Nagel (1991) reinvestigated the results of 

the Shapiro et al. 1987 study and sought to address the differences between 

Schmauder and Shapiro in two sets of experiments. 

The first experiment utilized Schmauder's sentences and Shapiro's 

probes. Using the CMLD task, verbs were presented a single time in the 

experimental trials. Results from this set of experiments were contrary to those 

found by Schmauder in her cross-modal tasks. These significant results were 

'taken as an indication that verbs and their thematic representations contribute to 

on-line sentence processing when the probe is presented in the immediate 

temporal vicinity of the verb. 

The second set of experiments again utilized Schmauder's sentences, but 

with Schmauder's probes. Once again, verbs were presented only once during 

an experimental trial. In this set of experiments, however, Schmauder's probes 

as she originally presented them (all uppercase) were compared against those 

same probes in a perceptually altered format. The probes were presented in a 
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mixed case (combination upper and lower case) format. This manipulation was 

performed to increase the difficulty of the CMLD task. The analysis performed 

on Schmauder's original probes produced no significant results. The analysis 

performed on the probes in the manipulated format, however, was significant 

and was interpreted as replicating the findings of the 1987 study by Shapiro et 

al. Based on these findings, it was concluded that when using a dual-task 

paradigm, the secondary task must be difficult enough to "interfere" with the 

primary task to provide a valid measure of the primary task's cognitive difficulty. 

Although Schmauder, Kennison & Clifton (1991) tried again to replicate 

the findings, of Shapiro et al. (1987, 1989, 1991) and failed, there is other 

evidence which suggests that argument structure effects are real. Tanenhaus 

and colleagues (see Tanenhaus, Carlson & Trueswell, 1989; Garnsey, 

Tanenhaus & Chapman, 1989; Tanenhaus, Garnsey & Boland, 1990) have 

shown that verb-argument structure information is used immediately to make 

·provisional semantic commitments on-line with both a "stop making sense" task 

as well as with evoked related potentials. Kilborn and Kaiser (1994) examined 

argument structure access in German (were the verb is last) using the CMLD 

task and found that subjects are sensitive to argument structure effects at the 

verb. Rubin, et al. (in press) directly replicated the findings of Shapiro et al. 

(1987, 1989, 1991) using evoked related potentials as the dependent measure. 

The observation of arguments structure effects in the studies briefly cited above 

verifies the robustness of the effects. 
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1.3 Argument Structure Complexity Effects at the Verb and Downstream 

Shapiro and Levine (1990) also investigated the effects of a verb's 

argument structure in sentence processing using the CMLD task. In these 

experiments, the two data points of interest were in the immediate temporal 

vicinity of the verb and at a point four syllables downstream from the verb (see 

Table 1 ). Results indicated that subjects did indeed activate multiple argument 

structures of a verb in the immediate vicinity of the verb. However, at the point 

where the sentences were probed downstream, these effects were no longer 

present. 

Table 1: Sample Sentences from Shapiro and Levine. 1990 

Verb Type Sentence 
Transitive The old man exhibited # the new suit on # the rack. 
Dative The sad girl donated # the new suit# to the charity. 
Obligatory Three-Place The happy officer put # the new suit on # the shelf. 
(# indicates probe position) 

Three verb types were examined in this study: transitives, datives and 

obligatory three-place. The argument structure possibilities of the three verb 

types are compared as follows: 

Transitives 

Datives 

Obligatory Three Place 

(x,y) 

(x,y) 

(x,y,z) 

(x,y,z). 
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Transitive and obligatory three-place verbs allow a single argument structure -

(x,y) or (x,y,z), respectively. Dative verbs, by contrast, allow either a two-place 

(x,y) or three-place (x,y,z) argument structure. 

Shapiro and Levine found a significant interaction of verb type by probe 

position. When the CMLD task was presented in the immediate vicinity of the 

verb, there was a significant effect of verb type. Dative verbs, the more complex 

of the three verb types in terms of argument structure possibilities, had 

significantly longer reaction times to the secondary task than did transitive or 

obligatory three-place verbs. When the CMLD task was presented at the point 

downstream, no effect of verb type was observed. Thus, verb argument 

structure appears to be exhaustively activated at the verb, but downstream, such 

effects disappear. The experimenters suggested two possible reasons for these 

findings: 

1) Due to the real-time nature of sentence processing, the complexity 

effect observed at the verb simply dissipates. As a sentence is 

processed and a verb is encountered, all argument structure 

possibilities are activated. As the sentence continues to unfold 

over time and subsequent noun and prepositional phrases are 

encountered, the effects observed fade away. Therefore, no 

effects would be found downstream; or, 

2) The structure of the sentence itself determines how a sentence is 

processed. As a sentence is processed and a verb is encountered, 
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all argument structure possibilities are activated. As subsequent 

noun phrases are encountered, the processor "assigns" thematic 

roles to these phrases. By the time the preposition is encountered, 

all thematic roles have been assigned, and, thus, no effects of 

argument structure are found downstream. 

To these possibilities a third can be added: Perhaps thematic roles are 

so much a part of the verb that this information is accessed whenever a verb is 

accessed. This information might therefore be unanalyzable and indivisible from 

the verb. By default then, it is only at the verb that such effects would be found. 
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2.0 Experiment: Post-Verb Argument Structure Effects 

The current experiment was an attempt to clarify the findings of Shapiro 

and Levine (1990) by examining post-verb argument structure effects. It was 

also an attempt to further investigate the failure of Schmauder's (1991) 

experiment to observe argument structure effects when using cross-modal 

naming. The experiment made use of three different verb types -- "pure" 

transitives, "datives," and obligatory three-place verbs. Three different 

processing possibilities were examined: 

1) Verb argument structure complexity effects are time-course related 

and dissipate over time; 

2) Verb argument structure possibilities are held in a "buffer'' by the 

processor until thematic role assignments can be made; and, 

3) Verb argument structure is simply an integral, inherent part of the 

verb itself and, therefore, no effects can be found post-verb. 

To examine these possibilities, sentences containing the same three verb 

types used in Shapiro and Levine (1990) were probed at various points during 

the sentences, using a cross-modal naming (CMN) task rather than a cross

modal lexical decision (CMLD) task. Cross-Modal Naming was chosen as the 

secondary task for this experiment because of Schmauder's earlier failure to 

replicate using this same task. Table 2 shows examples of verb types, 

sentences and probe positions(# indicates probe positions) . 
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Table 2: Sample Experimental Sentences from the Present Experiment 

Verb Sentence 
Transitive The housekeeper offended # the oldest # nephew# 

on # the stairs by yelling. 
Dative Bart sent# the tiny# present# to# his brother a 

week late. 
Obligatory Three-Place Mrs. Fletcher solved # the messy # murder # on # the 

wharf as it rained. 

The goal was to investigate one of the fundamental properties of language 

processing: The integration of a verb's argument structure into the subsequent 

processing of the sentence. First, it was predicted that the reaction times for the 

transitive verbs and the obligatory three-place verbs would be significantly faster 

than those of the dative verbs at the verb (probe position 1 ). This prediction was 

based on the previous findings of Shapiro and colleagues reviewed in Sections 

1.2 and 1.3. It was hypothesized that probe positions 2 and 3 were going to 

provide relevant information regarding the questions raised in Shapiro and 

Levine (1990). Three possible hypotheses were examined. 

One: If verb argument structure effects are time-course related and 

simply dissipate over time, a downward slope in the reaction times for all verbs 

after probe position 1 is predicted (Figure 1 ). Such a pattern will support the 

findings of Shapiro and Levine ( 1990) and explain the lack of effects 

downstream. Since argument structure effects will not be found post-verb, it will 

not be possible to observe the assignment of thematic roles during on-line 

sentence processing. 
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Figure 1: The expected reaction time means for Hypothesis One are plotted as 

a function of probe position. 

Two: If verb argument structure effects are structure-related, reaction 

times for transitive verbs will remain "level" through probe position 2, but 

"decrease at probe positions 3 or 4. For the dative and obligatory three-place 

verbs, reaction times will remain "level" through probe positions 2 and 3, and 

decrease at probe position 4 (Figure 2) . If present, such findings will support the 

explanation of Shapiro and Levine (1990) that argument structure possibilities 

are held in a "buffer'' of some sort by the processor until they are "assigned" to 

the noun and prepositional phrases encountered as the sentence unfolds over 

time. Further note, such findings may provide a possible observation of the on-

line assignment of thematic roles during sentence processing. 
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Figure 2: The expected reaction time means for Hypothesis Two are plotted as 

a function of probe position. 

Three: If verb argument structure is an inherent, integral part of the verb 

itself and therefore should only be observed at the verb, reaction times for all 

· verb types will drop after probe position 1 and argument structure effects will not 

be observable at probe positions 2, 3 or 4 (Figure 3). 
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Figure 3: The expected reaction time means for Hypothesis Three are plotted as 

a function of probe position. 

19 



3.0 Experimental Methods 

3. 1 Subjects 

Two groups of 12 subjects participated in the experiment. All subjects 

had normal or corrected-to-normal visual and auditory acuity and were native 

English speakers. Subjects ranged in age from 19 to 56 years and had a 

minimum educational level of a high school diploma. Subjects were either 

undergraduate or graduate student members of the university community or 

members of the surrounding community. 

3. 2 Materials 

Test materials consisted of thirty sentences with the three verb types 

distributed as follows: ten sentences containing ten transitive verbs, ten 

sentences containing ten dative verbs, and ten sentences containing five 

obligatory three-place verbs (two different sentences for each obligatory three

place verb)(see Appendix 6.2, 6.3). These test sentences were included in a list 

of fifty sentences, twenty of which were designed as foils. All sentences were 

quasi-randomly ordered with no more than three consecutive trials of a particular 

condition, and the test sentences were of similar form with the only relevant 

difference being the verb types. Further, non-verb items (e.g. , nouns, adjectives, 

etc.) were balanced across the different conditions. Five sentences from each 

verb class contained an identical direct object NP. One reason for doing so was 
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to analyze the three different verb classes in terms of possible real-time effects. 

For example: 

Obligatory three- place: "The gardener handed the rusty shovel to his 

assistant behind him;" 

Dative: "Kathy threw the rusty shovel to the boy in the 

woods;" and, 

Transitive: "Ralph measured the rusty shovel in the barn 

last week." 

Each test sentence was probed in one of four possible positions. For example: 

(1) (2) (3) (4) 
"Marilyn put# the broken# fixture# on# the shelf outside," (where# 

indicates probe position) 

(1) immediate vicinity of the verb; 

(2) three syllables downstream (in the immediate vicinity of the 

adjective of the following clause); 

(3) five syllables downstream (in the immediate vicinity of the noun of 

the following clause), and; 

(4) six syllables downstream (in the immediate vicinity of the 

preposition in the prepositional phrase). 

Verb classes were divided in such a manner that each subject received 

only one probe position per sentence per session, and all four probe positions of 

interest were presented across subjects. The assignment of subjects to a 
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particular group and sub-group was randomized. The difference between the 

two groups was the order of the probe presentation. 

All sentences were recorded onto a master cassette tape using a Marantz 

stereo tape recorder. Sentences were then digitized using SoundBiaster16 on 

a Dell personal computer. Sentences were recorded onto a single channel, with 

a sampling frequency of 22kHz. On the second channel, a 1000Hz tone was 

recorded at the positions in which probes were to be presented. All sentences 

were then recorded, together with the tones, back onto a cassette tape using the 

Marantz stereo tape recorder which was also used to present the sentences to 

the subjects. The tone, which was inaudible to subjects, triggered an Uher dia

pilot which was connected to the computer. The dia-pilot cued the computer to 

present the visual probe in a centered position on the computer monitor. The 

RTLab© (Swinney & Wong, 1987) software package was used to present the 

materials and to record the subjects' response times to the presentation of the 

· probe. 

The stimuli for the naming task were matched for length of word, number 

of syllables, initial phoneme, and frequency of occurrence (Francis & Kucera, 

1982)(see Appendix 6.4). The presentation of the probe was in mixed case, for 

example, BoNd, to insure that the secondary task was difficult enough to 

interfere with the primary task ( cf. Shapiro, Brookins, Gordon & Nagel, 1991 ). 

The position of the probe in the sentence was varied in order to lessen any 

expectation effects on the part of the subjects. In order to prevent priming 
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effects, the probe was not related to, nor did it continue, the sentence in any 

meaningful manner. 

Two stimulus files were produced for each group with different orders of 

visual probe items associated with the verbs in each category. Two different 

subject subgroups were established for each of the subject groups with each 

subgroup receiving a different probe file . For example, a subject in subgroup 1 

received the visual probe caLL when confronted with a transitive verb in a taped 

sentence and also received the visual probe PAir when confronted with a dative 

verb during the first experimental section. During the second experimental 

session, the same subject received the visual probe paiR when confronted with 

a transitive verb in a taped sentence and received the visual probe CAll when 

confronted with a dative verb. The order was reversed for subjects of subgroup 

2. This design feature was to rule out attributing reaction time patterns to any 

particular combination of visual probe and verb or sentence and instead would 

· allow the interpretation of reaction time patterns only in terms of verb effects. 

3.3 Procedure 

Subjects were seated in front of a computer screen and listened to 

sentences for meaning over headphones. The headphones were equipped with 

a microphone to record the naming responses. During the course of a sentence, 

a word (the probe) appeared on the computer screen. As quickly as possible, 

the subjects pronounced or "named" the word while the sentence continued to 

23 



play. The computer recorded the reaction time of the subjects' naming of the 

word relative to the onset of probe presentation. Subjects were required to 

demonstrate their understanding of the sentences by paraphrasing randomly 

chosen, by the experimenter, trials (approximately 20% of trials). 

Subjects participated in two experimental sessions with each session a 

minimum of one week apart. A 20-sentence practice session was given before 

each experimental session. During this practice session, subjects were trained 

to avoid verbal hesitation when naming the probe, e.g., "uh ... CALL." Feedback 

in milliseconds was given by the computer after each sentence during both the 

practice and experimental sessions. Subjects were instructed that their only 

concern with the feedback was that it not be 4000 ms. (at which point the timer 

reached its maximum). If the feedback was 4000 ms., it indicated to the subjects 

that their spoken response had not been "loud" enough to trigger the recording 

mechanism and that they should speak louder. 

3.4 Results 

3. 4. 1 Preliminary Data Analysis 

Subjects performed virtually flawlessly when asked to paraphrase 

randomly selected sentences. This was interpreted as indicating that subjects 

were indeed attending to the sentences. 

As the next step, subjects whose responses contained an error rate of 

greater than 20% were eliminated. Non-responses as well as response times 
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that were faster than 300 ms. or slower than 2000 ms. were considered to be 

subject error. This resulted in the elimination of four subjects from each group, 

bringing the number of subjects to sixteen, eight per group. 

3.4. 2 Analysis: Verb x Probe 

A repeated measures analysis of variance was performed on the mean 

data for each subject, with probe position (four levels) and verb type (three 

levels) as the within subject variables. No main effects of verb F(2, 180)=0.37, 

p>0.68, or probe F(3, 180)=0.11, p>.95, were observed. There were no 

significant interactions of verb x probe F(6, 180)=0.388, p>0.885. Figure 4 

shows the data used in the analysis. 

-.\-Trans 

-o--- Dative 

-4-0blig 

u 1000 
Gl 
Ill 900 E 
§. 800 
Ill 
Gl 700 E 
f= 600 c: 
0 .. 500 () 

"' Gl 400 0::: 

2 3 4 

Probe Position 

Figure 4: Subjects' reaction time means for the three verb types are plotted as a 

function of probe position. 
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At first glance, the data suggest some sort of interaction between verb 

type and probe position did occur (Figure 4). However, the standard deviations 

were very large, considering that the mean reaction times at the 4 probe 

positions had a difference of only 29 to 65 ms. The variability, as indicated by 

the standard deviations, ranged from 128 to 221 ms. for the transitive verbs, 120 

to 195 ms. for the datives, and 161 to 233 ms. for the obligatory three-place 

verbs. Surely, such large variability among subjects contributed to the lack of 

significant results (see Figure 5 for transitive data). This variability was much 

greater than expected. Typical standard deviations in previous experiments by 

Shapiro and colleagues has ranged from approximately 85 ms. to 120 ms. 

(Shapiro, 1996). 

u 1000 
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:§. 800 I 

I m +1 SD 
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Cll 700 ~~ • -1 SD E 
i= 600 _._Mean 
r:::: 
0 • :0:: 500 • () 

"' Cll 400 0:: 

1 2 3 4 

Probe Position 

Figure 5: Subjects' means for the transitive verbs are plotted as a function of 

probe position with plus/minus one standard deviation present. 
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Because Shapiro, Gordon, Hack & Killackey (1993) replicated the results 

of Shapiro & Levine (1990) using only two of the three verb types (transitives 

and datives), an analysis of variance with repeated measures using only 

transitive and dative verbs was performed. The results of this analysis were 

nonsignificant for the main effects of verb F(1 ,120)=0.37, p>.54, and probe 

F(3, 120)=0.17, p>0.91 , and the interaction of verb x probe F(3, 120)=0.49, 

p>0.68. 

The data from the repeated phrase sentences were analyzed separately. 

Using the same sixteen subjects from the analysis above, analysis was 

performed on the reaction times for the specific sentences. Means were 

computed for each probe position for each sentence and a two-way analysis of 

variance was performed. Table 3 shows the data used in th is analysis. No 

interaction of verb x probe was found. 

Table 3: Repeated Phrase Sentences 

Repeated Phrase F(6,72)= p> 
" ... the broken fixture .... II 0.250 0.95 
" ... the rusty shovel. ... II 1.07 0.39 
" ... the worn-out briefcase .... II 1.038 0.4 
. . . er en 1re a er ... " h r P• 1p1 II 1.254 0.296 

" ... the costly package .... II 0.999 0.434 

3.4.3 Probe Analysis: Reaction Times vs. Frequency of Occurrence 

Because no significant results emerged, attention was turned to the 

probes used in the cross-modal naming task. Means were acquired for all 

probes regardless of probe position and verb type. Probes were divided into two 
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categories: (1) those used twice, and (2) those used four times during the 

experimental sessions. Correlation and regression analyses were performed 

contrasting the mean reaction time for each probe with the probe's frequency of 

usage in the English language (Francis & Kucera, 1982). Probes appearing four 

times had a correlation of 0.215 and an ,-2=0.046. Probes occurring twice had a 

correlation of -0.222 and an ,-2=0.049. Neither correlation nor regression was 

significant. This was taken as an indication that the naming task was not 

sensitive to word frequency. 
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4. Discussion 

The results, or rather lack thereof, were rather surprising, considering that 

Shapiro, Gordon, Hack & Killackey (1993) duplicated the results of Shapiro and 

Levine (1990) with two of the three verb types (transitives and datives) in this 

experiment in a cross-modal lexical decision paradigm. In fact, the cross-modal 

naming task produced no significant results with the three verb types examined 

in Shapiro & Levine (1990) or with the two verb types studied by Shapiro, 

Gordon, Hack & Killackey (1993). There are two possible reasons suggested for 

this pattern of results: (1) the choice of cross-modal naming as the secondary 

task; and, (2) the high variability of reaction times among subjects. 

Naming was chosen as the secondary task for several reasons. To insure 

that results are not an artifact of the experimental paradigm used, it is important 

to determine if comparable results can be obtained using other techniques and 

testing paradigms (Tabossi, 1991 ). Schmauder (1991) attempted to replicate 

the results of Shapiro et al.'s (1987) earlier findings using cross-modal naming, 

eye tracking and cross-modal lexical decision as the secondary tasks and was 

unsuccessful. Although Shapiro, Brookins, Gordon & Nagel (1991) re

established that on-line verb argument structure effects arise when using cross

modal lexical decision as the secondary task, one purpose of this present study 

was to examine whether or not these effects generalize to cross-modal naming 

as a secondary task. 
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The absence of a strong negative correlation between the probes and 

their frequencies of usage suggests that the naming task was not sensitive to 

word frequency. The probes in this experiment were identical to those studied 

by Schmauder (1991 ), however, probe presentation was of the manipulated 

format (mixed case) used by Shapiro et al. (1991 ). Although the probes in the 

manipulated format did produce significant results in a cross-modal lexical 

decision task, they did not do so in cross-modal naming. This is one indication 

that cross-modal naming may not be sensitive to on-line verb argument structure 

complexity effects. 

Naming is also considered to be a less "contaminated" measure of lexical 

access than lexical decision in that it does not contain a decision-making or 

evaluative element. Boland (1993) used cross-modal naming and cross-modal 

lexical decision to measure post-access verb effects, however hers was a 

priming paradigm and not a secondary task that attempted to measure 

processing load. It has been suggested that lexical decision and naming appear 

to index different representations or are sensitive to different semantic 

representations. Some researchers have proposed that naming is sensitive to 

subcategorization rather than argument structure (Boland, 1993; O'Seahgdha, 

1991; Trueswell, Tanenhaus & Kello, 1993). If this is indeed the case, it may 

explain why no significant findings emerged from the present study. It is 

possible that this experiment used the wrong task to measure argument structure 

complexity effects. 
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At all probe positions the variability among subjects for each probe 

position was greater than the reaction time differences in the probe positions. 

This variability was greater than expected, much greater than in previous studies 

by Shapiro and colleagues (Shapiro, Zurif & Grimshaw, 1987, 1989; Shapiro & 

Levine, 1990; Shapiro, Brookins, Gordon & Nagel, 1991; Shapiro, Nagel & 

Levine, 1993; Shapiro, Gordon, Hack & Killackey, 1993). With this small range 

of difference in reaction times and large range of variability among the standard 

deviations at the probe positions, it was not surprising that the results were non

significant. Results were expected in the repeated phrase sentences, even if 

they were not present elsewhere. In fact, even in the sentences with the 

repeated phrases, no interaction of verb x probe position emerged. 

Due to the non-significant results found in the present experiment, it is not 

possible to address the three hypotheses proposed to account for the findings of 

Shapiro & Levine (1990). However, the failure of the current experiment to 

observe verb argument structure effects should not be taken as an indication 

that they do not exist. Failure to observe effects in a parsing experiment based 

on potential timing differences is not reason enough to conclude they do not 

exist (Fodor, 1988). There are two areas of concern when reaction time 

paradigms produce non-significant results. The first area of concern is that the 

experimenter is never sure that he/she is truly measuring what he/she is 

attempting to measure. The second area is that the experimenter is not certain 
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whether the response time is actually sensitive to the task or to a strategy or 

heuristic adopted by the subjects performing the task, or both (Tabossi, 1991 ). 

The feedback provided during the experimental sessions was given to 

insure that the subjects' volume was at a level necessary for the equipment to 

record the naming responses. This may have had two possible effects on 

subjects. For some subjects, it may have provided a "distraction" that interfered 

with their performance of the task. Other subjects may have adopted a "beat the 

clock" approach which could have influenced their responses. 

Further research is needed before a final determination is made, but this 

study indicates that cross-modal naming may not be sensitive to the observation 

of verb argument structure complexity effects. 
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6. Appendix 

6.1 Verb Types used in Shapiro eta/., 1987 

Pure Transitive 
(x,y) 
Agent, Theme John fixed the car. 
[ NP] 

Nonalternating Dative 
(x,y) 
Agent, Theme John donated the car. 
[_NP] 
(x,y,z) 
Agent, Theme, Goal John donated the car to the Boy Scouts. 
[ NP PP] 

Alternating Dative 
(x,y) 
Agent, Theme John lent the car. 
[ _NP PP] 
(x,y,z) 
Agent, Theme, Goal 
[ _NP PP] John lent the car to the Boy Scouts. 
[ NP NP] John lent the Boy Scouts the car. 

Two-Comglement 
(x,y) 
Agent, Theme 
[ _NP] John accepted the car. 
[ S'] John accepted that the car was gone. 

Four-Comglement 
(x,y) 
Agent, Theme 
[ _NP] John discovered the car. 
Agent, Proposition John discovered that the car was gone. 
Agent, Exclamation John discovered what an idiot he was! 
Agent, Interrogative John discovered why the car was gone. 
[ S'] 
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6.2 Verbs 

Transitive Verbs 

Secure 

Measure 

Fix 

Solve 

Exhibit 

Adopt 

Aid 

Locate 

Cherish 

Offend 

Dative Verbs 

Donate 

Address 

Deliver 

Carry 

Take 

Lend 

Feed 

Throw 

Sell 

Send 
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Obligatory Three-Place Verbs 

Put 

Place 

Will 

Hand 

Devote 



6.3 Experimental Sentences by Verb Type 

Transitives 

The lawyer secured the broken fixture to the wall on Thursday 

Ralph measured the rusty shovel in the barn last week. 

Jim fixed the worn-out briefcase in the garage after dark. 

Mrs. Fletcher solved the messy murder on the wharf as it rained. 

Thomas exhibited the lovely paintings on the sidewalk at the art show. 

The carpenter adopted the fluffy kitten in the rain on Friday. 

The teacher aided the weary driver on the highway at midnight. 

Beth located her entire paper in the desk last week. 

The conductor cherished the costly package on the dresser from last Christmas. 

The housekeeper offended the oldest nephew on the stairs by yelling. 

Datives 

Gayle donated the broken fixture to the church last week. 

The cook addressed the costly package to her mother yesterday. 

The secretary delivered the worn-out briefcase to the store last Thursday. 

Jarred carried the wooden bucket to the well on Wednesday. 

The student took his puny savings to a bank down the street. 

Jeffrey lent his brand-new cooler to his friends for the weekend. 

The courier fed a tasty dinner to the hungry troops after the battle. 

Kathy threw the rusty shovel to the boy in the woods. 
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Cindi sold her entire paper to a publisher in New York. 

Bart sent the tiny present to his brother a week late. 

Obligatory Three-Place 

Marilyn put the broken fixture on the shelf outside. 

The gardener put the secret folder in his desk at 5 pm. 

The professor placed the worn-out briefcase on the floor instead. 

John placed the heavy toolbox in the truck last night. 

The minister willed the costly package to his nephew last week. 

Stephanie willed her antique necklace to the church downtown. 

The executive handed the rusty shovel to his assistant behind him. 

Michael handed the oblong platter to the girl through the window. 

Laurie devoted her entire paper to the handicapped in the suburbs. 

Sandra devoted her leisure reading to the classics last year. 

43 



6.4 Cross-Modal Naming Probes 

TEAM TEETH BANG CALL 

TROOP GAIN BLOT CAST 

PEAT BOND GUEST GOAL 

CAUSE GATE PATH PLAY 

PAGE GUARD CLEAR TRUE 

BUILT DRIVE CAMP PROUD 

GAME BOOK DATE BANK 

CLIMB PRESS TONE BRANCH 

COLD GRADE CLAIM CURVE 

POUND CLOUD COOK POST 

BASE BIRD 
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