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Introduction: Verbs are central to sentence processing, as they have been argued to encode 

argument structure information. The behavioral and neural correlates of argument structure 

processing have primarily been investigated in sentence-level tasks, in which it is difficult to 

distinguish between verb processing and verb-argument integration. In the current functional 

magnetic resonance imaging (fMRI) study, we investigated argument structure processing 

using a lexical decision task requiring verb processing but no integration. We investigated 

three aspects of argument structure complexity: number of -roles (transitive vs. intransitive 

verbs), number of thematic options (alternating vs. nonalternating verbs), and (non)canonicity 

of thematic mapping (unaccusative vs. unergative and transitive verbs).  

Methods: 29 healthy, right-handed, monolingual, adult English speakers performed visual 

lexical decisions to four verb types: unergative (e.g., to wait), transitive (e.g., to collect), 

nonalternating unaccusative (e.g., to arrive) and alternating unaccusative (e.g., to dissolve), 

and pseudoverbs (e.g., to ventire), in an event-related design. Scanning took place on a 

Siemens TIM Trio 3T scanner. Behavioral analysis was performed using mixed-effects 

regression. fMRI data analysis was performed in SPM8, with group analyses thresholded at p 

< .05 corrected for multiple comparisons.  

Results: Behavioral results: Reaction times (RT) were longer for nonalternating 

unaccusatives as compared to the three other verb types. No additional effects were found.  

Imaging results: The results are presented in Figure 1. The contrast testing effects of number 

of thematic roles (transitive > unaccusative + unergative) revealed a cluster of activation in 

the left posterior MTG and middle occipital gyrus. The contrast testing the effect of number 

of thematic options (alternating unaccusative > transitive + nonalternating unaccusative + 

unergative) revealed no significant activation. A significant effect of unaccusativity 

(nonalternating unaccusative > transitive + unergative) was found in the left precentral 

gyrus and pars opercularis of the inferior frontal gyrus (IFG). No activations were found in 

the reverse contrasts.  

Discussion: Our findings suggest that different dimensions of argument structure complexity 

are processed differently, with distinct neural instantiations. As in previous studies (e.g. 

Thompson, Bonakdarpour, & Fix, 2010), increased number of -roles did not affect response 

latencies, but elicited greater activation in left posterior perisylvian regions, supporting 

storage of argument structure representations (Thompson & Meltzer-Asscher, in press).  

The number of thematic options had no effect on RTs or neural activation patterns. This 

may indicate that alternating verbs in English have a lexical representation similar to that of 

transitive verbs, e.g.: break <Cause, Theme>, with the option of not realizing the Cause role 

stemming from a general principle stating that it can remain unassigned (cf. Reinhart, 2002). 

In contrast, unaccusative verbs elicited longer response times and were associated with 

activation in the left pars opercularis. This suggests that these verbs require increased 

processing resources in cognitively healthy adults, consistent with the finding that they are 

difficult for people with aphasia to produce, even in isolation (e.g. McAllister et al., 2009).  

The left IFG activation we observed is in line with previous findings indicating that this 

region supports the processing of passive sentences (Mack et al., 2013) as well as sentences 

with unaccusatives (Shetreet et al., 2010). The present finding raises the question of whether 

lexical or syntactic processes underlie this activation. Movement accounts (e.g. Burzio, 1986) 

propose that the internal argument of unaccusatives undergoes syntactic movement. This 

approach offers a straightforward explanation for the fact that sentences with unaccusatives 

elicit activation in the pars opercularis, as this region has also been implicated in the 



processing of wh-movement (Ben-Shachar, Palti, & Grodzinsky, 2004). In the present 

experiment, this account would require the movement of a null element. Notably, verbs in our 

experiment appeared with the infinitive marker to, which may have triggered such movement.  

Monostratal theories such as HPSG (Pollard & Sag, 1994) and LFG (Bresnan, 2001) 

assume that the non-canonicity of argument mapping associated with unaccusatives is coded 

lexically. Some researchers have argued that the role of the pars opercularis is not limited to 

syntactic movement, but that it engages in processing constraints that determine the linear 

order of arguments, including canonicity of -role assignment (Bornkessel-Schlesewsky & 

Schlesewsky, 2009). Thus, the present findings are potentially compatible with a lexical 

account of the representation of noncanonical mapping.  

In the present task working memory load was minimal, yet we observed activity in Broca's 

area. Thus, the present results speak against the view that Broca's area supports sentence 

processing via its role in general working memory, rather than via a language-specific role 

(Rogalsky & Hickok, 2011). 

 

Figure 1: Regions of differential activation for a) transitive verbs > unergative and 

(nonalternating) unaccusative verbs; b) (nonalternating) unaccusative verbs > transitive and 

unergative verbs 
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