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Ëƒ 1a '- PCƘOAJT`BƖASUSƘVG248ƗƘC

eVeQ@ĭ�!ƙËƒ 1b -�=:+��&I\BJ
NAMD@ĭ�!ƙ 
� Ëƒ,×ä-Linux (Ubuntu 16.4)g,MATLAB ¦/
psychtoolbox 3 @ĭ�&śA!ƙOAJT`B,R`e
Y`eP- 85Hz +ŦÊ�!ƙ4!ƘËƒ¥�ŕ-OA
JT`B�: 50cm ,ŵƊ+ÚA&Ëƒ@śA&7:A
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dFL.:�S1.: 
ĨłÂû- SOA (24,47,71,94,118ms)( P �Ģ(TM �
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Ģ,Ķ£�¯�&�<þ¯,ŉ5¬?�,(fřdi
fř), 2 Ŝ¹'�A!ƙâÒÂû-TM �Ģ,§ç
āƃ( P �Ģ,ªŞÙ PAS(0,1,2,3)'�A!ƙ§çā
ƃ,�Ċ+��& P �Ģ,ªŞÙ-ūĀÂû(�&ĭ
�!ƙ 
d#H%a 
�Ģ+%�&-º 1 + 1 ũś,Ğ=((7+�@ĺ

�!ƙĝŞģ-	+
(ŞŠ 0.2°×0.2°)Ƙ Ķ£-Ó«)
#:�@¯�&�;Ä��Ħ(ŞŠ 2.1°×1.1°)(Ñ��
Ħ(ŞŠ 1.6°×0.8°)@�ĭ�!ƙÑ��7,@ P �ĢƘ
Ä��7,@TM �Ģ(�&�ĭ�!ƙĶ£-��=
7E`e(RGB 178,178,178)'±ĺ�!ƙİƌ,ŗĂŚ
-Ɠ (RGB 0,0,0)@ĭ�!ƙ 
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º 1.� 1 ũś,Ğ= 
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�< ongo ũśƘ4!�,ŉ5¬?�'�< P Ĥ�
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Ɓ�Ä��*A&�<�ƘªŞÙ 3 ,ā,T]BY�
ČƁ- 2 ,ā9;7Ñ��*A&�<ƙ���ƘªŞ
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,qp�ĭ�ūĀÂû(�&đŘ�&�<�(ƙ4!Ƙ
[O_Ü,�ú�Ċ+��&�,qp�ĭ�ąê+È
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,¿²ź;ƘSOA �Ƃ�*<�(+ƘT]BY�Č�
Ä��*<�(�ĹŪ'�!ƙ 
Ē+ƘP �Ģ,ªŞÙĘ,T]BY�Č+%�&5

<(Ƙº 3 9;ªŞÙ� 3 ,(�>@Ƈ�&ªŞÙ,
��Ä��*<+yA&T]BY�Č�Á��&�<
�(ƙŏßğ¬[O_�Ċ9;ªŞÙ(fřifř,
qp�ĭ�ūĀÂû(�&đŘ�&�<�(ƙ4!Ƙ[
O_Ü,�ú�Ċ+��&�,qp�ĭ�ąê+È¼
�<�(�:ªŞÙĘ+��&7T]BY�Č-ĲĬ
�ƘªŞÙ�Ä��*<�(+ƘT]BY�Č�Ä��
*<�(�ĺµ�=<ŋČ�ã:=!ƙ 
 
� Ē+Ëƒ 1b , SOA Ę(ªŞÙĘ,Õ½RT @º 4,5
+ĺ�ƙ 

º 4.� Ëƒ 1b , SOA Ę,Õ½RT ,E]R 

º 5.� Ëƒ 1b ,ªŞÙĘ,Õ½RT ,E]R 
 

º 4 @ŝ<(Ƙ�śĸŁ,ź; SOA �Ä��*<+
yA&ƘT]BY�ČƁ�Ä��*A&�<�(��
�<ƙ4!Ƙº 5 @ŝ<(ªŞÙ+%�&- 0 ~ 2 +
%�&-ªŞÙ�Ä��*<,+yA&ƘT]BY�
ČƁ�Ä��*A&�<ƙ 
Ëƒ 1b +��& SOA (ªŞÙ,ĵƄ�û- 0.60 '

�A!.ĴĳÂû'�<§çāƃ+Ð�&Ƙ»ÊƁ�Č
+ (fřifř )( (P �Ģ,ªŞÙ )( (SOA)+%�
& qp�ĭ@°S&ôÊ�ƘÂƁ�Č(�&(Ëƒ¥
�ŕĘ,Ó«,§ç)@ôÊ�!ŏßğ¬[O_+9
<�ú�Ċ'-Ƙfřifř( SOA ,qp�ĭ
(F(4,12400)=17.95, p=1.0�10-14),fřifř(ªŞÙ,

qp�ĭ(F(3,12407)=18.61, p=4.8�10-12)��= =ą
ê'�A!ƙ9A&Ëƒ 1a (­ď+kþ�Ĩł+T]
BY�Č+àƍ@j�&�<(��<ƙ 

 
dËƒ 1 Ŏ¬ŔÏ 
� çńT]BXcE+��&ƘP �Ģ,mşĳ*ŝ�
�T]BY�Č+àƍ�<,�+%�&čŤ�!ŋČƘ
Ëƒ 1a,1b ,kËƒ+��&ƘP �Ģ,ªŞÙ�T]B
Y�Č+àƍ�&�;ƘP �Ģ,ªŞÙ�Ä��*<
+�!�A&T]BY�Č�Ä��*<�(@ĹŪ'
�!ƙ 
�,ŋČ-Ƙ¾ćĳ+-�śĸŁ+��< SOA ,ŋ
Č(z!7,'�;Ƙ�%ƘP �Ģ,ªŞÙ- SOA ,
Ƃ�+àƍ�=<!SÞĥ,ŋČ,9
+7è�<�Ƙ
s¸,�Ċ+��&ƘSOA (ªŞÙ,ĵƄƄ�-Ý�
7,'-*�A!ƙ�:+Ƙŏßğ¬[O_�Ċ+��
&-ƘSOA (fřifřƘªŞÙ(fifř,kþ,
qp�ĭ�»ÊƁ(�&§çāƃ,ūĀ+æŜ'�A
!ƙug,ŋČ-ƘªŞÙ� SOA +9<àƍ(-Ĩł
+T]BY�Č+àƍ@j�!�(@ê³�<ƙ%4
;ƘçńT]BXcEŬƐ,T]BY�Č-ƘSOA (
P �Ģ,ªŞÙ,kþ�:Ĩł�&àƍ@©�&�<
(Ţ�<ƙ 
 Ëƒ 1 '-fřĈv(ifřĈv,Õ½ RT �:T]
BY�Č@ĠÊ�!!SƘSOA 8ªŞ,ĿÙ� P �Ģ
(fř�<TM�Ģ+Ð�<§ç@�Ż�&�<,�Ƙ
kŕ�fř�*�À¬+§ç�Ç�:=&�<,��
ĆšĀ'�<ƙ 
4!ƘSOA @÷��&�<!SƘªŞÙ,5�Â 

�!(�+§çāƃ�),9
+Â �<,��iĀ
'�<ƙ��'Ƙ�ĢĈv,fřdifř,Ďì@Â�Ƙ
P �Ģ( TM �Ģ,þ¯�fř�&�<7,Ƙifř
,7,ƘP �Ģ�þ¯@ĺ�*�7,, 3 ŀƑ+Á8
�ƘSOA @fÊ,�+»Ê�!Ëƒ@Ëƒ 2 (�&ś
A!ƙ 

XW� /V 2 

Ëƒƚ(­ď*�Ģ@ĭ�ƘSOA @ 1 %,�(47ms)
+»Ê�Ƙ P �Ģ�þ¯@ĺ�*�Ĉv@Ÿ��&

Ëƒ@śA!ƙ 
Ëƒ¥�ŕ 
ÄƅØłÄÉ,ÉĬ 32 ®(įé 18 ®ƘÆé 14 ®)Ƙ

Õ½ÖƔ- 18.65 ĕ(SD 1.31 ĕ)Ƙ�´«��"A!ƙ
4!�Ċ,Ɖ+-
# 2 ®,OeK+%�&-ƇÃ�
!ƙƇÃīĮ(�& 2 ®,ŬƐ�},Ĕńĩ� 85ƕ@
h¸A&�!!S'�<ƙ 
�ĭđ·Ń 
PCƘOAJT`BƖASUSƘVG248ƗƘCeVeQƘ

I\BJNAMD@ĭ�<.Ëƒ,×ä-Linux (Ubuntu 
16.4)g,MATLAB ¦/ psychtoolbox 3 @ĭ�&śA
!ƙËƒ¥�ŕ-OAJT`B�: 50cm ,ŵƊ+ÚA
&Ëƒ@śA!. 
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ĨłÂû(âÒÂû 
P �Ģ(TM �Ģ,þ¯,fřé,ŉ5¬?�(f

řdifřdT]BY,þ{*�), 1 Ŝ¹ 3 ęġţ
İƙâÒÂû-TM �Ģ,§çāƃ( P �Ģ,ªŞÙ
PAS(0,1,2,3).!"�§çāƃ,�Ċ+��& P �Ģ, 
ªŞÙ-ūĀÂû(�&ĭ�!. 

�ĭ�ĢdËƒîō� 

º 1.� 1 ũś,Ğ= 
 

Ëƒ¥�ŕ-ŬƐl+ 2 ċ,Ķ£,İ��±ĺ�=
<�(Ƙ4! 1 ċĴ,Ķ£-ŝ�*��(7�<�
(Ƙ2 ċĴ,Ķ£-æ�ŝ�<�(@ùĺ�=!ƙ�
�&Ƙ2 ċĴ,İ�(TM �Ģ)�±ĺ�=!:CeVe
Q,ôÊ�=!Ce@ò��('�ĉ<"�ÿ��%
ĔĹ+TM �Ģ,¯�@ń�<�(Ƙ”Ɲ”WeD�±
ĺ�=!: P �Ģ�),ĿÙŝ�!�@Ũ��<9

ĚS:=!ƙËƒ 2 '-I\BJNAMD@Ó«��
=�+��<�('§ç�&7:A!ƙ 

1 ũś,Ğ=-Ē,ź;'�<ƙ4�ĝŞģ�İƌ
lÅ+ 500ms ±ĺ�=ƘĒ+ P �Ģ� 24ms ±ĺ�=
!á+S]cDJD^ec� 24ms ±ĺ�=!ƙĒ+
TM �Ģ�±ĺ�=ƘÓ«�ü�ś?=<�TM �Ģ
�±ĺ�=&�: 500ms Ŋż�<4'�Ģ�±ĺ�=
!ƙÓ«�ü�ś?=<� 2000ms �Ŋż�<(İƌ
lÅ+ƝWeD�±ĺ�=ƘËƒ¥�ŕ- P �Ģ�)
,ĿÙŝ�!�+%�& 0(��~7ŝ�*�A!)Ƙ
1(~�ŝ�!)Ƙ2(Ķ£�ŝ�!)Ƙ3(-A�;(Ķ£�
ŝ�!), 4 ėƈ'ƘÐç�<CeVeQ,Ce@ò
��('�ü�!ƙªŞÙ,Ũ��ň?<(ũś,�
S+í;ŬƐ�ő;Ŷ�=!ƙ 
4!ŬƐl+- P �Ģ�±ĺ�=�ƘTM �Ģ,5

�±ĺ�=< P Ĥ�ũś(TM �Ģ�Ƃþß+*A&
�< ongo ũśƘ4!�,ŉ5¬?�'�< P Ĥ�
ongo ũś�ğ�:=&�!ƙongo ũś,TM �Ģ+
Ð�<§ç-I\BJNAMD@Ĕƌþ¯+��<9

nSùĺ�&�;Ƙ�=:,ũś+%�&-�ĊÐ
Ű(�*�A!ƙ 
Ëƒ 2 '-¥�ŕ+ 66 ũś@ 1 SaMD(�Ƙ5 S

aMDţ 330 ũś@śA&7:�ƘSaMD�(+Ą
| 30 Ľ,wë@�&7:A!ƙ 

1 SaMD,� 6 ũś�ţ 30 ũś- ongo ¦/ P �
ĢĤ�ũś'�;Ƙ�ĊÐŰ(*<,- 300 ũś(P �
Ģ(TM �Ģ,ŉ5¬?�[6 Ĉv]@ 10 ũś�%@ 5
SaMD)'�<ƙSaMD�,ũś,Ǝ×-�1&
]cLY"A!ƙ 
4!ćũś,�+- SOA @ 144ms +ŦÊ�Ƙćũ

ś(-ı*<ß,Ķ£@�A! 10 ũś,Őœũś@
śA&7:A!ƙ 
 
O> 
� 4�Ëƒ 2 ,ªŞÙĘ,Õ½RT @º 6 +ĺ�ƙ

º 6 @ŝ<(ªŞÙ+%�&- 0 ,ā,T]BY�Č
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