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The impact of learning to read on neural circuits of vision 

and language: studies with illiterate adults 
 
 
Summary:  
 

Does learning to read have an impact on neural circuits of vision and language ? In this PhD, 

we studied the influence of reading expertise on the “mirror invariance” of the visual system. The 

mirror invariance mecanism enables one to detect mirror versions of an image or a silhouette as easily 

as the original, thus representing a potential advantage for fast recognition in left or right profiles of 

conspecifics or predators, enhancing survival.  Mirror invariance is also found in non-human primates 

or other animals and is already functional in human infants.  However, in order to learn to read, one 

must  break the mirror symmetry for letters to correctly identify their orientations (e.g., “b” is different 

from “d”). We could provide behavioural evidence that illiterate adults present mirror invariant 

responses for all visual stimuli used (strings, false-fonts, houses, faces and tools). On the other hand, 

literate adults automatically discerned the left-right orientation of  letter strings, even thought this was 

task-irrelevant. Moreover, this literate mirror discrimination could also be noted for false-font stimuli, 

and, to a much lesser extent, even for other categories. This suggests, a partial transfer of this acquired 

skill outside the domain of the familiar visual symbols of letters. Interestingly, subjects taught to read 

and write  during adulthood (ex-illiterates) also exihibited the literate pattern of responses (i.e., 

automatic mirror discrimination), indicating a high level of brain plasticity, even for a supposedly well 

established neuronal mecanism such as mirror invariance. Furthermore, we could perform  a separate 

fMRI study that showed that a restricted region on the left occipito-temporal cortex, known to respond 

to orthographic stimuli (called the Visual Word Form Area [VWFA]), plays a key role in mirror 

discernment of  letters. However this same region conserve a high degree of mirror invariance for non 

alphabetic pictures. 

 I could also contributed to an fMRI study of literate, illiterate and ex-illiterate adult brain 

responses to different visual and auditory (verbal) stimuli. We observed increasing cortical responses 

as a function of reading fluency in : the VWFA for alphabetic visual stimuli presentations; both 

primary visual cortex and higher level visual areas (fusiforme gyrus) to different visual stimuli; 

planum temporal, a phonological region for auditory language perception. We also noticed top-down 

activation of orthographic representations in the VWFA during an active auditory lexical decision 

task. Moreover, the majority of these literacy effects were also found in subjects that learned to read 

and write in adulthood, suggesting again a high plasticity of neural circuits involved in reading.  

Finally, our results also suggested that cortical regions previously dedicated to process faces or objects 

could be “recycled” to respond to orthographic stimuli after learning to read. 

 Thus, our data provides evidence that learning to read deeply modulates the neural circuits of 

vision and language and it goes against the notion of a critical period forlearning to read  
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