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Abstract 

How the brain development of congenitally deaf children supports their acquisition of auditory and verbal communication 

skills after cochlear implantation (CI) remains largely in dark. The conventional statistical methods used to analyze 

neuro-behavioral relationships face significant challenges from the high dimensionality of neuroimaging data. Here, 

machine learning methods with a nested cross-validation framework were applied to exploring this question. Brain 

development of CI children (N=50) was longitudinally tracked using functional near-infrared spectroscopy while they 

were listening to various types of sounds, with at least two valid repeated measurements within about one year of CI 

activation. Children with low and high behavioral improvement can be distinguished by sound induced activity change 

between the repeated tests in the bilateral parieto-frontal language network with support vector machine algorithm. The 

study found a clear advantage of behavioral prediction accuracy for the left over the right hemisphere (72.93% vs. 60.73%) 

and for speech related over non-speech related stimuli (72.71% vs. 57.05%). The current results suggest that CI mediated 

auditory experiences allowed the children to develop left-lateralized, speech-specialized processing functions within 

around one year, and provide the first direct evidence associating such development of lateralized speech processing with 

the children’s behavioral improvement. 
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