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Luck, Steven J. An introduction to the 

event-related potential technique. 

MIT press, 2014.
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[Luck, 2014]
-�ERP4G
• P300 ���5��+(��<�
• N400�H;��I=��C8	�C�
• P600 �H;������ 8	�C� <-* �80

[Osterhout, L. et.al, 1992]
L. Osterhout and P.J. Holcomb, “Event-related brain potentials elicited by syntactic anomaly,” Journal 
of Memory and Language, vol.31, no.6, pp.785–806, 1992.
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L. Nakagome, Kazuyuki, et al. "A topographical study 

of ERP correlates of semantic and syntactic violations 

in the Japanese language using the multichannel EEG 

system." Psychophysiology 38.2 (2001): 304-315.
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B. Blankertz , S. Lemm , M. Treder , S. Haufe, and K.-R.Müller, “Single-trial analysis and 
classification of erp components ― a tutorial , ” NeuroImage , vol.56 , no.2 , pp.814–825 , 2011 .

L. Vařeka and P. Mautner, “Stacked autoencoders for the p300 component detection,” Frontiers 
in neuroscience, vol.11, p.302, 2017.
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H. Tanaka, H. Watanabe, H. Maki, S. Sakriani, and S. Nakamura, “Electroencephalogram-based single-
trial detection of language expectation violations in listening to speech,” Frontiers in Computational 
Neuroscience, vol.13, p.15, 2019.
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• fgH�ActiCap (Brain ProductsZ)�32*58.7Pv
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l Stacked Autoencoders (SAE) 

• Autoencoder (AE)
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-> ����	���!�	'� [L., Vareka, et.al, 2017]
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l Long Short-term Memory (LSTM)
• %��Recurrent Neural Network��$��'��
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• "#�&*�����������)��LSTM�(�
��
+������� [Alhagry, S., et.al, 2017]

S. Alhagry, A.A. Fahmy, and R.A. El-Khoribi, “Emotion recognition based on eeg using lstm recurrent 
neural network,” Emotion, vol.8, no.10, pp.355–358, 2017.

Le, Phong & Zuidema, Willem. (2015). Compositional 
Distributional Semantics with Long Short Term Memory. 
10.18653/v1/S15-1002. 
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• SVM
C = {0.001, 0.01, 0.1, 1, 10, 100}

• SAE
>+<�6/8 = {10, 50, 100, 200, 300}�
>+<�8 = {1, 2, 3}�*9&,8 = {sigmoid, ReLU}

• LSTM
>+<�6/8 = {5, 10, 15, 25, 30}�
*9&,8 = {sigmoid, ReLU}
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SVM 58.4%
SAE 58.3%
LSTM 61.3%

l -$!&�QWCG l -;30V<���CG

(SVM: 54.7% [H., Tanaka, et.al, 2019])
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Kaper, Matthias, et al. "BCI competition 2003-data set IIb: support vector machines for the P300 

speller paradigm." IEEE Transactions on biomedical Engineering 51.6 (2004): 1073-1076.
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