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【Purpose and Background of the Research】 
Human brain imaging studies have shown the 
properties of the structural and functional network 
of the brain. However, limited information is 
available as to the ontogenetic mechanisms how the 
complex network of the human brain is constructed. 
The present study covers issues from the pattern 
formation in fetus to emergence of behavior in 
young infants. In particular, we focus on the 
interplay between spontaneous activity of the brain 
and the changes in structural network, and sleep 
state dependent mechanisms for processing 
external stimuli and learning. The purpose of the 
study is to empirically and theoretically elucidate 
the pattern formation of the brain in embryo, the 
generation of white matter tract and gyrus in fetus, 
the functional development of the brain in 
preterm-born infants, and learning-dependent 
changes in the functional network of the brain in 
young infants by means of neuroimaging 
techniques, behavioral measurement, and 
computer simulation. 
 

【Research Methods】 
(1) To reveal the mechanisms for genesis of white 
matter tract and folding of the cortex in embryo and 
fetus, magnetic resonance (MR) microscope imaging 
and diffusion tensor imaging (DTI) of specimens of 
embryos and fetuses are performed. 
(2) To clarify the typical and atypical development 
of the functional network of the brain, near infrared 
spectroscopy (NIRS) is used for detecting the 
cerebral blood oxygenation of preterm-born infants 
in a neonatal intensive care unit. 
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(3) To understand the mechanisms underlying 
differentiation of sleep and awake states and   
functional roles of sleep for learning, spontaneous 
and stimulus-induced activity and learning-related 
changes in activity of the cortex in young infants 
are measured by using NIRS and EEG. 
(4) Developmental processes of the brain from 
embryo to infant are modeled as dynamical 
systems and computer simulations are performed. 
We link the theory of pattern formation with 
information theory with neural networks. 
 

【Expected Research Achievements and 
Scientific Significance】 

The present study will provide profound insight 
into understanding dynamic principles for each of 
three different developmental processes regarding 
pattern formation of the brain, generation of 
functional networks, and transition of sleep states 
in relation to learning and how these processes 
over different time scales interact with each other. 
The present study will also establish a new 
framework for understanding pattern formation 
and information creation in the brain as complex 
systems. 
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