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Research to elucidate changes in brain activity during 

motor learning process and to contribute to occupational 

therapy and rehabilitation 
Bizen Hiroki 

 
Motor learning is the process of acquiring and modifying movements. 

Occupational therapists provide structured exercises to patients with stroke, fractures, and 
other injuries, aiming to improve functional recovery or facilitate adaptation to the 
environment through supervised movement training. Knowledge of the brain mechanisms 
involved in motor learning can be usefully applied to occupational therapy to better 
achieve these goals. Although there is a variety of noninvasive brain function 
measurement devices, an advantage of near infra-red spectroscopy (NIRS) is its 
portability and non-constraining nature, which makes it suitable to assess brain function 
during motor learning tasks.  

There are two primary methods for analyzing functional brain imaging data: 
"functional localization" and "brain network mapping." In addition to providing specific 
information about functional localization, the characterization of brain networks helps us 
understand motor learning from a whole-brain perspective, thereby permitting a more 
comprehensive view of the complex brain dynamics involved in motor learning. More 
holistic data, in turn, may better inform targeted occupational therapies, improving the 
efficiency of existing treatment modalities and fostering the development of new ones. 
As no studies to date have elucidated motor learning from the two perspectives of 
functional localization and brain network mapping, the aim of this thesis is to address this 
gap in the literature and to explore the application of motor learning NIRS findings to the 
clinical context of occupational therapy. 

Chapter 1 discusses the relationship between occupational therapy and motor 
learning, providing an overview of motor learning mechanisms, relevant functional brain 
correlates, and noninvasive brain measurement techniques. This background information 
frames the purpose of a research study that ultimately serves as the foundation of this 
thesis. 

In Chapter 2, I describe a study conducted to clarify the temporal changes in 
brain function during motor learning in healthy participants from the viewpoints of 



"functional localization" and "brain network mapping." Across the span of seven 
consecutive sessions, when the temporal dynamics were examined from the perspective 
of functional localization, the activation time of the prefrontal cortex was found to 
decrease with motor learning progress. An examination of the spatial dynamics revealed 
a negative correlation between the amount of prefrontal cortex activation and motor 
performance. In other words, as motor performance improved, both the degree and timing 
of activation in the prefrontal cortex decreased.  

When the data were examined from the perspective of whole brain networks, the 
clustering coefficients and characteristic path lengths decreased as motor performance 
increased. This may reflect an increase in the efficiency of the regional network during 
motor learning. Interestingly, the clustering coefficients and characteristic path lengths, 
as well as activation time, increased toward the final session, suggesting that network 
efficiency decreases as new strategies are generated that can further improve performance.  
The results of betweenness centrality analysis revealed that, in the first session of motor 
learning, multiple brain regions, such as left and right frontal poles, left and right 
dorsolateral prefrontal cortices, and right inferior frontal cortex, functioned as network 
hubs, whereas, in the seventh session, only two regions (left frontal pole and left 
dorsolateral prefrontal cortex) functioned as network hubs. In contrast, once motor 
learning was complete, the left frontal pole and left dorsolateral prefrontal cortex 
functioned as hubs.  

In Chapter 3, I examined the changes in activation in each region of interest at 
two time points before and after motor learning, as well as in associated brain regions that 
appeared to influence network dynamics. The results showed that activation levels of the 
left and right dorsolateral prefrontal cortices, orbitofrontal cortex, and frontal poles were 
significantly decreased after practice compared to before practice, a pattern that is broadly 
consistent with those described in Chapter 2. The prefrontal cortex has been shown to be 
involved in attention allocation especially during the initial stages of motor learning. 
However, attentional capacity typically decreases in the latter stages of learning. 
Consistent with that, the results of this study indicate that greater attentional resources are 
mobilized in the early stages of motor learning when they are needed most to guide 
adaptive behavior. 

The co-associated regions before practice, arranged in order from greatest to 
least absolute value of the standardized coefficients, were the right frontal pole, left 
frontal pole, right orbitofrontal, left dorsolateral prefrontal, and left orbitofrontal cortex. 
After practice, the relevant co-associated brain regions in similar descending order were 



the left frontal pole, right frontal orbit, left frontal orbit, right dorsolateral prefrontal 
cortex, right frontal pole, and left dorsolateral prefrontal cortex. Taken together, these 
results indicate a change in brain regions that modulate motor reaction speed before and 
after practice. As described in Chapter 2, the brain is thought to govern motor learning by 
dynamically changing its functions. The left and right dorsolateral prefrontal cortices, 
orbitofrontal cortex, and frontal pole collectively explained about 70% of the variance in 
motor performance before practice but approximately 54% after practice.  

In Chapter 4, I summarize the functional brain changes during motor learning 
from two perspectives: "functional localization" and "brain network mapping." In 
addition, I clarify the differences in brain changes between fast and slow motor learners. 
A key point of Chapter 4 is that the activation of the right dorsolateral prefrontal cortex, 
left orbitofrontal cortex, and left and right frontal poles decreases after motor learning. 
Similar to the results described in Chapter 2, prefrontal cortical activation decreases with 
the progression of motor learning, specifically as motor output becomes more automatic 
and procedural. 

From the perspective of brain network dynamics, the betweenness centrality of 
the left dorsolateral prefrontal cortex increased with motor learning progression, 
suggesting that its mediating role in the regulation of network information increases 
during active learning. On the other hand, the betweenness centrality of the right 
dorsolateral prefrontal cortex was decreased in fast learners but increased in slow learners, 
indicating a difference in the rate of motor learning. As the dorsolateral prefrontal cortex 
is the hub of the dorsal attention network, this hemispheric asymmetry in betweenness 
centrality suggests different mediating roles of attentional control during the execution of 
motor learning tasks.  

In Chapter 5, I apply these neuroimaging findings to the practical context of 
occupational therapy and rehabilitation. The key research outcomes can be summarized 
as follows: (1) the activation time of the prefrontal cortex gradually decreases as motor 
learning progresses, (2) the amount of brain activation and the accuracy of motor 
performance are negatively correlated, reflecting greater brain network efficiency over 
time, (3) the activation of the dorsolateral prefrontal cortex, orbitofrontal cortex, and 
frontal pole decreases after motor learning, and (4) the intracerebral network reveals 
differences in the mediating centrality of the dorsolateral prefrontal cortex due to motor 
learning rate. In the occupational therapy setting, the continued performance of the same 
motor task can be considered a means of preparing for the next change in brain function, 
even after motor performance has reached a plateau. By noninvasively monitoring 



prefrontal regional activity during structured exercises, it will be possible for the 
occupational therapist to select the optimal rehabilitation method for a given patient. By 
using a small, unobtrusive NIRS system and by setting the dorsolateral prefrontal cortex, 
orbitofrontal cortex, and frontal pole as regions of interest, it will be possible for 
practitioners to gauge the effectiveness of various therapeutic interventions in order to 
optimize patient rehabilitation, simultaneously promoting greater client satisfaction and 
improving clinical outcomes.  
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4.2.4  

2 χ2

U  

Bonferroni

[105] [106] 5 IBM SPSSver.25  

 

4.3  
4.3.1
2  

2 4-1 27.6 5.15

25.3 4.95  

4 6 6 4

 

553 25ms 542 16ms

 



0.044 0.048 mM*mm

-0.078 0.144 mM*mm

0.040 0.033 mM*mm

-0.017 0.046 mM*mm

4-1  



 4-1 2  

 (n=10) 
 

n=10)  

 27.6 ± 5.15 25.3 ± 4.95 n.s. 
/  4 /6  6 /4  n.s. 
ms  553 ± 25 542 ± 16 n.s. 

mM*mm        n.s. 

0.039 ± 0.043 0.062 ± 0.112 n.s. 
 0.035 ± 0.038 0.011 ± 0.050 n.s. 

 0.032 ± 0.044 0.025 ± 0.130 n.s. 
 0.048 ± 0.097 0.026 ± 0.043 n.s. 
 0.044 ± 0.048 -0.078 ± 0.144 p<0.05 
 -0.003 ± 0.103 -0.005 ± 0.077 n.s. 
 -0.008 ± 0.077 -0.036 ± 0.097 n.s. 
 0.040 ± 0.072 0.042 ± 0.064 n.s. 
 0.082 ± 0.110 0.146 ± 0.309 n.s. 
 0.089 ± 0.077 0.098 ± 0.139 n.s. 

 0.064 ± 0.061 0.109 ± 0.227 n.s. 
 0.039 ± 0.058 0.053 ± 0.085 n.s. 
 0.075 ± 0.091 0.034 ± 0.105 n.s. 
 0.057 ± 0.106 -0.021 ± 0.095 n.s. 

 0.040 ± 0.033 -0.017 ± 0.046 p<0.05 
 0.019 ± 0.061 0.070 ± 0.107 n.s. 

      

6.410 ± 5.985 5.118 ± 5.805 n.s. 
1.595 ± 2.499 2.827 ± 6.087 n.s. 

 4.849 ± 5.706 3.564 ± 4.476 n.s. 
 6.088 ± 9.186 5.932 ± 8.480 n.s. 
 2.050 ± 3.310 1.295 ± 2.732 n.s. 
 5.885 ± 7.851 2.540 ± 2.825 n.s. 
 7.161 ± 11.476 8.926 ± 11.447 n.s. 
 9.945 ± 7.974 5.372 ± 6.615 n.s. 
 2.944 ± 4.311 2.537 ± 2.487 n.s. 
 4.114 ± 5.912 3.201 ± 3.270 n.s. 

 8.033 ± 12.358 6.641 ± 7.428 n.s. 
 2.942 ± 3.361 3.317 ± 5.250 n.s. 
 3.451 ± 5.419 2.158 ± 2.460 n.s. 
 7.932 ± 9.577 3.817 ± 5.367 n.s. 

 1.964 ± 2.596 1.527 ± 2.486 n.s. 
 4.758 ± 5.490 4.521 ± 6.471 n.s. 
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