
�
41 � � 6 � � � � � Vol. 41, No. 6

2016 � 11 � ACTA ACUSTICA Nov., 2016

� 	 
 � � 
 � � � � � � � � �

� 	 � � � � � � � � �  ∗

! " 1,2 #%$'& 1 ( ) 1 *%+-, 1

(1 .0/010203040506070809050:0;0<050=>.0/01 150001)

(2 .0/010?0204050@0A050=>.0/01 150040)

2015 B 7 C 19 DFE0G
2016 B 4 C 1 DFH0IJLKNMLOLPLQLRLSLTLUWVLXLYWZ[XL\[]L^[_L`[aLb[c[dLUfeLg[hLikj0l[mLS[nLo[pLUrqtsLu[vLw[MLO[bLc[xLy[z

“ {L| – }~
” � y[��V[X[M[O[b[c[�[�[�[�[U��[�[�[�[U��[�[~[z[Z[X[�[�[�[�[U��[�[�[^[�[�[�[z��[�[���[���[�[��b[c[�[�[b[czL�L�L_L  {L| U¢¡[£L�[�[gkj0_[ [U�¤L¥[¦L§[¨[©[ªLZ[X[M[OLx[y[z[dL«[¬[­[®L¯[���L�[°[gLZ[X[±[²L³[¥[T[�L�[M[O[bcLdLzLMLOLxLyLzL´[µL¶[z[·L¸[¹[�LgkjtºL»[¬[­L¤[¼[½L¾[�À¿L»[�L^[z[MLO[´[µLUÀ·L¸[¹[�Lgkjt�[�LÁ[¡[�

3 ÂLÃ ¡L�tÁ¡[Ä[z[Å Â ©[ª[Æ[�[d[«[Ç[z[È[É[Ê[Ë[� Lempel-Ziv Ì[Í[Î (LZC) Ï[Ð[Ñ[Ò U�Ó[�[Ô[Õ 3 Â ©[ª[z[¬[­[Ö[×[Z[X[M[O[gj0�L�LzL¬L­L�f�L�LØ[ÙLÚ
(1) Û SLTLzLMLOLbLcL�LÜLz[ÝLÕ[gkj0�[¡ “N1-P2&N2&Late-SW”

¡LÞ[ßLT[àLZ[X[MLO[xLy[z
3

Â ©LªLá (2)
� ÂLâLãLä zLZLXLMLO[xLy[å[æ[~Lç[è 3 Â ©LªLzLdL«L¬L­LÚté[O[©Lª[Ú 110∼140 ms, ê ÞL©LªLÚ 260∼320 ms,ëLìL©LªLÚ

500∼700 ms; (3)
¤L¥LíLîL·L¸LZLXLMLOLx[y[gïjt�[�Lz[¬[­L¤[¼[½L¾[UÀÔLÕ[ÆL�[È[ÉLÊ Î � LZC

uLðLñL�LòLó
z ê Þ[ô (99.33%)

���[�[�[�[õ[Ù[à[¤[¥[z[½[¾[ö[÷[a[ø�ù[ú[û�Z[X[M�O[x[y�gkjtº�»[U Ï �[¤�ü[°[g�M[O[x�y[ö[ý�þ[ÿz��LRL½L¾L�
PACS ��� 43.60, 43.66, 43.71, 43.72, 43.80

The method of auditory cognitive control feature extraction of

cerebral cortex potential for auditory modality speech conficting

YU Bo1,2 LI Haifeng1 MA Lin1 WANG Xunda1

(1 School of Computer Science and Technology, Harbin Institute of Technolog Harbin 150001)

(2 School of Software, Harbin University of Science and Technology Harbin 1500400)

Received Jul. 19, 2015

Revised Apr. 1, 2016

Abstract Cognitive psychology found that the cerebral cortex potential will modulate as the visual or auditory morality

receive conflicting information, which can be used to explore the “stimulus-response” mechanism for the cognitive conflict

control. The experiments on visual cognitive conflict is more fruitful, while little work has been conducted in the

corresponding auditory ones, and inconsistent conclusions have been reported. In this study, we proposed a time feature

domain of 3-stage auditory cognitive control by utilizing conflicting and non-conflicting speech signals as stimuli and

analyzing and studying the corresponding electroencephalogram (EEG) signals. The paper study the feature extraction

for single trial EEG sample based on cognitive control mechanism of speech conflicting. Based on the cognitive mechanism,

each EEG sample for a single trial was divided into three parts. Average amplitude in the time-domain and Lempel-Ziv

Complexity (LZC) was computed for the divided part of each EEG sample and the union of the feature of the three
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stages was used as the features of each auditory cognitive EEG sample. The study results are as follows. (1) The

cognitive conflicting related complex EEG component “N1-P2&N2&Late Slow Wave (Late-SW)”, which was first found,

respectively represents each stage of the auditory cognitive control. (2) A more completed auditory cognitive control

process should three stages time domain feature: perceptual stage: 110∼140 ms, identification stage: 260∼320 ms,

resolution stage: 500∼700 ms. (3) The feature extraction method for a single trial auditory cognitive control EEG

sample was proposed, the combination usage of Average amplitude and LZC can achieved the best accuracy (99.33%).

The experimental results showed that the proposed method can effectively detect the EEG data of auditory cognitive

control. Therefore, we offer an acoustic technique evaluating the ability of our brain auditory cognitive control.
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B
C
��`�=,¬ d�e��h��}�~ W ´�D�E phG�@�A x,y x,�
��G���¬�� q�v ��>�?�<,¿,½,­�A,õ,ö�w'= ­�w�Ð
Ñ��3��w'��÷
¡
¢
L V ��^ ± �
�,½ �,V d�e ó
C
½�>�?�@�A�B�C�{�| W 1�q�G�<�=
>�? Stroop D�E
N
¡ }
~ @
A�L
� ( ­
A ¨�© ) 9
@
A
�
� ( ��� ¨© w! e ¨�© ) ½�"�#�$�A�B�C�§�¨ W � ¡�G!%�&�"�#
Stroop D�E�N�¡ Á�Â ´ }�~ v ��½�"�#�$�'�B�C Wª �
a V ��J
J
��½�"�#�$�'
B
C
��Üh�
 �T
� � G � ¡ ø \ � Ä
º
» f a V � J
J��,½�"�#�$
'
B
C
D
E
G'���
�
� e �,�
�� �(�� Ü���  d
e
¼�½�¾�¿�G�Æ F "�#�$�'�B�C�½�$�'�§�¨ W

- 11 )�h _+*�,�- `�.�Q���4 ü Z�/�� ; _+0
Q���1�E�Î�2�3�4���1�4�G 7 )�5�M�G 4 )�6�M�G X7 � 19 8 21 9�: o�p 20.1 9 W 1�4�Î�p�L�n�^���;<�= w�>�?�@�A�w _�|�(�"�| � �°w�B�C�D W 1�4�Î
Z�E�F�'�1�4�&�¬
È�:�G
��1�4�H�I v ¼
¬,7 d
e
1�4�:J1�4�È�]�K�1�4�Î���Ñ���L W � ��M���p���1
4�N _ e�O�P ½ ¦ µ �QM�R�%�S,: � :�T I M���B
C�q�Ò���1�:�p�� 800 ms,

} ��( ±�} ��M�����§ 1� � W Q � j�(�U � j�½�V�W�� 40 dB, �-p
Q � j�	X�Y M ��U 20 dB, U � j �	X�Y M � 0 20 dB WZ
1 []\]^]_

X
X

X
X

X
X

X
X

X
X

`]a b]c d e
d]f g]h i]g]he]f i]g]h g]h

1�4�&�¬�pj: ¬�7�1�4�Î �   � "�8�½�M ��� �k�l
( m � j�½ “ Q ”

9 j “ U ”) &�Ì��� �no1�4�Z�1
4
Î�� f µ�p e�q È _ e�r ↑ ��s Y :�Z�t�u�v��
����M “ w �  �� � ½ k�l �� �j�Q�� 9 j�U���:ÃQ
��w r ↑ U���w r ↓”, x
��y�z 4

� M
��:�T � �{ � Õ p�|�: H 10 ��:%- 40
I n+T I�}�~�� E�����

800 ms, ��� }�~ y�z�s Y ½���� � 3300 ms, M���������
60 dB ����������"�� �������������

� :J����1�4�� � 1�4��j� ���������� �¡ nJ¢�£�¤¥ �	t�u¦�	§�v�¨�©�ª�« “+” ¬���­�®�¢�£���¯¦�°�±�²�³Q´¶µ�· � © ·�¸�¹�º�»�µ ��¼�½�¾�¿ÁÀ�Â¹�º�ÃJÄ�Å ¢�£�Æ�Ç����  �¡���� ÃÉÈ ��Ê���¢�£��Ë ¤�Ì�Í�Î�Ï�½�Ð�Ñ�Ò�Ó�Ô · � ©  �¡ ³
1.3 Õ�Ö�×�Ø�Ù�Ú�Û�Ü�Ý�Þ�ß�à

¢�£�¤ ¥ � Ã ¼�ájâ�«�ã�ä�å�æ � NeuroScan çè�é�ê © 64 ë Ag/AgCl ájì�í Ã 10/20 ájì�î�ï�ðñ Ãóò�ô�õ ã�ä�ö�÷�ð ñ Ãóø�ù�ú ��ã�ä Ãóû�ü ájì�ýµ�þ�ÿ�����Ã������ Ë
0.01∼100 Hz, ����	 1000 Hz/

ë ÃÉÈ�
 ájì�©�����
 µ 5 kΩ
³

Presentation 15.0 ������ ã�ä�¢�£���© ù ������� Ã�ú ¢�£����������� ������� ©������� ���� Ã � ò ���  �¡ ©�!"$#$% ³
2 &('*),+.-0/01320405360738090:;.<
2.1 Õ�Ö�×�Ø�Ù�Ú$=$>$?$@$A$B$C$D$E$F$G$HI

1 J�¨�K�L�M�Ì�Í�Î�Ï�¼�áON�P�Q�R�ð ñ�ST$U$V ÃXW ��©$Y ¥$Z �$[��\
1: å�]�^ µ  �¡�_ ��· � ©$L�M�Ì�Í�Î�Ï

¢�£ Ã ��¯�¢�£���©�¼�á ����` ( a$b�¤ ¥�c 1.2, 1.3d
)
³
��\

2: e�f ERP g�h�ö�÷�i�j�L�M�Ì�Í�Î�Ï�kl ©���m�¼�áon�p Ã ø�Ä i�j�L�M�Ì�Í�Î�Ï�©$q�Ï ³��\
3: ^ µ Ð�r�©�L�M�Ì�Í�Î�Ï�ð ñ ��m ST Ãts�u�v�w £�¼�á ����x�� Q�R��$y Ãtz${�|$}�³~�� ¼�áo��y���ö�� � 3 ����ö ³ ��ö���© ~ ��� �

e$f$�$m$��©$� �$�$�$� Lempel-Ziv �$�$� (LZC)ø�ù ]�� ÃX��Ä���� 3 ��� � © |�} x�� Ó���L�M
Ì�Í�Î�Ï�¼¦á��$y�© |$}�³��\

4: �������(� � q (Support Vector Ma-

chine, SVM), ��� z�� Q�R�	�©�k l û � Ã���� � fµ Q�R�© S T Ã Q�R�� ��l µ P w ¼�áo��y�©�ö���� 
( Q�R�¿ _ ��· � â�«�©�Ì�Í�Î�Ï�� T�¡�¢ _ ��·� â�«�©�Ì�Í�Î�Ï$� T )

³
2.2 Õ�Ö�×�Ø�Ù�Ú$=$>�Û�Ü�Ý�Þ$£$¤$¥$¦$§$¨´jµ�Ãª©�«�¬ª« Â ¬ª­ áo®�â�« » L�M�Ì�Í�Î�Ï
¼�á¶â�«�¯ ê�é�°�±�Ã�È ��²�³ » ��¯�i�j�©�L�M
Ì�Í�Î�Ï�¼�á¶â�« ø�ù�´�µ�¶�³ » Ó���¢�£���Ó��
¼ á á ì·� ¯·i·j ©·L·M�¼�á (X(n): X1(n), X2(n),

X3(n), · · ·, XN (n))( ¸�� Ã Xi(n) ¹�º i
v�w £�i�j�©

¼¦á �$� )
ø�ù$´$µ$¶ ©�¤ ¥ W �$»$¼$[ª½$¾ « á ¬

¼Qá	ö � ¬ ^$¿$À$! ¬ À �  $½$¾ÂÁ�Ã ³
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�
1 ����������	�
�����
����������������

2.2.1 ½$¾ « á
��f�� � ÁOÃ�¿�������ö�÷�g�h ����� ¼�á¶â

« X(n) � �$¾ VEOG( !#" « á ) i$j#$$!#%�©�¼
á	â�« [17],

Z#&
(1):

Xc(n) = X(n) − β ×VEOG, (1)

¸�� Ã Xc(n) ¿�½�¾ « á'%�©�¼�ájâ�« Ã β ¹(�'�*)+�Ã-,�ú$« á�á	ì �#.#/ á	ì#0#1�©#2�ë�ð � ³
¹�K�3�4 ©�«�5 Â ��6�7 ¼�á 5 Â�0�1�©�k l

� Ã VEOG
� ¼ á á98 � ©·« � ø ù � � ( :�
 ©·«� ¹ 20, � 7 �*1�¹ 400 ms)

³ « á�ájì*;�¤ VEOG

:#< � © 10% ©¦á 8$�$Q$R$¹ « á = _ Ã-> % » Q
R�© « á = _ ø�ù � � Ã i$j$� � VEOG

³@?#A á
ì�©B� �#) + β ©#C$]�ö$R ´ ~ A á	ì�©$� � ¼¦á
á 8 � � � VEOG ½ ø�ù ]$� Ã Z#& (2):

β =
cov(X(n),VEOG))

var(VEOG)
, (2)

¸¦� Ã cov ¹#D$g#E$]$� Ã var ¹$g#E$]$� ³

2.2.2 ¼¦á	ö �s $$!#%�© 6#7 ¼¦á �$� Xc(n)
ø�ù ö � Ã ~� ¹ · � â�«�� �*F*G*H 200 ms

� · � â�«�� �*FG % 823 ms, i�j�ö � %�©�¼�áO[ Xc1e(n), Xc2e(n),

Xc3e(n), · · · , XcNe(n)
³

2.2.3 ^$¿$À$!
^�¿�À�!�¬��*I�¾�¼�áok »�µ ^�¿�©*J*K ³ ^�¿

À�!�©�� �*H ©��*1*L���¹ 200 ms,
x ¹�^*M � ³ s

¼�á�á�8�3�½�N�^�M � Ã i�j�[ Xc1eb (n), Xc2eb(n),

Xc3eb(n), · · · , XcNeb(n),
��Ä �$¾#"$Y#J#O ³

2.2.4 ½$¾ÂÁ�Ã
½�¾(Á Ã�©QP�© W ��¿ s ö � ¬ ^�¿�À�!�%�©

¼¦á �$� � R �$� �#S � ©ÂÁ�Ã#�$¾ (
Z [@TQá ¬ �� � ©#U¦á 8$® )

³ ¹#V#W#X#Y�© w £ v � f µ % 7
ö�÷ Ãtz � À �  ÁoÃ�½�¾ ³ ½�¾�©[Z � � 70 µV \��Ã ~ v*]*^

5 µV, "�j�½�¾ ÁoÃ�©(_o	�
 µ 20% `a Ã Z �*b a � ¹ 150 µV, i�j Xc1eba(n), Xc2eba(n),



6 � µ � ®$[XL$M Ë�� ·�� _ � <�¼ /�� á 8�©$L$M�Ì�Í�Î�Ï |$}$z${ g$h 875

Xc3eba(n), · · · , XcNeba(n)
³

2.3 Õ�Ö�×�Ø�Ù�Ú$=$>�Û�Ü�Ý�Þ$£$¥$¦$§$¨
2.3.1 ]$��� � k l á 8 (ERP)s�´�µ�¶ 0�%�i�j�© ~ A ¢�£�� ~ A ¼�á�á¶ì
©�¼�á ��� ��f ERP g�h ø�ù ��m µ�¶�³�� i�j �*�
¼�á ��� ´�µ�¶ %�©�¼�á ��� (Xc1eba(n), Xc2eba(n),

Xc3eba(n), · · · , XcNeba(n)) ^#M$� Ã  $f & (3) ]$�~ Ó�� ·�� � ��	$��
 © ERP
³

ERP(n) =

N
∑

i=1

Xcieba(n)

N
, (3)

2.3.2 ��� û�ü
¹�K�
����   ö�ï���� ÃXs�þ������ ©���� x

¹�� ¹ ����%�©�¼�á ��� © û�ü�³ å þ�ÿ���� © �� á'8 � ¹ L, ájì X © �*� á'8 � ¹ X , ã�ä�i�j
á�8 � ¹ X–L, å�¹ A

³ å ��ÿ���� © ��� á�8 �
¹ R, ã�ä�i�j�á'8 � ¹ R–L, å�¹ R′

³ ���$¹ þ���$� ©$��� � ¹ û�ü % Ã X 8�ý�©�â�« �$� ¹ X ′:

X ′=X −
L + R

2
=A + L −

L + R

2
=A −

R′

2
. (4)

2.3.3 ERP
�$�

¹�K�i�j�����© ERP
��� � I�¾ 50 Hz ©���á����Ã s ��� û�ü %�© ERP ¼¦á �$� ø�ù 30 Hz ©� Ë �$��Ã k#8��#O�å��$¹� ³

2.4 Õ�Ö�×�Ø�Ù�Ú$=$>�Û�Ü�Ý�Þ$£$D�!�"�#È i ù ¹ � � � f IBM SPSS Statistics 19.0

� � ø ù ñ ] ö ÷ µ ¶ ³�» ù ¹ � � � �  � 1��$�% 	���� {�& ��� Ã � ø�ù�' ��P�(�g�E�ö�÷
(ANOVA)

³
»

530 ms 0 H © ? ¢�£���© ERP
�$� © ñ ]

ö�÷�^ µ ©�¿�� w � ) + S T Ã�ø�ù�) )�* ' ��P
( ANOVA: ¼�+ ÿ � (

þ�¬ � ¬,� )× ¼�+ H %�8�ý
(
H ¬ � ¬ % )×

·�- � T ( Ó�Ô ¬ Ò�Ó�Ô )
³J»

50 ms .
530 ms 0#1�© �$� ¹�/ ö � Ã ¹$K�0�1 " ö�÷�2��
© ERP Ñ�ö Ã �$f�3�4�©$�#1 /�Ã,/ L 30 ms

³,5
{�6 L�M�Ì�Í�Î�Ï�7�8�k l ©�¼�+ ( 9�+ – :¶§�+ –; +<:	§$¿ ò ¸�=�> )

È�»  �© 9
A á	ì (

� y�¢�£
: È i N120

�
N300 :*< � � ��Å :o¿�� ): F1, FC,

C1, FZ, FCZ, CZ, F2, FC2, C2
³ À ´ � ε

ø�ù À@?� A�d Ã Z  
ε<0.75, ��f Greenhouse-Geisser g�h*$

! ` Z   1>ε>0.75, ��f Huynh-Feldt g�h*$�! ³ Z  Ó A ) + »�B�C A�D � 
�W�E  Ã e�f Bonferroni

P�£ ø�ù Post-hoc ö�÷ ³ Z  �F A ) + R ��G�H�E

 Ã,I�ù�J$u�E  �ö�÷ ³
2.5 Õ�Ö�×�Ø�Ù�Ú$=$>�Ý�Þ�K�L�M�N$§$¨

)$¹�¼¦á	â�«�©$�$m�ö�÷$g$h$»�B$K�Ó A EEG

â�«�© È�
 â�O Ã�È�P e�f�]���Ó A ¼�áRQ�S�©��
� � ��©$g$h ³ N$g$h 
�T$� ©$]$� E 	 ³ & (5) �U ]���Ó A ����¼�áVQ S(S(1), S(2), · · ·, S(N)) ©��
� � � (Meanamplitude) ©$g$h ³

Meanamplitude =
1

N

N
∑

i=1

S(i), (5)

¸<: Ã S(i) W�¨ ·�� � �#F#G % Ã º i ms ©�¼¦á�á
8 �$� ³

Lempel
�

Ziv
µ

1976 �$² v$z U LZC[18]
³,X

¿�Ó����� �Y S & � ��1�Q�S�Z U�[ ©�Y S & © ¢
¿#�$g$h ³ LZC © ��\ <�]�W�Y S & U ¿$i�^$	 \��Ã W`_ 
 3�����a�¼�Â�b ù ¹ ³ 
�c � U »�µ�d�e
a�Ó A ¼�á ��Q�Q�S S(S(1), S(2), · · ·, S(N)), LZC

a$^$y$]$��f�g Z 
 [
(1) h � ��Q�S S, å���Z � Ã < µ Z � å���¹

1, 
 µ Z � å��$¹ 0
³

(2) i � � Ã C =1, S =S(1), Q=[ ], SQv=[ ]
³

(3) j S Q�S<:ka 
 Ó A�l�m�n$� j Q, SQ ¹n$�
S
�

Q, SQv W�o � SQ :�½�p#:#%�Ó A�l�m�³
(4)
Z  

Q∈SQv, C =C+1, S =SQ, q�r Q
³

' ��f�g (3), (4) "�j Q
{ j�s�t�Q�S�a�:�%

Ó A�³
(5) e$f & (6) ]$� LZC

³

LZC =
log2 N ∗ C

N
. (6)

� � ]$��¼¦á���� � � � LZC a$g$h Ã � U yu z U a�v » L�M�Ì�Í�Î�Ï�L�M u�v�w�w a�¼�áO�
y�a |�} a�g�h ³xd�e a�s µ�¶ �$� ¹�e$f 2.2

d ´
µ�¶ 0�%�a�¼�á ��� Ã,d U ¹ u�v�w�w ¼�á ��y�a|$} �k( ³ a$b�a$]$��f�g Z 
 [

(1) y�z ~ A�{�w�| a�¼�á ��� a u�v�w�w a�¼
á �$� ³

(2) }�i 18
A á n (F1, FZ, F2, FC1, FCZ, FC2,

C1, CZ, C2, CP1, CPZ, CP2, P1, P2, PO3, POZ,

PO4) a�¼¦á �$� ³
(3)
s ~ A á n a�¼¦á �$� ö�Ñ 4

A �#1 � ( ~
Í�� � [ 110∼140 ms, Q�R�� � [ 260∼290 ms, 290∼

320 ms,
I�ù � � [ 500∼700 ms)

³
(4) ]�� ~ A ��1 � a���� � � � LZC

ò ~ v
w�w r � ¼¦á �$� a LZC

³
(5)
é Ñ u$v$w�w ¼¦á��$y�a |$} �k( ³
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' ������]���f�g Ã���� ~ A�{�w�|�Ã ~ v�w�w
a�¼�á ��� Ã���v�s ~ v�w�w a |�} �R(	� ¹ j |}�
���
 f�� S & Q$R��
2.6 �����������$=$>$£$A$B$?$@$§$¨� f$�$��a SVM ��� S & Q$R�� SVM a W������� ��j�� A :���a*;�� c 
 e�i�C�����y*0*1��
K*:*<��! �"���� A ¿*��#�$�a ��� ��%�& {(xi, zi)|

xi ∈ Rd, zi ∈ {−1, 1}}, i = 1, 2, · · ·, n ��'	�	(	)	*�z+�
�, f�(�)�*�-�.�/�0 Φ(xi), ��%�1�2�3�4 d�e
r	5	-	.	6	7	4	8	9�r:5 
 2	;:<	=:>:�	%:#:$	�?	@	A	B r	5	C	D:E	F	�:%	4:0:G	H�a�z +	
JI	K
Mercer L�M�N�O�/�0 
�P�Q�R 3	4�S	5	T�U	�	% R
7�4�S�5�NWVYX�Z 
\[�] K(xi, xj)=Φ(xi)Φ(xj) �\^_ 


SVM N�$�`�/�0�a�b�c (7) d�e��
f(x) = sgn

(

n
∑

i=1

α∗
i ziK(xi, x) + b∗

)

, (7)

fWg 

αi

?�h�i�jlknm�o 
 #�pWqYa�c (8) NWrY^s�t�u +�v�w �
min

α∈Rn

1

2

n
∑

i=1

n
∑

j=1

zizjαiαjK(xi, xj) −

n
∑

j=1

αi,

s.t.

n
∑

i=1

ziαi = 0, 0 6 αi 6 c, i = 1, · · ·, n.

(8)

xzy|{ /	0 (RBF, Radial Basis Function) } ?
O�/�0 
�~ c (9) � ,�� s�t =�>������ s�t SVM,,�� <�� K ����������� (K-CV, K-fold Cross Vali-

dation) U�������� SVM N s�t�� 0���<�� RBF N

SVM ����������#�� � 0 (g: RBF /�0 g N � 0��
c: ����� o 
�~ c (8)) �

K(x, y) = e(−g|x−y|2). (9)

3 ���������¡ ¡¢¤£¡¥¡¦¤§¡¨¤©¡ª¡«¬�­�®�¯
3.1 ������������°�±�²�³�´�µ�¶�·�¸
3.1.1 ¹�º�»�¼�½�¾�N�� ?�¿�À�Á�Â $�ÃÄ

2 Å	e @	Æ �	Ç	'	È	É	Ê	Ë	Ì	¹	º	»	¼	½	¾Í�Î N�Ï ?�¿�À�Á�Ð #�p�Ñ�Ò�Ó Æ ��Ç�'�È�Ô�Õ�Ö�É
Ê	Ë	Ì	×	Ø Í	Î	Ù 5 (790.7 ms) Å	Ú	Û	È	Õ	Ö	É	Ê
Ë�Ì (688.9 ms)(F (1, 12)=32.62, p<0.05), ×�Ø�Ü�ÝÞ	ß	à	á ? Ô:Õ	Ö	É	Ì (6.57%) Å	Ú	7	È	Õ	Ö	É	Ì
(0%) (F (1, 11) = 15.48, p < 0.05)

Ð�âzã|Æ �	Ç R	äå Ô:Õ	Ö	æ	ç Ù	è	é �	�	ê	ë	N	ì	¹	º	»	¼	½	¾	íî � ä å�ï�ð æ�ç�Ó�ñ�ò�¾�Ô�ó�ô�N�õ�ö Ð #�p ,��
Ï ?	¿ N	÷	ø	'	È	ù	ì	¹	º	»	¼	½	¾	ú	û	ü	Ï:ý	þÿ�� Ð
3.1.2 ¹�º�»�¼�½�¾�ì��YN Ù�� à�á À�Á�Â $�Ã

11 � Æ ��Ç���ó���N���� Ä Ó	� é à�á ? 4 �
ERP ì
� å $ ] N1 ( �	Z R 150 ms ��
 ), P2 (�	ZR

220 ms ��
 ), N2 ( �	Z R 290 ms ��
 ) � Late-

SW( ��� Û�� Ó���� R 500∼823 ms)
Ð�� á @ ä�� N ¹

º�»�¼�½�¾�N�H�� ��� Ð '�d�� Æ ��Ç�� � N ERPv�� ×�Ø�Ó	��6�a Ä 3 d�e�N ERP ��� Ð��� $ Ã À Á Å e (  ~ à 2), N1 � N2
R ù

!
2 "$#$%$&$'

(
2 )$*$+$,$-$.$/$0$1$2$3$&$'

4$5
(ms) 6$7$8$9 4$5

(ms) 6$7$8$9 × :$; 4$5
(ms) 6$7$8$9 × <$=$>$? 4$5 (ms) 6$7$8$9 × :$; × <$=$>$?

110∼140 F =6.65, p=0.027 320∼350 F =3.61, p=0.046 440∼470 F =6.54, p=0.007 80∼110 F =4.28, p=0.006

260∼290 F =7.06, p=0.024 440∼470 F =5.15, p=0.042 470∼500 F =5.55, p=0.032

290∼320 F =4.97, p=0.050 470∼500 F =6.17, p=0.021

500∼530 F =6.85, p=0.005
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ì ¹ º » ¼ ½ ¾ N H � � � g
� Ù�� R Ð R 110∼

140 ms (F = 6.652, p = 0.027) N Ù 5��	Ó�Ô:Õ	Ö	É
Ê�����E�F�N N1 N ������Z��\Õ�Ö���� é ê���� R
260∼290 ms (F =7.056, p=0.024) p Â 290∼320 ms

(F =4.971, p=0.050) N Ù 5���Ó�Ô�Õ�Ö�É�Ê�����E
F�N N2 N��	����Z��YÕ�Ö���� é ê�� Ð

!
3 4 �������� �!�"�#�$�%�&�'�(�$�)�*�+ ERP

¹	º	»	¼	½	¾	N	ì
���,�	N	ó	ô�-�. g Ó Ninc

(300 ms, ��/ R N2 N���0 ) � Late-SW �	� ��1å�2 R
Donohue �	ù [12] N�-�. g�3,4�2�5 Ò	�	Ó

; N1 (110∼140 ms) � P2 (200∼250 ms) 6�7�Ò á N��1 å�2�8�ð ù�d�9�:�;�6�N Ð Henkin ��ù�N�-�.< á @ ¹�º�»�¼�½�¾�ó�ô�N N1
å�2 Ó>=�?�@���÷�Ò

N2
å�2 N ��R Ð
Õ�Ö�A�B�Ô�Õ�Ö�N ERP

å�2 d�' Î N�ì�C � Ä
a Ä 4 d�e ÐED�F ERP

å�2
(N1, P2, N2, Late-SW)

� é 2�G R ð�H�I � gKJ�I Ð 2:ì
�KC�� Ä N�LNM
�	Ñ	Ó�Ô:Õ	Ö�A	Õ	Ö	d�O��:N �N1 ì � å�2N2�G N
��0 {�P�Q R ð�H�I � g,JNI ÓJ��R D�S � å�2 NT�8 ¹	º	»	¼	½	¾	ó	ô:N	æ:ç åN2 Ð ¹	º:»:¼	½:¾
ó	ô	N ��1 å�2 N�U��:* � á @�V�W�X õ�Y	N	H��
ò�¾ Ð
3.2 Z�[�\�]�^�_�°�±�`�a�b�c�d�e�f�´�µ�¶�·�¸
3.2.1

Æ � 1: <���Ô � 8�9
g V ¹	º	»	¼	½	¾	ì
�|0�h	8	9N
�� � �:d�ij N	8	9�k�l	ü	Ï 5 �	�	�	�	�	�	Ó��	È	�	� s	t

��c�m�n � ��N � 0�Ó SVM N g � c N�o s ��� ?
2−10∼210, ÷�0�p 2 C t þ�q ? 2

Ð
70% N�ì ��r P

1�s�t�����} ? =�>�r P Óvu�w 30% } ?�x�y r P�Ð
ó���z�È P�Q <���r P 8�9�Ó|{�} t N�r P 8�9�~�p� ü�m�n Þ Ð�y � À�Á�? 100 � y ��N�×�Ø�Z Ð à 3

!
4 4 � ERP �$2 (N1, P2, N2, Late-SW) ����$ 30 ms $ 4������ $�*�+�����$���"���� ! ( ����������� )
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Å	e @ <	�	Ô � N�{�} t ì
� 8:9	NNm�n Þ Ó
~	p
Ñ Ò���� < � × Ø ����� LZC ~ p O�� ^�� N m
n Þ Ð

(
3 �
	��
�
�


�
�$0
��$
�
�
�

�

 �
�
� F-valuea

Average 87.21% 0.81

LZC 70.65% 0.66

Average+LZC 99.33% 0.98

a: �
�
�
�
�
�
�
��$ F-value{ È�
	Ò	N��� ��	N	¹	º	»	¼	½	¾	�:��
N�	8
9�Ó ~�p"!���¹�º�»�¼�½�¾�}"# Ð ;�×�Ø��"��~�p�z
��C�$�%�&	�	ì
� Ù 5���'	� Ù 5�(	ì
�,�:Z	N�)
p�C t L�M Ð ; LZC ~�p�2*&���ì�� Ù 5�� � ��Q
$"%�Ò"+",���c�N�L�M�Ó.-"/"$"%�õ�Y102+�C t N"34"5 Ð Æ � À�Á à ã ×�Ø��"��
��"6�9�N � � é ��È
LZC, 7�� R È�×�Ø��"��ê � á @ ¹�º�»�¼�½�¾ � �
N ERP }�# Ð ;����	<	�	×	Ø������ LZC 6�8	Ó9 ù	ì	¹	º	»	¼	½	¾ ��� N�)�p�6�8���:�)�6�8�;
�"<"=�Ó � å">"? ÓA@"B�O � @ ^"C�N�¹�º�»�¼�½�¾
ì��ED x m�n Þ Ð
3.2.2

Æ � 2: F���Ô � ¹�º�ì�� Ù*G ��}*H*6*8
H @ ü�Õ�þ�����×�Ø��"��� LZC 6"8 V È�ì �

N	¹	º	»	¼	½	¾	N à 8	Ó g V Ô � Ù�G ��
N�:N	×
Ø��"� � LZC ì �26"8�}"H�Õ���ì � y ��r P N"6
8	ü	Ï	�	c�m�n Ð g V &:� Ù�G �	ü:ÏI6�8N
N���
�	c�m�n	N ��� � Æ � 1

Ð à
4 Å	e @ F	�	Ô � ÙG ��
���N*6*8�N�m�n Þ Ð

(
4 �
	��
� 4��$5 �
��$
�

�$
�
�
�

4��$5 �
�
� F-valuea

110∼140 ms 80.21% 0.74

260∼320 ms 79.65% 0.73

500∼700 ms 81.33% 0.76

a: �
�
�
�
�
�
�
��$ F-valueà
3 N�m�n Þ À	Á à ã F	�	Ô � Ù�G ��
��	N

6�8	N�m�n Þ ñ�@	�	Å:Ú �N1 ÓKJ�~:pNz��NC ä å
m�n�æ�ç Ð2L�À�Á�âWã ×�Ø��*��� LZC ì��E6*8�úM:à 8	ù	ì	¹	º	»	¼	½	¾�N�O V È	É	Ê����	õ	ö	H
��N ��1 ( Õ�Ö vs. Ô�Õ�Ö ),

[�R*P ¼* ��*Q m�n* 
��p Â w*R  �� ��R ��1 ÓTS ERP ÷�ø���`���N ÀU Ð � Ù Ó L�À�Á"V�â1W g V"X ��¹�º�»�¼�½�¾�N�ì
��r P d�
���N�×�Ø��*��� LZC 6"8�ú M*Y ��C à
8�¹�º�»�¼�½�¾�N*&��* �� Ð

4 Z\[
4.1 Z�[�\�]�^�_�b*]*^�¶*_*`
4.1.1 ¹�º�»�¼�½�¾�N�}*#

h"a"b�N�-�.���}�d�¼�Ó ¹�º�»�¼�½�¾"c������
F���¹�º�»�¼�½�¾ Æ ��N ERP -�. � Ù < á"d »�¼
½�¾�N"e �" �� � � �" ���N å�2 Ó.@"B�
"f d"Y"g
N���h"h"i"j��"k�N�¹�º�»�¼�½�¾�N “ ���"l x – �
� w�R ” t	¾ Ð Donohue � Liotti[12]

R�m b	N	¹	º
»	¼	½	¾	N�-�. g,T » d “ ����l x – ��� w�R ” t
¾ Ð m b < á�d Ó	�	Z R 300 ms N�e�� ERP

å�2
(Ninc, 200∼500 ms), n*o 8 Late-SP (Late Sustained

Positivity, � �"i"p�N�{ ��ÓA@ 500∼800 ms),
� Ù Ó


�Ò D ��� ERP
å�2�2 n V Î n ð"q º�»�¼�½�¾�N

-�. g < á N N450 � Late-SP
Ðsr �*t*u 2 Ã à W

� �" �� � é � S�»�¼�½�¾�N"v Î Ð u�w�Õ�� q Lew

��ù [19] w"x N�ê"e�N�-�.�� W d ¹�º�»�¼�½�¾ W�Xy Î���R È P ¼ ��� (N1
å�2

) �*o P ¼ (
Í�Î

)
�

�
( � ��Û � å�2 )

Ð{z"| C 8 Ó f m ¹�º�»�¼�½�¾�N
-�.�ñ�@�� < á ä � N����"l x –

w"R t�¾ Ð
} a�Ó
Buzzel ��ù"~�-�. [17] � W d Ninc ~��"� 8 q\»�¼� c*~�� ����1 ~*� ~ C��*��Ó ñ*� T » d Ninc ÷
e d q|¹	º	S G Stroop æ	ç�����~	¹	º Stroop �
� Ð Henkin �	ù [13]

< á e���~ N1
y Î 8 r � »

¼:½:¾:�I�:ÓK�Io:Ó m bI~N-N. g @:� < á Å:ÚI~
SP( i*p*~�{�� )

Ð
P -�.�~	¹	º	»	¼	½	¾	æ:ç g ÓK� �:Ô:Õ	Ö �

Õ�Ö����*� < ~ N2 (290 ms 6�7 ) � Late-SW(����
500∼823 ms) ~ ��1�� Donohue �	ù�~�-�. [12]g�3�4 < á Ð B"� ��Ô�Õ�Ö ��Õ�Ö����"� < ~ N1 d

� < ~ ��1 8 Donohue ��ù�d�9�:�;*�*~ Ð P -�.
�	} � Ù < á � ¹	º	»:¼:½	¾:æ:ç g Å:Ú�~ N1 �
N2, d�p “ ���"l x – ��� w"R ” t�¾ g ~����"D x"�
� � ¹�º Stroop

y Î g ~*� � L�M�Ô*�Wq Donohue

� < á ~ Ninc (200∼500 ms, ��/ � N2 ~���0 )
�

á Ó V q Henkin � Lew ��»*H*~ N1 � � á [13,19],

��Ç�Ø � S d ���*l x�Ð N1, P2, N2 ��� ��1 ��Ø� H
–
g�J�I ^���Ó
B D � I � Õ"��»"H*S�¹�º�»�¼

½�¾�^"�"��ó�ô�Ó�Ø"S�m�n"� ��ó�ô�Ó ð"� Ç"H�¼�ºå�2 ÓAo�Ç"H�»�¼ å�2 ÓA�"b�~�ú"J*�"S d ¹�º�»�¼
����~�l x m�n	Ó�ñ���F ���N�Il xI� á ÒN��� P
¼�������m�n �*�  ���Ó D*�*�*� d H*��� Henkin

� Yael � < á N1
å�2�8 ���*l x Ó�B Donohue �< á

Ninc (200∼500 ms)
8 ���*l x�Ð
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4.1.2 ¹�º�»�¼�½�¾*~����
N1
8 ¼�º���� å�2 Ð Donohue ��9�ô���¼�º��

� å�2 � ¹�º�»�¼�½�¾
	2~���� Ð Henkin � Yael �
~�¹�º Stroop -�.�»*H N1 
�� å�2 � Stroop

y Î
	�~���� 8 ����H����	õ:öI���:ý��:¹:º��N�I~	õ
Y���S�� “ ����l x –

� R t	¾ ” 	 Ð B ��P	Æ�� ~
ô���� 5 æ�ç
	\Ó N1 ~�Å�Ú ��1 5 ( Ô�Õ�Ö V Õ�Ö )

{ â W�� ��S d ����l x Ó � áId e �����Il x�V
~���ü�Ï���� 5 ���*~���� Ð

P2
8 ��� å�2 Ó �� ��!���"�# I ( $��"o�p )

Ð
� q ��%�����&*~*��� ( '��)(�**Q)+�,�- ) ~ ERP.�/ 	 [20−21], P2 0�%�H�1�2�3�S q ��4�5�~�e�67�8 ��9�:�;�~�<�=�>�?I��@�AIn q H�B�C���%��
��&*e�6 7�8 ��9�D�;�<�=�E

N2 1�%���<�=�> ��F���G�H 	JI�K�L � >E��M
"�N�O�BP	�Q�O�>�RPS�T�<�=�2�3�~�U�VXW�&�Y�Z
1�C���%�����&�[�\P	�]�^�_�4�5�`�W�&�a�9�`�;b > Donohue -�c�d�%�e�Z�1�f�g�<�=�2�3�h�]�i�j
`�k�l�Enm���>nT�<�=�2�3�h�i�j�k�l�`�o�p�q�r�E

Late-SW 1�s�\�t�u�<�=�>�=�v�"�N�O�Bw	�Q
O�>yx�z Donohue B Henkin ` .�/ g�{�%�e�T�<�=
s�\�h�i�j � t�E|m���>|T�<�=�s�\�h�i�t � t�q�r
`�s�\�t�u�}�~�������E���

Stroop [�\P	���3�`�����` ERP �������� S�h�C���%�����&�\�T���:�g � Dw��" “ i�j
k�l – i�j � t ” ������`���������E)��+��������
`�C���%�����&�`���������\���� “ ����q�r – o�p
q�r –

� t�q�r ” E���"�����` ERP
F���G�H �����

e� �s�\���¡�e 700 ms ¢�£�>¤m���3�`�¥�¦ ERP <
= “N1-P2&N2&Late-SW” =�p�2�3�h “ ��� – o�p –� t ” `�C���%�����&�` 3 §�q�r�>�f 3 §�q�r�¨
<�g�§�������`�C���%�����&���� ( '�© 5 m�ª ) E
����q�r (110∼140 ms): N1 B P2 «�¦�2�3�h�]�¬
z�­�®�¯�6�`�����°���±²o�p�q�r (260∼320 ms):N2

2�3�h�³�´�9�µ�¶�·�>�����]�¬�z�­�®¹¸ � `�=�º

o�p�±)»�t�q�r (500∼700 ms):Late-SW s�\�h�]�¬
z�­�®�`�t�u�}|s�\�>|¼�½���~�µ�������<�%�����&
­�®�E�¾���>�C���%���i�j���&�¿�À�³ 3 §�q�r�Á�Â
]�­�®�Ã�D�;�4�5�Ä���W�&�E���+�m�����`�C���%
����&�`�Å�Æ�Ç�x�z�����` “ i�j�k�l – i�j�»�t ”

`�Å�Æ���a�È�É�})����>)Ê�Ë�1�]�Ì�¯�6 ERP <�=
(N1, P2, N2) ³�i�j�k�l�q�r�`���2�Í�Î�E
4.2 ÏJÐ�Ñ�Ò�Ó�Ô�Õ�Ö�×�Ø�Ù�Ú�Û�Ü�Ý

����h���Þ�c�ß�C�à�%�á�â�&�ã�ä�>�]�å�æ�ßç�è�é Ä���C�à�%�á�â�&�D�;�ê�ë���ì�`�í�î�>�ïð ������Þ�%�á�ã�ä�`�C�à�%�á�â�&�`òñó~�ô�l�o
p�`�í�î�E�eòñó~�`�c�ß�C�à�%�á�â�&�`�õ�ö���÷
h�ø�r�E|½���ô�l�o�p G�H @�ù�ú���û�>|����`�í�î
Î�ü�:�[�ï�C�à�ß ç�è�éPý o�p���C�à�%�á�â�&�þ
��Eÿ¾���>ÿT�ô�l�o�p G�H d�R SJ>ÿÃ � ��Þ���a������� ` ERP í�î�>	��]�å�æ�C�à�%�á�â�&�`�ß ç

þ���m���ì�`
� �
�
� B LZC ê�ë�d�Î


�
�
��ë
C�à���á�â���`���§�q�r�E�D�]�Þ�Ë���C�à���á�â
��õ�ö�`�í�î���+�����`�í�î���:�`�ê����

(1) <���D�]�Ç���>����������� �E
(2) Ã�!�Â���a�� ��"�# > @�ù F ����]�$�%�`

å�æ�&�'�ß çJè�é Ä���ô�l�o�p�E
(3)
F '�(�C�à�ß çJè�é ¥�¦�`�)�*�+�> d���:

Ç�,�`�ô�l�o�p�-�E.�/ À�`�ô�l�õ�ö�í�î�Dw��>X�10�½���2�3�-
`�,���û�õ�ö F '�(�`���á�â���4���E�2�3�-�e F

'�(�³�g�æ F '�5�6 (Session)
ý >�2�3�7���8�9�`

&�' (Trial) æ è�: &�'�; è ` �=<�E F '�(�]�Þ�Ã
g�{�>�?�`�Z�@�s�\�D�]�Þ�g�{�>�?�5�A���>�ï ðB {�2�3�-�A���E�0 H�F '�(�³���á�â���+�A�`�)
*�+�Ä���h�Z�@�`�8�9�>�?�Ã�Î�Z�@�õ�ö F '�(��
á�â
��Î
C�Eÿm�ù�>ED � ��e�  è�é Ã�Î F ����}EF
@���õ�ö F '�(�`���á�â���Î�C�>�G�Î�7�H�I�`�K
Y�=�J�E ð C�à�ß ç�è�é�K Î�L�@���s�\ F '�(��
æ�&�'�`�C�à���á�â���¶�·�ENM é 2O3�-X`�õXö�í

P
5 QNRNSNTNUNVNWNXNYNZN[N\N]N^N_N`
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î�>²K 8 ��C�à
��á�â
�
- (ACCR:Auditory Cogni-

tive Control Rate):
F '�(�³�g�æ���Þ 7�� 8�9�`�C

à F '�5�6 ý >���á�â���º�Æ�`�ß ç æ è�: &�'�;è `P� <�E�T�õ�ö�� � Dw��Þ�2�3�-�Î�ü��������
]�c�ß�C�à���á�â���Î�C�Ä���õ�ö�E

5 �
	
��]òñó~���]�c�ß�C�à���á�â���ô�l�`���
�>

��+�����h���Þ�c�ß�C�à���á�i�j�����Å�Æ�`�C�à
��á�â���ê�ë���ì�`��� �í�î�E�����> .�/ =�J�h
��á�â���]�Þ�c�`���Â�Y�> ¼�����0��¹ñó~ F ���
]�C�à
��á�â
��Ä���ô�l�`�����
�E|Ë�æ�>�� " h��
Þ�� 7�7�� `�C�à���á�â���ß ç F '�±�M é ����`
ERP ����}���e�  è�é ù���À " =�J G�H ¨���h�C
à���á�i�j�â���`�����ê�ë�Å�Æ�>���� 3 §�q�r��
��á�q�r (110∼140 ms) }²o�p�q�r (260∼320 ms) ù
��»�t�q�r (500∼700 ms) E�x���>���Þ�C�à���á�â
��`���á�����>�����]���o�p�å�æ�&�'�ß ç þ���Ä
��C�à���á�â���D�;�`�ê�ë���ì�í�î�E�M é C�à��
á�â���`���á�ã�ä�Ä���=�r�>ó¼�«�¦�s� ERP

��!
)�*�`�� ����� B�s� ���¡�"�#���´���Å�$�)�*�`% ´�Y�~�C�& è LZC ����ß ç ê�ë�`�í�î�E K ��>' ��( É�` SVM Ä���C�à���á�â���`�o�p�E

��)�����`���]�å�æ�ß ç `�ê�ë���ì�`��� �í
î�@�ù�ï�C�à���á�ß ç�è�éPý ô�l�o�p���C�à���á
â���D�;�ß ç >�ï ð ' � ��)�����`�C�à���á�â��
-�`�� � @�ù�����L�@���]�c�`�C�à���á�â���Î�C
Ä���õ�ö�>|��:�Ç
,
� F � ö ! E|��)�` .�/ í�î�@
ù�*�+���,�à�}�)�-�-�í�.�`�ß���á�â���`�ô�l�õ
ö � E�����`�C�à���á�â�������ê�ë�Å�Æ�]�Þ����
����+�`òñó~ 7�� o�p�¿�À�`�/�Ä�d�:�0�1�2 8 E
+�g�I�`�9�µ�A .�/ C�à���á�â�������3���`���á
ã�ä�>�4�5�D�;�ß���6�7�`�� � E

8 9 : ;
1 Haykin S, Chen Z. The cocktail party problem, Neural

Comput., 2005; 17(9): 1875—1902

2 Stroop J R. Studies of interference in serial verbal reac-

tions. J. Exp. Psychol. Anim. B, 1935; 18(6): 643—662

3 Simon J R, Berbaum K. Acta Psychol. (Amst.), 1990;

73(2): 159—170

4 Eriksen B A, Eriksen C W. Effects of noise letters upon

the identification of a target letter in a nonsearch task.

Perception and Psychophysics, 1974; 16(1): 143—149

5 Brown T L, Gore C L, Carr T H. Visual attention and

word recognition in stroop color naming: is word recogni-

tion “automatic”?. J. Exp. Psychol. Gen., 2002; 131(2):

220—240
6 Morgan A L R, Brandt J F. An auditory stroop effect for

pitch, loudness, and time. Brain Lang., 1989; 36(4): 592—

603

7 Williams J M, Mathews A, MacLeod C. The emotional

Stroop task and psychopathology. Psychol. Bull., 1996;

120(1): 3—24

8 Wuhr P. A Stroop effect for spatial orientation. The Jour-

nal of General Psychology, 2007; 134(3): 285—294

9 Hamers J F, Lambert W E. Bilingual interdependencies

in auditory perception. Journal of Verbal Learning and

Verbal Behavior, 1972; 11(3): 303—310

10 Cohen G, Martin M. Hemisphere differences in an auditory

Stroop test, Perception and Psychophysics, 1975; 17(1):

79—83

11 <>=>?A@>B>C>D QNR>E>F Stroop G>H>I>J>K>L>M>DAN>O>P>Q>RS>T>U>U>V>W>X ?ZY>[>? 2005

12 Donohue S E, Liotti M, Perez R, Woldorff M G. Is conflict

monitoring supramodal? Spatiotemporal dynamics of cog-

nitive control processes in an auditory Stroop task. Cogn.

Affect. Behav. Ne., 2012; 12(1): 1—15

13 Henkin Y, Yaar-Soffer Y, Gilat S, Muchnik C. Auditory

Conflict Processing: Behavioral and Electrophysiologic

Manifestations of the Stroop Effect. J. Am. Acad. Au-

diol., 2010; 21(7): 474—486

14 Schulze K, Mueller K, Koelsch S. Auditory stroop and ab-

solute pitch: An fMRI study. Hum. Brain Mapp., 2013;

34(7): 1579—1590

15 Oehrn C R, Hanslmayr S, Fell J, Deuker L, Kremers N A,

Do Lam A T, Elger C E, Axmacher N. Neural communica-

tion patterns underlying conflict detection, resolution, and

adaptation. J. Neurosci., 2014; 34(31): 10438—10452

16 Botvinick M M, Braver T S, Barch D M, Carter C S, Cohen

J D. Conflict monitoring and cognitive control. Psychol.

Rev., 2001; 108(3): 624—652

17 Buzzell G A, Roberts D M, Baldwin C L, McDonald C

G. An electrophysiological correlate of conflict processing

in an auditory spatial Stroop task: the effect of individ-

ual differences in navigational style. International Journal

of Psychophysiology: Official Journal of the International

Organization of Psychophysiology, 2013; 90(2): 265—271

18 Lempel A, Ziv J. On the Complexity of Finite Sequences.

Information Theory, IEEE Transactions on, 1976; 22(1):

75—81
19 Lew H, Chmiel R, Jerger J, Pomerantz J R, Jerger S. Elec-

trophysiologic indices of Stroop and Garner interference re-

veal linguistic influences on auditory and visual processing.

J. Am. Acad. Audiol., 1997; 8(2): 104—118

20 Zhao L, Li J. Visual mismatch negativity elicited by facial

expressions under non-attentional condition. Neuroscience

Letters, 2006; 410(2): 126—131

21 Peressotti F, Pesciarelli F, Mulatti C, Dell’Acqua R. Event-

related potential evidence for two functionally dissociable

sources of semantic effects in the attentional blink. Plos

One, 2012; 7(11): e49099


