
 

The Neuroanatomy of Regular and Irregular Morphology as a Model of Language: An ALE 

Meta-Analysis 

Rachael Campbell 

Michael Ullman, Ph.D., & Dr. Peter Turkeltaub, M.D, Ph.D.; thesis advisors 

Georgetown University 

 

 

 

 

 



Abstract 

Background: How is language stored and processed in the brain? Many studies have attempted to 

answer this question through the lens of morphology, which underlies the structure of words 

(e.g., walk-walked, dig-dug). The issue has been addressed by two opposing perspectives. Dual-

system views posit that whereas irregular morphological forms (e.g., dug), and idiosyncratic 

lexical knowledge more generally (e.g., cat), are stored, regulars (e.g., walked), and rule-

governed grammatical forms more generally (e.g., the cat), are usually composed (e.g., walk + -

ed) from their parts. Single-mechanisms views posit that both types of morphological forms are 

stored and processed in the same associative memory network. The opposing perspectives lead to 

different predictions for the functional neuroanatomy of regular and irregular morphology.   

Methods: Our study uses a neuroanatomical meta-analytic approach to examine the neural bases 

of regular/irregular morphology. Meta-analyses have substantial power because they examine a 

much larger number of subjects than individual studies, under more varied experimental 

conditions (DeWitt and Rauschecker, 2012; Wolf, 1986), and are thus likely to produce more 

reliable and generalizable results than single study findings.  Our study uses a state-of-the-art 

neuroanatomical meta-analytic technique, Activation Likelihood Estimation (ALE), a 

probabilistic method for quantifying spatial reproducibility in neuroimaging studies (Eickhoff et 

al., 2009).  From numerous studies we identified 19 fMRI studies that examined regular and/or 

irregular morphology, and coded each for ALE analysis. 

Summary/Conclusion: The ALE meta-analysis revealed distinct patterns of BOLD activation for 

regular and irregular morphological forms, although neither completely supported the single or 

double-mechanism hypotheses: both forms showed overlapping activation in pars orbitalis of the 

left inferior frontal gyrus and the left precentral gyrus, but selectively engaged regions not 



predicted by either account. Such findings suggest that morphological processing of regulars and 

irregulars may be more complex than initially thought and merit further research. 

 


