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Thesis Summary (approx.2000 Japanese Characters )

This study aims to first, gain a better understanding of the different neural processes that occur
during finger movement in the extrinsic and intrinsic frames using electroencephalographic (EEG)
recordings by employing a decoding analysis, and second, to explore the common neural commands across
individuals by temporally concatenating EEG sets originating from several participants.

EEG is contaminated with artifacts. Eye movements in particular can be problematic as they have a large
magnitude and carry information about the movement of the eyes which can be confounded with the neural
commands of motor control when using a visual cue.

Independent component analysis (ICA) was used to unmix the EEG signals to mutually temporally maximally
Independent Components (ICs) and the properties of the ICs were studied to select the ones reflecting
brain activity. To improve the low spatial resolution of EEG, electrical head models were constructed
using individual MRI images of each participant. The ICs were then located in the brain by approximating
them to equivalent dipoles that have the same projection to the scalp. A set of criteria was used to select
ICs representing brain activity, based on their temporal, spatial, and spectral properties.

The time series of the selected ICs were used to decode eight finger movement directions in both the
extrinsic and the intrinsic coordinate frames in a leave—one—out cross—-validation scheme. Sparse Logistic
Regression (SLR) with Laplace approximation was used for classification because it automatically selects
the important features. Each participant moved their index finger in eight directions from the center
of a circle to the circumference. Adjacent targets were 45° apart. The elbow was extended for half the
trials and bent at 90° for the other half. The separation between the extrinsic and the intrinsic coordinate
frames was achieved by varying the elbow angle. Classification accuracy of the extrinsic frame (47.97%)
was significantly higher than the chance level (12.51%) and significantly higher than the classification
accuracy of the intrinsic coordinate frame. This suggests that the selected ICs are biased towards the
finger-motion direction, and may reflect visuospatial information rather than information about finger
muscles and joints action. A non—parametric permutation test with 5, 000 repeats was applied to check the
significance of the classification results. Analysis of confusion tables revealed that most false positives
occur in the adjacent directions. Consequently, the classification accuracy within —45° , 45° of the
desired direction is 75.8 % in the extrinsic frame.

To find the common active brain regions across participants, the selected ICs of all participants were
grouped into clusters based on the similarities in their spatial and temporal properties. Fourteen clusters
were identified and their centroids were located in several brain regions. These regions were mainly
visuospatial areas (e.g. lingual gyrus, superior occipital lobe, precuneus, inferior temporal gyrus,
inferior parietal gyrus), motor areas (e.g. precentral gyrus, supplementary motor area), and the cingulate
gyrus (posterior cingulate gyrus and anterior cingulate gyrus).

The temporal aspect of the clusters was elucidated by analyzing the decoders’ weight matrices. The
importance of each data point in the time series of the clusters was defined as the number of times the
said datapoint was chosen by the decoders. The critical time periods to the classification from 125 ms




to 187 ms were before the EMG onset at 220 ms for visuospatial regions, which is physiologically reasonable.
The centroids of the two most important clusters were located in the lingual gyrus and accounted for 20. 87%
of the contribution to the classification, which further suggests that the decoders used visuospatial
information in the time series of the ICs.

The second part of the study aimed to evaluate whether there are common neural commands between different
individuals during finger movement. The comparison was performed between individual-level and group—level.
For the individual-level, the EEG set of each participant was divided in half. the first half was used
to obtain the ICA unmixing matrix and to train the decoders. The unmixing matrix was then applied to the
second half and the performance of the decoders was evaluated using the resulting ICs. concerning the
group—level, the EEG sets of each five participants were temporally concatenated. The resulting set was
used to obtain the unmixing matrix and to train the decoders. The unmixing matrix was then applied to
the remaining participant and the decoders were tested on the resulting ICs. Individual-level
classification results (38.62%) were significantly higher than chance level (12.87%). Group level
classification results (27.26%) were also higher than the chance level (13.44%). The accuracy within —45° ,
45°  of the desired direction is 70. 03% for the individual-level and 62. 63% for the group—level. The common
brain regions between the two groups were involved in visuospatial processing: lingual gyrus, precuneus,
superior parietal gyrus, reorienting of attention: middle frontal gyrus, and motor execution:
supplementary motor area. 22 out of 29 clusters were most contributive before EMG onset at 125 to 187.5
ms further solidifying the results of the first part of the study
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