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unnatural level of meta-linguistic analysis. Second, it provides an opportunity to observe what is 
expected rather than unexpected; it is a glimpse at everyday sentence processing rather than a 
measurement of breakdown due to a surprising occurrence. Third, it provides a continuous record 
of the listeners’ eye movements/expectations as the utterance unfolds, yielding a more detailed 
picture of processing over time, as well as an indication of the time course of initial expectations 
versus readjustment of expectations and recovery from misanalyses. Fourth, it provides data that 
are referentially grounded; hence, while filled gap effects in reading time studies, for example, can 
tell us whether a gap was expected, eye movements can in principle indicate the referential content 
of the expected gap. Fifth, because of the simplicity of the task involved, it can be used to study 
processing in populations that are generally not amenable to more traditional experimental 
methods. The prospect of extending studies of the processing of filler-gap relations in this way is 
particularly attractive, given the attention this linguistic phenomenon has received in the language 
acquisition literature (e.g., see de Villiers, Roeper and Vainikka, 1990) and the discussion of 
complex syntactic dependencies in agrammatic populations (e.g., Caramazza and Zurif, 1976; 
Schwartz, Linebarger, Saffran and Pate, 1987).  
 
2. Experiment 1 
2.1 Rationale 
 The purpose of Experiment 1 was to determine whether the presence of a wh-filler, and 
hence, the detection of a syntactic dependency, results in an active search for the gap referent over 
and above any mechanism involved in general anaphoric mapping of a verb’s arguments to an 
available discourse context. As shown by Altmann (1999) and Altmann and Kamide (1999), a 
certain degree of anticipation of a verb’s upcoming arguments can be observed even in the absence 
of a displaced wh-filler. To compare the effects seen in gapped constructions with those of their 
non-gapped counterparts, the current study included narratives followed by questions containing 
overt WH-fillers as well as similar questions presented in yes/no form (e.g., “What did Jody 
squash the spider with?” vs. “Did Jody squash the spider with a shoe?”). The measure of interest 
was the pattern of participants’ eye movements to a visual display depicting characters and objects 
referred to in the narrative. Cooper (1974) found that subjects generally looked at line drawings of 
objects depicting referents or objects related to referents shortly after the relevant referential 
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anticipatory eye movements to referents corresponding to potential upcoming arguments of the verb 
than the Yes/No condition. 
 
2.2 Participants, materials, and procedure 
 16 members of the Brown University community were recruited and paid for their 
participation in the study. All participants were non-bilingual, native speakers of English. All had 
normal uncorrected vision or wore soft contact lenses. 
 Subjects were presented with a short narrative followed by a question directly related to 
the story they had just heard. The questions involved highly transitive verbs and were either yes/no 
questions (“Did Jody squash the spider with her shoe?”) or wh-questions where the direct object 
argument of the transitive verb was filled by an overt NP (“What did Jody squash the spider 
with?”). The stories provided contexts which unambiguously defined the participants and their 
roles with regard the action described by the main verb of the question. Subject were instructed to 
give verbal answers at the end of each question. Since all of the critical wh-questions had a gap in 
oblique position (i.e. as object of the preposition), an equivalent number of filler trials consisting 
of wh-questions containing an unambiguous direct object gap was also included in the experiment. 
In addition, as all of the critical yes/no questions required a positive response, an equivalent 
number of fillers eliciting a negative response was included for counterbalancing. In total, 
Experiment 1 contained 10 critical items, (5 of which appeared in wh-form and 5 of which 
appeared in yes-no form), 5 wh-question filler trials with unambiguous direct object gaps, and 5 
yes-no questions for which the correct answer was "no." In order that each critical item should 
appear in both yes/no and wh form, two separate lists of materials were constructed. For any given 
item, half the subjects heard the question in its wh form, while the other half heard the yes/no 
version. A complete sample item is shown below, with the accompanying visual display in Figure 
1. 
 

Jody was eating breakfast one morning when she saw a big hairy spider creeping across 
the table towards her. Jody, whose terrible arachnophobia had caused her to seek therapy a few 
years ago, drew on the techniques of relaxation and anxiety management that her psychologist 
had taught her. Instead of screaming or freaking out, she calmly took off her shoe and slammed it 
down on top of the spider. She ate the rest of her Froot Loops in peace. 
 

Did Jody squash the spider with her shoe? 
Or 

What did Jody squash the spider with? 

 
 While hearing both the narrative and the question, subjects viewed a display containing 
characters and objects mentioned in the story, as illustrated above. The display contained both the 
object that had been defined in the story as the direct object of the main verb of the question (e.g., 
the spider), as well as an object that had played another role in the same action and that would 
eventually turn out to be the correct response to the wh-question (e.g., the shoe). Stories and 
displays were presented on a G3 Apple computer and 20” ColorSync monitor, using RSVP, a 
Macintosh-based program designed for the presentation of timed visual and auditory stimuli. 
Subjects were instructed to keep their eyes on the computer screen during the experiment, but were 
otherwise given no instruction of where to look. 
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plotted the average proportion of looking to a distractor item. Also, since the task did not directly 

milliseconds after verb onset
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of the cumulative probability of having made an eye movement to a specific object. A qualitative 
assessment of these data reveal that the difference in cumulative responses between target and 
competitor objects appears to be greater for the wh-condition than the yes/no condition. For the 
purposes of statistical analysis, we identified the point corresponding to 200 ms after verbs offset, 
and compared scores for the competitor and target objects minus the baseline (i.e., one half of the 
cumulative proportions of trials containing a look to one of the distractor objects). 

These data were submitted to a repeated measures 2x2 ANOVA with object and condition 
as independent factors, and subjects and items as random variables. The analysis revealed a main 
effect of object (F1(1,15)=8.81, p=.01; F2(1,9)= 8.88, p<.05), with more looks to the competitor 
than target overall, and an effect of condition that approached significance (F1(1,15)=4.55, p=.05; 
F2(1,9)= 4.04, p<.08). The crucial interaction of subject by condition was not significant 
(F1(1,15)=1.41, p>.25; F2(1,9)= 1.55, p>.2). Thus, while the general pattern of data was consistent 
across the two measures, the analysis of cumulative responses did not reflect the differences in 
patterns for looks to objects across conditions as robustly as did the fixation time measure. This 
may be due to the fact that, in a task such as this where a good deal of scanning behavior was 
elicited, the cumulative response measure treated fleeting glimpses due to scanning as equivalent 
to prolonged looks to objects that reflected attempts to establish reference. The fixation time 
measure, however, would not have treated these equivalently, and therefore may have been a more 
sensitive measure in this case. 

In addition, paired t-tests were computed for each condition separately, and revealed that 
cumulative looks to target and competitor items differed significantly in the wh-condition 
(t1(15)=2.77, p<.05, t2(9)=3.23, p<.05) but not in the yes/no condition. While the results of the t-
tests need to be interpreted with caution, given the marginal significance of the interaction, they are 
quite consistent with the results of the fixation times analyses reported above.  
 Further confirmation for the differences across wh- and yes/no conditions as measured by 
cumulative responses can be gleaned by determining the earliest point at which looks to the target 
item and looks to the competitor item diverge significantly from baseline. We defined this as the 
earliest point where a t-test shows that cumulative proportions of trials containing a look to the 
item in question (target or competitor) versus looks to the distractor item become significantly 
different from each other. We also stipulated that this difference persist for at least 100 ms to be 
considered stable enough to represent a real divergence. As these values were bounded by 0 and 
1, this analysis was performed on the arcsine transformed version of the cumulative proportions.  
 For wh-questions, the competitor item diverged significantly from baseline at 33 ms from 
verb onset, both in the subjects and items analyses. In contrast, for Yes/No questions, the 
competitor item differed significantly from baseline 924 ms after verb onset in the subjects 
analysis, but never diverged from baseline in the items analysis. The target item diverged from 
baseline 1320 ms after verb onset in the subjects analysis (924 ms by items) in wh-questions, 
which was considerably earlier than in the yes/no conditions, where the target item diverged from 
baseline at 2409 ms and 1881 ms by subjects and items respectively.  
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account differences in the individual item lengths. Regions were displaced by 200 ms to account 
for average programming time of eye movements. Baseline-adjusted scores within each scoring 
region were calculated as in Experiment 1 for each item (as shown in Table 2), and submitted to a 
repeated measures ANOVA with condition and object as independent factors. In region 1 
(corresponding to the verb, offset by 200 ms), the only effect to approach significance was the 
main effect of object in the subjects analysis (F1 (1,15)=4.02, p=0.06; F2 (1,9)= 1.86, p=0.21), 
with a slight overall bias in favor of the competitor object. In region 2 (corresponding to the 
preposition, offset by 200 ms), there was a main effect of object (F1 (1,15)=10.15, p<0.01; F2 
(1,9)= 6.08, p<0.05), with competitor objects overall eliciting longer fixation durations. This 
effect was entirely due to the transitive condition, with values virtually identical (and in the 
opposite direction) for the intransitive verbs. The interaction of object and condition was 
significant (F1(1,15)=5.23, p<0.05; F2(1,9)= 5.00, p=0.05). Pair-wise comparisons revealed there 
to be a significantly greater proportion of fixations to the competitor object in the transitive 
condition (F1(1,15)=14.78, p<0.01; F2(1,9)= 15.27, p=0.01), but no difference in the intransitive 
condition (F1(1,15)=0.01, p=0.94; F2(1,9)= 0.02, p=0.90). 
 

 
 Verb Region     

      
   Object   
  Preference target competitor  
  Intransitive -2 10  
  Transitive 0 37  

 Preposition 
Region 

    

      
   Object   
  Preference target competitor  
  Intransitive 43 41  
  Transitive -33 84  
 

TABLE 2: Baseline-adjusted fixation durations (in ms) across regions for Experiment 2. 

 
As in Experiment 1, cumulative responses were computed and analyzed at the verb offset 

plus 200 ms (see Figure 6). Cumulative proportions of trials looks to competitor and target were 
adjusted to baseline and submitted to a repeated measures ANOVA. There was no main effect of 
condition (Fs<1). The main effect of object was significant in the subjects analysis only 
(F1(1,15)=4.53, p=0.05; F2(1,9)= 2.27, p>.15). The interaction of object by condition approached 
significance in both analyses (F1(1,15)=3.31, p<0.09; F2(1,9)= 3.39, p<.1). 

Separate paired t-tests were computed for each condition. For transitive preference verbs, 
this analysis revealed significantly higher proportions of looks to the competitor item than the 
target item (t1(15)=2.44, p<.05, t2(9)=2.04, p<.05). For intransitive preference verbs, however, no 
such difference was found. Using the procedure and guidelines described in experiment 1, we 
calculated the point of divergence from baseline on the arcsine transformed cumulative 
proportions of looks for each item in both conditions. For wh-questions involving highly transitive 
verbs, cumulative looks to competitor items became significantly higher than baseline 462 ms after 
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verb onset by subjects, (660 ms by items), For questions involving highly intransitive verbs, there 
was no divergence between competitor and baseline items. These data reflect a temporary bias 
towards the competitor object in the transitive condition, with no such expectations in the 
intransitive conditions, suggesting that subjects initially take the wh-dependency to involve the 
direct object position. This temporary misanalysis results in an ultimate slowing in the 
identification of the correct target, where cumulative looks to target item rose above baseline 
1551ms. after verb onset in both the subjects and items analyses as compared to 627 ms (and 792 
ms by in the items analysis) for the intransitive condition. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 6: Cumulative fixations to display items in Experiment 2. 

 
The results of the above analyses indicate that the projection of the gap site is moderated 

by verb argument structure and provides converging evidence with other studies arriving at similar 
conclusions. In wh-questions where the verb used is typically seen in transitive form, participants 
assume that the potential direct object of the verb will be the referent of the filler, as indicated by 
the larger proportions of looks to the competitor item than to the target item, and by the early 
divergence of proportions of looks to the competitor from baseline. When the verb used in the wh-
question is typically found in intransitive form, the potential direct object is not regarded as a 
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potential referent for the filler. Instead, it is treated as a distractor item, in that it never diverges 
from baseline within the course of the trial. Nor does it ever receive more attention than the target 
item. These effects occurred in the absence of a discourse-linked wh-phrase (WHICH N), 
suggesting that bare wh-phrases are in fact sensitive to lexical information such as verb argument 
structure.  
 
4. General Conclusions 
 
 The results of Experiment 1 provide support for the claim that the identification of a wh-
filler results in an active search for the referent corresponding to the filler. This search is 
measurably more urgent and constrained than attempts to identify relevant referents on the basis of 
discourse context and verb-argument information in the absence of a wh-dependency. Furthermore, 
Experiment 2 provides evidence for the use of verb-based information in constraining possible 
referents for fillers, and shows that the use of such information is not restricted to fillers with 
lexical content, as suggested by DeVincenzi (2000).  
 Much of the literature on wh-dependencies has focused on the relationship between the wh-
element and the syntactic/thematic properties of the verb, and it has been widely argued that 
constraints originating from the verb’s thematic/argument structure provide much of the impetus for 
predictive identification of the gap site. It has been found, for instance, that while subjects 
typically attempt to resolve the dependency at the earliest potential post-verbal location, similar 
expectations for the subject location, another possible gap location, have been difficult to 
document (e.g., Stowe, 1986). However, there is some suggestion in the data from the present 
study that attempts to identify the referent corresponding to the wh-word may occur prior to the 
verb. Specifically, note that in Experiment 1, looks to the competitor object began to diverge from 
looks to other objects essentially at the onset of the verb, indicating that eye movements to this 
object were beginning to be programmed in some cases prior to any information about the verb 
itself. It is possible that predictive processing is occurring based on expectations regarding the 
subject noun and its agenthood in certain kinds of events. Interestingly, Experiment 2 showed looks 
to competitor objects diverging from others at some later point, presumably in response to 
information available from the verb. It may be the case that the materials in Experiment 1 permitted 
for more constrained hypotheses regarding likely events prior to the verb than the materials in 
Experiment 2. This seems plausible, as the stories in Experiment 2 were carefully constructed such 
that the situation contained a salient entity that would eventually be the correct referent for the wh-
filler as well as an entity that served as a potential direct object for the verb in the transitive 
condition. The stories in Experiment 1 may have favored events focusing on the potential direct 
object to a greater extent. Some support for this comes from an informal post-hoc questionnaire, in 
which 16 new subjects who had not participated in the previous experiment were recruited and 
asked to read the stimulus stories, and supply a reasonable question querying the content of the 
story, based on a fragment up to and including the subject noun (e.g., “What did Jody 
________?”). Subjects provided questions for which the competitor object was the correct answer 
64% of the time for Experiment 1 material, versus 51% for Experiment 2 materials. This 
difference, while not large, was significant (F(1,15)=6.36, p<0.05),and is therefore suggestive. 
More research is required to better identify the nature of the information that can be used to predict 
likely thematic roles for wh-words, and to determine whether this experimental paradigm has the 
potential to be more sensitive at probing constraints that may be more subtle than those originating 
from verb-based representations. 
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 This study also raises some significant methodological implications. The naturalness and 
time-course sensitivity of the task allays some concerns over results from methodologies such as 
stop-making-sense tasks as tapping into post-processing stages only. In addition, the naturalness 
and simplicity of the tasks makes it possible to probe not only the processing mechanisms, but also 
representational capacities of populations for whom administering tasks that involve overt 
judgments or a high degree of literacy can be problematic. For instance, this paradigm might be 
used to investigate the nature of verb argument representations in children, or to search for 
evidence of control over grammatical constraints on wh-dependencies, as well as to evaluate 
models of information integration and processing under various complexity demands. Research in 
domains such as this could potentially serve as a catalyst for the closer integration of 
understanding of language processing, learning and language disorders.  
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