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The Neural Substrates Underlying
the Individual Differences of Reading Abilities

XUE Hongli and XUE Gui

Abstract Reading is an indispensible part of human life in the modern era. Due to the
relatively short history of written languages in human evolution, it is generally believed that
the human is unlikely to have developed specialized genes or neural circuitries to process
written languages. Probably due to this reason, fluent reading involves years” of formal
education and training, and there are significant individual differences in reading abilities.
With the development of noninvasive functional imaging techniques in the last two decades,
researchers have made major progresses in understanding the neural substrates of individual
differences in reading abilities.

The present paper aims at reviewing the cognitive process and neural mechanisms of
reading as well as some of the exciting advances in understanding the neural basis of
individual differences. Existing studies have revealed at least three brain regions involved in
reading, including the temporooccipital cortex, the temporoparietal cortex and the inferior
frontal cortex. Consistent with the dualroute model suggested by the behavioral,
neuropsychological, and computational studies, the left supramarginal gyrus, posterior
superior temporal gyrus, and dorsal inferior frontal gyrus are mainly involved in assembled
phonology, i.e., the indirect route, which transforms visual words into phonology through
grapheme-to-phoneme correspondences ( GPC) . In contrast, the ventral part of the lateral

temporal cortex and the inferior frontal gyrus are mainly involved in the addressed
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phonology, i.e., the direct route, which achieves phonological access via the direct
associations between the visual forms of words and their sounds.

Furthermore, existing studies have shown that the many neural measures are
associated with individual differences in reading abilities, including brain activity levels,
gray matter volume , white matter integrity and functional connectivity among multiple brain
regions, which is modulated by the characteristics of different writing systems. In
particular, increased activity in left-hemisphere middle temporal and inferior frontal gyri
and decreased activity in right inferotemporal cortical areas are associated with better
reading abilities. Whereas the cortical thickness of the temporoparietal area is positively
correlated with the reading of irregular words, the gray matter volume in the left middle
frontal gyrus is correlated with Chinese word reading. In contrast, the cortical thickness in
the left mid<fusiform gyrus was positively correlated with performance on reading abilities of
both Chinese characters and English words, suggesting its common role in the reading of
different writing systems. Using diffusion tensor imaging ( DTI) to measure the white matter
integrity indexed by fractional anisotropy ( FA) , it has been shown that the FA of left
temporoparietal area, left frontal lobe and corpus callosum was associated with reading
ability. Functional connectivity studies further suggested that the connection strength
between the left temporoparietal region and the Broca area is positively correlated with
reading ability. Finally, resting-state functional connectivity ( RSFC) within the reading
network has also been linked to reading abilities in native language ( L1) and second

language (L2) .
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