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The processing of sentences sometimes requires the computation of long-distance dependencies, or relationships 
between non-adjacent elements of a sentence. One example is syntactic movement, whereby a moved element, 
the filler, must be linked with its original position in the sentence, the gap (Which song did the band that won the 
contest play ___?) Another example is referential binding, whereby a pronoun is linked with its antecedent (The 
man went to the store because he wanted a carton of milk). Previous research has documented increased 
activation in the anterior portion of Broca’s area in fMRI for sentences with syntactic movement with a longer 
distance between filler and gap, but not for sentences with referential binding with longer distance between 
antecedent and pronoun (Santi & Grodzinsky, 2007). Santi and Grodzinsky interpret these results to suggest that 
this region in Broca’s area responds selectively to syntactic movement, and not to other processes involved in 
dependency resolution. However, the dependency resolution processes involved for syntactic movement are 
online and active (Stowe, 1986; Frazier & Flores D’Arcais, 1989) given that the presence of a filler predicts a gap, 
whereas the dependency resolution processes for standard binding generate no such prediction (Kazanina, 
2007). Therefore, the lack of a distance effect obtained by Santi & Grodzinsky (2007) for the binding condition in 
Broca’s area does not rule out the possibility that the activation for movement reflects other dependency 
resolution processes, such as working memory or the active search for a gap. The current study corrects for this 
by using backwards anaphora, wherein the pronoun precedes the antecedent, creating an online prediction for 
the antecedent (Because he wanted a carton of milk, the man went to the store). We manipulated distance by 
inserting a relative clause either between the filler and gap in WH-movement sentences or between pronoun and 
antecedent in backwards anaphora sentences. This created a 2x2 design with factors construction (WH-
movement, backwards anaphora) and distance (short, long). In addition, two other conditions were added: 
semantically anomalous sentences and a speech articulation task (repeat the sequence /pa/…/ta/…/ka/ 
subvocally for 5s). All conditions were presented randomly within each experimental run; sentences were 
presented auditorily. The semantically anomalous sentences were constructed by creating WH-movement and 
backwards anaphora sentences of both short and long distances and creating a selection restriction or thematic 
role violation (Which car did the squirrel that had a fuzzy tail drive ___?) The subjects were instructed to press a 
button if they heard a sentence that was unusual in meaning; this was to ensure that subjects paid attention 
throughout the experiment. The subvocal articulation condition was included to test the hypothesis that at least 
some activation in Broca’s area might be due to verbal working memory, according to Rogalsky et al. (2008). 
Each experimental trial had duration of 10s: onset of the stimulus jittered by 0-1.5s, followed by stimulus of length 
3.5-5.5s, followed by a variable length of silence until the next run. Subjects were cued to articulate by a flickering 
fixation point that lasted for 5s. Subjects were scanned in 10 functional runs of 5min 15s duration and 1 
anatomical scan at the Philips Achieva 3T scanner on the UCI campus. Whole brain data were collected using a 
gradient-echo EPI sequence with the following parameters: TR=2s, TE=30ms, matrix=110x90, FOV=220x180mm, 
43 sequential ascending slices with 3mm slice thickness (0.5mm gap) resulting in 2x2x3.5mm voxel dimensions, 

flip angle=90. The data were analyzed in AFNI with standard preprocessing steps, and a regression analysis 
performed on each subject’s individual data. Regression coefficients from each subject were entered into a 
second level random-effects analysis using AFNI’s 3dANOVA2 function. Our results revealed a main effect of 
distance as well as simple effects of distance for both constructions in the anterior portion of Broca’s area. The 
fact that backwards anaphora produced distance effects as well as movement constructions suggest that this 
region’s involvement in sentence processing is not restricted to movement per se, but another dependency 
resolution process such as working memory or the active search for a gap/antecedent. Further research is 
required to determine whether these activations reflect a more general linguistic process such as thematic role 
checking (Caplan et al., 2008) or semantic unification (Hagoort et al., 2005), or if they reflect a non-linguistic 
process such as cognitive control (Novick et al., 2005). 

  


