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Language is a higher cognitive ability unique to human. In order to acquire such language
competence, one needs an ability to learn hierarchy structure of a grammar and statistical
distribution to extract phonological and semantic information. The present study aims to uncover
cerebral basis of these two types of learning system in infants by applying infant-friendly
measurement instrument, functional Near-Infrared Spectroscopy (fNIRS). To this end, we planned
to carry out two fNIRS experiments; 1) Experiment 1 on learning mechanism of hierarchy
structures (AXB, CXD non-adjacent dependency grammar) and 2) Experiment 2 on statistical
learning of phonemes. The study measures hemodynamic activation and functional connectivity
among different brain regions in neonates and 6-7-month-old infants. We have completed 2
experiments as planned, but here we summarize the results of the experiment 1 due to the limited
space.

Our results showed infants' successful learning of the grammatical rule consisted of different types
of tones such as AXB and CXD by only 5 minutes exposure of stimuli for both neonates and
6-7-month-old infants. Specifically, they showed stronger brain response to the incorrect stimulus
in contrast to weak response to the correct rule. 6-7-month-old infants showed statistically
significant responses in supra marginal gyrus (SMG), superior temporal gyrus (STG) and inferior
frontal gyrus on the left side. As these responses were comparable to those in adults, 6-7-month-
old infants were suggested to have matured language network to learn complicated grammatical
rule. On the other hand, neonates' stronger response to the incorrect rule were from the left frontal
area including frontopolar and dorso-lateral-frontal areas, showing difference from the 6-7-month-
old's pattern. Further analyses revealed strong functional connectivity forming a network between
the frontal area and bilateral temporal areas during the learning period in neonates. Furthermore,
we have identified a particular network connecting from the left frontal area and the left temporal
area including SMG and STG, that played a crucial role in the learning process of artificial
grammar rule.
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Cerebral substrates of learning: language hierarchical structure and statistical distribution in neonates
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Language is a higher cognitive ability uniqgue to human. In order to acquire such language competence, one needs an ability to learn
hierarchy structure of a grammar and statistical distribution to extract phonological and semantic information. The present study aims
to uncover cerebral basis of these two types of learning system in infants by applying infant—friendly measurement instrument,
functional Near-Infrared Spectroscopy (fNIRS). To this end, we planned to carry out two fNIRS experiments; 1) Experiment 1 on
learning mechanism of hierarchy structures (AXB, CXD non—adjacent dependency grammar) and 2) Experiment 2 on statistical
learning of phonemes. The study measures hemodynamic activation and functional connectivity among different brain regions in
neonates and 6—7—-month—old infants. We have completed 2 experiments as planned, but here we summarize the results of the
experiment 1 due to the limited space.

Our results showed infants’ successful learning of the grammatical rule consisted of different types of tones such as AXB and CXD
by only 5 minutes exposure of stimuli for both neonates and 6—7-month—old infants. Specifically, they showed stronger brain response
to the incorrect stimulus in contrast to weak response to the correct rule. 6—7-month—old infants showed statistically significant
responses in supra marginal gyrus (SMG), superior temporal gyrus (STG) and inferior frontal gyrus on the left side. As these
responses were comparable to those in adults, 6—7—-month—old infants were suggested to have matured language network to learn
complicated grammatical rule. On the other hand, neonates’ stronger response to the incorrect rule were from the left frontal area
including frontopolar and dorso—lateral-frontal areas, showing difference from the 6—7-month-old’ s pattern. Further analyses
revealed strong functional connectivity forming a network between the frontal area and bilateral temporal areas during the learning
period in neonates. Furthermore, we have identified a particular network connecting from the left frontal area and the left temporal
area including SMG and STG, that played a crucial role in the learning process of artificial grammar rule.
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