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What makes a proposition true or false has traditionally played an essential role in 

philosophical and linguistic theories of meaning (e.g., Montague, 1973; Tarski, 1944). A 

comprehensive neurobiological theory of language must ultimately be able to explain the 

combined contributions of real-world truth-value and discourse context to sentence 

meaning. Counterfactual comprehension is an interesting test-case for identifying the brain 

regions that are sensitive to propositional truth-value; whereas establishing truth-value of 

regular sentences requires straightforward mapping of propositional meaning onto real-

world knowledge, establishing counterfactual truth-value requires online construction of a 

contextually relevant interpretation by temporarily ‘bracketing’ factual knowledge (e.g., 

Stalnaker, 1968; Searle, 1975). This event-related FMRI study investigated the neural 

circuits that are sensitive to the propositional truth-value of sentences about counterfactual 

worlds, aiming to reveal differential hemispheric sensitivity of the inferior prefrontal gyri to 

counterfactual truth-value and real-world truth-value. A larger effect of counterfactual 

truth-value was predicted in the right hemisphere, based on its association with 

comprehension of counterfactual and figurative language (e.g., e.g., Menenti et al., 2009). 

While inside a 3-T MR scanner, twenty-four participants read true or false negated 

counterfactual sentences ("If N.A.S.A. had not developed its Apollo Project, the first 

country to land on the moon would have been Russia/America") and real-world sentences 

("Because N.A.S.A. developed its Apollo Project, the first country to land on the moon was 

America/Russia") that were matched on contextual constraint and truth-value. Participants 

read 30 sentences from each of the four conditions mixed with 60 non-counterfactual filler 

sentences, divided over 6 short runs. Given the a priori hypothesis about the role of the 

IFG, a region-of-interest (ROI) analysis was performed by extracting average parameter 

estimates per condition and per subject for 2 LIFG ROIs and their right hemisphere 

counterparts. These ROIs were based on reported activations within different subregions of 

the left and right IFG (pars orbitalis/triangularis; BA 45/47) for world knowledge violations 

in healthy adults during sentence processing (Tesink et al., 2011). 

The ROI analyses showed that whereas the left BA 47 showed similar activity 

increases to counterfactual false sentences and to real-world false sentences (compared to 

true sentences), the right BA 47 showed a larger increase for counterfactual false sentences. 

This larger RIFG sensitivity to counterfactual truth-value than to real-world truth-value 

may reflect the increased processing demands (i.e., inhibiting competing concepts during 

interpretation; e.g., Jung-Beeman, 2005) associated with counterfactual comprehension. 

Moreover, whole-brain analyses revealed that counterfactual false and real-world false 

sentences both elicited activation increases in left and right inferior prefrontal gyrus, middle 

and superior frontal gyrus, left middle temporal gyrus and in the inferior parietal lobule, 

revealing a distributed neural circuit for dealing with propositional truth-value. 
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Figure 1. (a) ROIs in the current study. 

Two 10-mm sphere centered at MNI 

coordinates [-44 29 12] (BA 45, top) 

and [-36 26 -8] (BA 47, bottom) and 

their right hemisphere equivalents 

(based on Tesink et al., 2011). (b) 

Effect of truth-value in counterfactual 

sentences (dark grey bars, ‘CF’) and 

real-world sentences (light gray bars, 

‘RW’) in four ROIs (left/right, BA 

45/47). Displayed are the false-minus-

true difference score (and 95 % 

confidence intervals) in average beta 

parameter value per sentence type and 

per ROI. (*p < .05). 

Figure 2. Effect of truth-value in 

counterfactual sentences (a) and in real-

world sentences (b). Pair-wise comparisons 

for false minus true sentences (thresholded 

at P ≤ 0.001 uncorrected). Labels are 

provided only for significant clusters 

(corrected for multiple comparisons with a 

cluster-level FDR P ≤ 0.05). LIFG = Left 

inferior frontal gyrus. RIFG = Right inferior 

frontal gyrus. SFG = Superior frontal gyrus. 

MFG = Middle frontal gyrus. MTG = 

Middle temporal gyrus. IPL = Inferior 

parietal lobule. 


