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Ƚȼ� ƶƻȰýuƱƮéwžǪȹȾ�¤zƺīȺ�

ιϐԢǥ�ιϐέΨƣ�ŝİ̩ʂ��k�zɵƋ˯�ѴӅ{�ŢȝªϧͲ�ѴӅ{�s�yk^��£l�ͺpbʒpǚ�Ȑљ”

ͭ�ƷýùɟƏ���p¦ιϐԢǥc�j¦ozιϐ�ȐљΨЧ˱ՁɵƋԢǥ�γʂ�д��ϷЉzw§���ιϐʑ̑ªΥȲy

�¦ǩƳ����ŢȝϛՂªĄɱ�ѴӅ{�s�yk^�

ɇȰýuńǏɈ�

� ˤ_�їƉo¤ĘΑ�Ӟʤ�k�¦��zĘp��£l�ƞΏ�éµÓÄè�£¥ʄɺ͊ȕªї��k¦�

o�zǄȐo¤ɱΏȐzϷͤȐz˒͍ȐzЭτȐzϬπƒȐ�©�¦Ƿq�ǉԦ�j¦^Ę�ʄɺ͊ȕ��τ

ȐΨ­ßóúË�zӸ¤sǄȐΨНȡ�їƉȐΨѴӅ�Ԃ¤§�̊�pzӂɌ�fMRI��ԙĹѡЭ͗ƉѰͩʟ

љ�їƉȐМ�ѰϡΏҏªϺƳ{�ιϐ�£¥zʄɺ͊ȕ�ɲѣ�ѰϡũΏ�ӽ©¦ЭӢĮpŠİΨ�˪¤o

��¥��j¦^y¤�Ʋό�ȖԵƉ΄��§¤�ίɠ}¦ЭӢĮ��πϷ͗Ɖªҁϳ�Ѵӵ{ˌĲ}¦ʟљ

�£¥zʄɺ͊ȕ�ӖϊªπϷϳЩ��}ǓҲ�̰Ъ�{�Ѭ˪}¦w�p΍ȖΨ�ƬЪɼ��¥��j¦^ 
� �w�zĘ�ʄɺ͊ȕ�ƞΏ�Э̰̩�Ѭ˪�klȐǉ�ƫso¤�ǷǉԦ�ĚˤΨ�ѬªĀm¦��zҏ

ΏȐ¡ϺѰʿҏ�ΏҏzĘ�їƉѬ̎�Э͗ƉѰͩzȖԵƉ΄��πϷ͗Ɖ�Ѱͩ�ˌĲʟљªϺƳ{zʄɺ

͊ȕ�ӖϊªѰϡ̰ÁçìòúÁîõ¡óäÌÐȖԵ�Ť΍{Đͩ�q¦��͢sѬ˪}¦˞��ȐљԢǥª

ˁ̟}¦^w�˞ȐљԢǥ�£¦ʄɺ͊ȕ�Э̰̩�Ѭ˪�zɺНzʄҔzʄ̵��Ę�ɱ�ǧά��¦΄Ώ

̰̩�£¥͢kΏѬªĀm¦w��£¥zʄɺ͊ȕ�ԍțª���lϬπΡɿ�Ѭ˪�ũ˟�ȪŪz£¥лk

˔Цʙ͏¡οĩϷͤŴɔ�ϟȕzy¤�Ę�ʄɺ͊ȕ�΅ɼ��z{�ѩ{�¡}kÇÝÐ°±­¡ʁǨʟљ

�ӻΥªƬЪ�}¦���j¦^ 
ɇčǤƮǔŤɈ�

� Ę�ʄɺ͊ȕ�їƉ��zήʅΨzМʈΨ�ѣϱ�zĐͩΨzѰΘΨ�ѣϱpj¦w�pζ¤§�k¦pz

ӂɌ�§¤ªbêÏñÝðúczbêÏñáúÃc�Ѱϡ˟ɚ�{�ʵm¦ƬЪɼpѽ�¤§�k¦(Doya, 1999; 
Daw et al., 2005)^ww�bêÏñc��z΍ǝ�Ά͎�j¦їƉªƨ���q�z��ϸ̑Ά͎p�lǳƏ}

¦oªĐͩ}¦̰Ъªʄƾ}¦^ʄɺ͊ȕ�Ώҏ��zїƉ�ƲӞʤХ�Ām¦ĸŇª�§�§Ѽĸ{z˺Ƿ

�ĸŇp˿ɧy§¦їƉªӞʤ}¦�kl�pǧ̃�j¦^êÏñÝðú�ʙ͏��zƲїƉ�Ȥ}¦ĸŇ�

Ɨϯ�ӖƠ���їƉªƨ��˯�ϷԵ{�ǨӦ¡И�ɋǠ�{�Ѵʍz˷˞y§¦^û˟êÏñáúÃ�ʙ

͏��zj¦їƉªƨ��ǩƳ�ıpҫw¦oªη˿ΨzӸ˿Ψ�Đͩ{z��Đͩy§�Ά͎�ɫ¤§¦Ǩ

Ӧ¡Иª���їƉ�ĸŇªѼĸ{Ӟʤ}¦^ 
� ĵm�Գ�zk�}tΥҶ}¦ƲԳŊҶ�ċ¦ozՍūɩ�ΥҶ}¦ɷӌԖҶ�ċ¦oz�klǉԦªНm

£l^j¦ˤ�ƲԳzű�ˤ�ɷӌªѽ{���˧o��˟ªӞ��kl��êÏñÝðú�ʄɺ͊ȕ�j¦^

{o{�{ƲԳzɷӌ��έΨǞ���ʗѣ˯Ӽªζ��k§�z�§�§�ųγ˯ӼªĐͩ{�£¥˧sγ

s˟ªӞ�w�p�qzw§�êÏñáúÃ�ʄɺ͊ȕ�j¦^��zk���ɷӌ�ċ¦u§��zųγp

Ӓs�лkˤ�ƲԳ�ɕ��їs�k��̖Ҹ�ȤɵpƬЪ��¦^w�£l�êÏñáúÃ�ʄɺ͊ȕ�z

˞��Ά͎�ƨ¦�qїƉªѽїӴ҆�Ԥ¤~ѰΘ{�¥zїƉ�έ̬¡ŴϮ̉ĥ�ǳƏ�}�¡o�Ȥɵ}

¦w�ªƬЪ�}¦���j¥zĘӼ�ζΨїƉ�̜ɍª�}���Нm¤§¦^ 
� êÏñáúÃ�ʄɺ͊ȕ��zņў��¦їƉªƨ��ǩƳ�Ά͎�ǳƏªĐͩ}¦bЭŢÁçìòúÁî

õc�̰Ъp͊ȕΨ�Ӫѣ�j¥zw§pЭ���£l�Ĝ϶��£¥ƬЪ����k¦o�ЭτȐ�Ӫѣ�

ǉԦ�j¦^w§���ιϐ�£¥zїƉ�ϸ̑ªĐͩ}¦ЭŢêÏñpzŹԣŹӫ¡z�w�ίēӎϹªʯ

�ȫЭ�ûӢ�Ȏǝ}¦w�pξǆy§�k¦p (Doya, 1999, 2007)z�§p��£l�πϷǓҲ¡΄Ҧ�œ

q�£¥ƬЪ����k¦o�k��˪¤o��k^ 
ɇstjrd^pŢeCtggCɈ�

� ̃Ԣǥ��z΅�êÏñáúÃ�ĐͩΨ�ʄɺ͊ȕªƬЪ�}¦Э̰̩�͒έ{z�§pЭ�ӐƏ¡ΥӘ�

ƶƻȰýÐ¾tÃg±Ȯ�
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��£l�Ӗϊ�ƬЪ��¦�oz£¥Ɨϯ�êÏñÝðú�ʄɺ͊ȕ��lĴkūuϺƳy§�k¦�oz

ЭŢÁçìòúÁîõªȖ΍}¦Э�πϷǓҲ�ūȌ̰̩�ıoªz˝΂Ψ�ζѤ�ԑƳ���sԉȴÁÃÎ

è�{�ϺƳ{�ɢ�˪¤o�}¦w�ªέ̬�}¦^y¤��§�£¦ĘӼ�ɺН¡ʁƉ���¤q�˞�

�ΏѬªzĐͩ�ʄɺ͊ȕ�¢p�ªīlϬπΡɿ�ΏѬ�Ȥϟz£¥Ƈ̑Ψ�˔Ц¡ð×ÛðÎúÁîõʙ

͏�ӻΥz£¥ĘӼΨ�óäÌÐ¡Ę�¡y{k̰Ǒ�ѶѰzϷͤ¡˒͍zοĩѥϥ�j¥˟�ˁѮ���v

¦w�ª�z}^ 
� ŠİΨ�Ջ��ĆѣҊԦªѶȕ{z�§�§Ģþ�Ĳ̥ģ҇�ʙ͏�£¥Ѭ˪�ƨ¥϶�Ւ 
ȽȺßƛc³ȣvȻ�����¤Ȼ����¤{uńŀƊďTǣßčǐjȻrudAtÁ]ÖcȻǅ_

ïiho]guCɉ�

êÏñÝðú�ʄɺ͊ȕ�ũΏ�Ɨϯ�j¦pіӋpqo�k^û˟êÏñáúÃ�ʄɺ͊ȕ��ϷԵo¤ɫ

�ζҔª£¥̖Ҹ�͗Γ}¦w�p�q¦pz��ũΏ�Ѡԓ��¦�klɫǼªʯ�^�w�ÚÐ¡Ɖ΄�z

Э�ӐƏ�ΥӘ―ԉzƲŃİ�ϷԵz��ʄɺ͊ȕ�Ȗ˯ӼΨʩ̈����z�§�§�˟ɚ�£¦ĸŇѼĸ

�λȖɼ�ɵ|�Ӟʤ�϶�Ƴ©�ªїl�klĲ̥ģ҇ªoovzҏΏȐ¡̡̰ȐМ�Ώҏª���Ӟʤ�

϶Ƴ��­ñ¾ðÄèªȪŪ{z��Đͩ�ÚÐ¡Ɖ΄�їƉȖԵªͿ{Ƴ©}w��£¥ģ҇�̤ѻªїl  ̂
ȾȺǗÓy���¤y�¢ȻÂÇǵÂȻǣßȘōvȻ��¤ ¢÷ȈurudAs�n��t{tdf

ĐƢeho]guCɉ�

ЭŢÁçìòúÁîõ��ȫЭ�ĐͩêÏñzǷЭΩҦ�λΊʿҏ̰̩pӽĀ{ՄЇ̉İzʘ̞İzʙЀ̛�

£¦ǨӦ�И�Ѽĸ̰̩ª���їƉӞʤpї©§¦�klĲ̥ģ҇ª�¦^w§ªzЭ�ƲӢĮ��πϷ͗

ƉѴӵ�£¦ΆʆĐͩ¡ǨӦѼĸ�ɵ|�ľư�̤Ūzŵʹ�κǮȖԵ�£¦̰Ъ�̤ѻªїkzy¤�Ƕ˗

�πϷϳЩ�řȐѴӵ�£¥�§¤�ѰϡӖϊªѰϡ̰ý�Ť΍�q¦ϊɔ�ŠİΨ�ɢ�˪¤o�}¦^ 
ȿȺÍǹ_uƐeȻÿȝTǎuȞ_ncsru����v]CtÙĸeho]guCɉ�

ǷЭǧɒ̛�аŌՇЧŌϷҲ�£¦η˿ՇӸ˿�ǨӦĐͩpÅóÐÓõϭ�£¥Ŵɬy§¦(Tanaka et al., 
2007)zǷЭǧɒ̛�ήʾҲՇӼʾҲ�Ν�¦ÑúÙçõƩȝİpǨӦ�£¦їƉɟƏ�И�£¦ʡŴ (Hikida 
et al., 2010)¡ðÃ¹ǓӠ(Takahashi et al., in press)�ӽĀ}¦���ζѤpɫ¤§�k¦pzw§¤ʄɺ͊ȕ

�΅ɼ�zΐǬ̉ĥ¡Ńİ�ϷԵ�ķȎ{�ҋϤy§¦�q�j¦w�pΏҏΨ�Đͩy§¦(Doya, 2008) ŵ

�ĐͩªzΐǬ̉ĥª�����їƉѬ̎�ѐΏzӟĪȌˌĲ�£¥̤ѻ}¦^ 
ɇşčǤȰýTfouŁŸTƭěɈ�

� Đͩ�ʄɺ͊ȕ�ЭѰϡ̰̩�Ѭ˪��zЭ͗ƉѰͩ¡πϷϳЩ¯éúÂõºzūȌæúµú�£¦΅ȕϳ

Щ�̰ЪʡŴ¡řŵʹ��˺˞�ȖԵʟљpÿƬ̲�j¦pzƗ�ѰͩˌĲʟљ�ԸɔƏ�u��бǷ�˗�

πϷϳЩ�͗Ɖ�ʄƾª҈�ƨ¦w��ǖԕ�j¦^ʄɺ͊ȕ�ЭѰϡ̰̩�Ѭ˪��zɱΏȐzЭτȐo¤

ϺѰΏҏzʁǨτȐ��ˣȎ�Ȑǉūӫ�̒ªҬm�ɊɐkζҔ�ʟљªԑϸ}¦w�pɲѣ�j¥zbĐͩ

�ʄɺ͊ȕ�τȐc�kl�q˞��Ȑǉūӫ�žѶ�ΥȲp͉�¤§¦^ 
ɇčǤƉƕuñ¦£Įâ[uȀƞɈ�

� Ěˤ�ΑǀτȐ�nk��z˗ΏʁǨʟљ�ɵΓp˞��Þòú¹Ãñú�������k¦^��ЭτȐ

�ΥȲ�zw§��Ę˛οĩτȐ�Ԣǥ�j��Ę�ɺН¡їƉ�ΏѬ�zΑ΄ȐΨ�ʙ͏�Υʂo¤ӄ¦w

�ªƬЪ�{��j¦^̃ȐљԢǥιϐ�ΥȲ�zȖԵΑǀτȐz˗ΏʁǨτȐzĘ˛οĩτȐ�Ѡ˗�Ѯч

ªΏѬ{z˞��іƳΨ�ιϐªħΘ{Ȗї�q¦Ę̆�Цʑªl�p{zw§�ˤ̃�Ȑљ”ͭ�Ʒýùɟ

Ə�ǷqsҚΈ}¦���j¦^ 
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Ⱦ�� ƶƻǅǌȹÑàƶƻjò`ȺTîƶƻȮƱuȒŕƝƌȹȾ�¤zƺīȺ�

ԢǥŢ�ѰΘιϐƣ�ŞƋιϐªƹ«�ιϐ϶Е�Ԣǥ�nk�Ѷȕ{�k¦Ʋιϐԟέ��ӽĺªѴӅ{zιϐ϶ЕӼ�ӎˆ

Ά͎��k�ǘћ��ªΓk�ŠİΨo�˪λ�ѴӅ{�s�yk^ 

ɇƶƻȮƱTǰƨƶƻ¸ǦǑ9�¤�ɈȹĈČvǰƨƶƻȺ�

-���ǣßTńŀƊďuǰƿƣǼ�

oá%}Ů �Òǧ-¦ǧ��ËcƠĶÞƜĭÿŮ

��ƨƘƧŮ ǔǋ
&ƠĬĲaĐƲ<ĕƟƑƯǝǊǢǕǡǨǧǝǊǢǘǨǂƠaĐÈÃŮ

²nkŮ �ÒƜ��ËcƠƕƩƠÈÁaĐÞĶƠÃāƜƔƠöĈKĿƛƠdÝŮ

¼á¬vŮ dyĚƟƄƊƯǔǋƠľĻ��ËcŊøƠǝǊǢ5Ɯ��Ů

q·�©Ů šYƠÃŇéĤĹƟTƙƉu&Ơ7ĲÛ�ŊøƠÃ�ĶéǀǚǞǣǨǀǟǦŮ

rá¢XŮ ¡þġ4ƟƄƊƯ��ËcƴǕƷƻǆƠ<Ĩ5ƟśƑƯòúŮ

ñÑ�ßŮ Ħş�ƠåƞƯ\£Ơ��Ëc�ãƆÐPƑƯÚÍƛƠƾǨǛ�ãƠň5Ů

ÀáĒŮ �ÒƜ��ËcƟ:ƥƑę�öĈÎ4Ơ�1ǮıðöĈ÷aƜ�ŀ6aƠĠ?Ů

)ŒěÌŮ ǝǊǢǘǨǂ�ÒÚ�ǕƵǨǌǒǈƻƲćƧłƳƖ~5aĐŮ

pÆí�Ů ��ËcÞĶƟTƙƉǤǙǈǋƠĬĲƜ4�ƟƬƯƿǚǞǎƽǨǀǟǦƠĕ4éaĐŮ

-�	�ńŀƊďuƸǆ÷ȈƄſ�

Q�ŞŋŮ ǝǊǢǘǨǂé��ËcƲ<ĕƟƑƯöĈKĿŮ

ŘķļÌŮ �ÒƜ��ËcƠöĈKĿǇƶǍǚƻǂƠī©Ů

o±�Ů ��ËcöĈKĿƠ<Ĩ5Ɯ��Ů

]´$Ů ƸǗǋǁƷǏǉƵƻǂƟƬƯÉ�čČ½ǄǤǋǎǦöĈƜģ4�Ơś�Ơī©Ů

ltb�Ů ¨ğƠ/Ó§B�ÒƟTƙƉŉ4��ËcƟś�ƑƯöĈKĿÈÃƠī©Ů

á�ïÅŮ ǆƶǚǦƼ�ÒƜ��ËcƟśƱƯêĽ��>Ơī¸Ů

ý�"�őŮ »Łƞġ4Ŏ�Ʋ<ĕƟƑƯöĈÈÃƠī©Ů

psvěŮ ��ËcƟśƱƯöĈKĿƠƿǏƻǋǨǛéī¸Ů

á�­©Ů JĩĄƲǝǊǢƟƏƕġ4Ŏ�«Ơ�ĩ�U*ÞÈÃƠòúŮ

Ğn¤�Ů UŔ�ÒƲƘƉƯǏǈǋǥǨƻƠī©Ů

l¹zŮ �ĖöĈKĿǇƶǍǚƻǂƟƬƯġ4�Ò��ÈÃŮ

l¹E�Ů 0Ť0ŖêĽŻČµ�Ʋ�ƑƯġ4»Ł�Ơ.�ÈÃŮ

ÊĞ�Ů ǅǖǠǕƵǈǀǞ�Ŧġ4ƲǝǊǢƜƏƕĨĩıðƜ��ËcƠöĈǜƹǎǃǛƠī¸Ů

�8ĥ	Ů ��ËcƠƕƩƠ�!Ơß�ƜĊ?ƠĖÈĕǮ£ÞǝǊǢ�¿ƜdĮÂĮŮ

h0Ţ	�Ů ôÜĖ)ǀǚǞǣǨǆƜƏƚƠ]ĖêĽęèèÔÎ4ƜaĐƠī©Ů

l´ĸŮ ��ËcƟƄƊƯžņƁſƠÂðǧ.�ǜƹǎǃǛŮ

-�
�ńŀƊďjÙĸggÖċ£ș½ċ�

ŬÆě�Ů ăöǧöĈç�ƟƄƊƯ×�éƄƬƣí�é��ËcŝeƠĖ)TëƠī©Ů

°´gŮ �ÒƜ��ËcƠ]ĖTx½Ɯ�¾�ƠöĈKĿTëŮ

æáĺ�Ů UŔǧ�ŐƠ��ËcƠÈÃī¸Ů

�±ŃŮ ǄǤǋǎǦöĈĄƠŝeƲƜƪƞƂăöç�ƟƄƊƯ��ËcöĈTëƠī©Ů

�	t�Ů ęèġ4èÝƠ��ËcÈÃƜǄǤǋǎǦĄƠ�1Ů

m�Ō=Ů ƸƺǀǋǀǦƟƬƯġ4Ŏ� ŧ�àƠī©Ů

Ç@jŮ ǑƶǡǂƻǧǑƶǡǆǨǦżǤǨǡǂƻǧǤǨǡǆǨǦƲŎ�ƑƯöĈTëƜĵĀL_Ů

̃Ԣǥ�Ƿq�΅ɰ�zҏΏȐzΥӘɱΏȐzϬπƒȐzϺѰʿȕz̡̰ȐМzóäÌÐɀȐ¡z˨ѓzԹԫ



6 

o¤v�‐ԫzԗӸԫ���Эιϐ�k��Ɋɐkūӫ�ιϐОpzbĐͩ�ʄɺ͊ȕc�klşӋ�Îúæ

����Ƶ|ǛŁ�ҕҏ{ιϐªӐ��k¦ͺ�j¦^ιϐԟέ�bѰϡΏҏcbπϷǓҲcbūȌùӟĪȌc

�Ջ��ūu��k¦pzȖԌ��Ƕs�éõØúpѠ˗�òáñ�Îúæ�ƨ¥϶�zƖſ{�ιϐªӐ�

�k¦^ 

 
� ŞƋιϐ�Ƕs�zĵm�Ģþ�£l�ѰΘιϐ�Îúæªўȓ{zίċΨ�Ƈ̑p˿ɧ�q¦Ւ 
� � A01θͦՒӐƏ¼úèÁçìòúÁîõ – A01ȶΔՒ¼úèΏҏ 
� � A01q·ՒѮ҅Ήɫ�Ώҏ s! A01ĚĔՒѮ҅Ήɫ�ĎɏśȖԵ 
� � A02̸ёՒÆÞïÝ®ÌÁìўԯїƉ – A02ȶ̃ՒÆÞïÝ®ÌÁìИǓӠїƉ 
� � A02ȫȾՒ½´ó¸�ŵʹ˟ƷĐͩ – A02ӰҖՒæ°Ã��ŵʹ˟ƷĐͩ 
� � A02ȷȼùёȵՒʄɺ͊ȕ�πϷǓҲ�ѬźȐ – A02�Ƕ˗�ιϐОՒʄɺ͊ȕ�πϷ͗ƉѴӵ 
� � A02ʑ̃ùȮĤՒÅóÐÓõ̰Ъ – A03̀̇ùΟΔՒÑúÙçõ̰Ъ 
� ��zĢþ�£l�ŠİΨ�şƵιϐ�Ӑ«�k¦Ւ 
ù� A0 ̅ȵ�zA02 ȷȼ�½Õ¹ÐúèΘŔѬ̎�ӽ}¦şƵιϐªї�kՄʁǨΏҏ�ǧ�s˞{kΘŔӛ

Ƴ­ñ¾ðÄèªӻΥ{�Ն 
ù� A01 ̅ȵ�zA01 ȷ̮�Ѯ҅ùƉĲ�£¦½çìÓ»úÁîõ����ЪƉȐМʟљ�ӽ{�Մ̡̰ȐМ

�ϔǩo¤̤ѱªї���Ն 
ù� A01 ̅ȵ�zA03 Ը̮�ºñúß��̡̰ȐМ�ӽ}¦ËìúÐð­ñҒͱªїkՄϬπùπϷΡɿɿО

�ÏúÉѬ̎�ӽ}¦ʟљΨ�̤ѱªї���Ն 
ù� A02 ǟý¤�£¦ʿψΨʿҏ�ʄɺ͊ȕ�ЭπϷτȐΨʑ̑ªǧ�zǟý� A01 ȶΔ�z΍ĠҏΏ�ʿҏ

Ώҏ�Ѫͺo¤ʄɺ͊ȕ�ʿҏ�ЭŢÁìçòúÁîõ�ӽ}¦şƵιϐªӻȈ{�k¦^ 
ù� A02 ȫ̐¤pӻΥ{�ǓҲӞʤΨ�ϳЩˌĲ�¯éúÂõº����°¯ñÃá¹Éú�zA02 ǟýzӰ

Җ¤Ѡ˗�ºñúß�˞��ȖԵ����͗ΓpӐїĄ�j¦^ 
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ȿ�� ƶƻuȓěƝƌɊǲďƱƮtƙef9ƶƻȮƱèvǰƨƶƻƈtŜƣggɋȹȿ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{z΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�yk^��zɵƋ˯�ιϐԢ

ǥ�{�Ѷȕ{�ιϐ�Ȥҗ�Ϳ¤{�z��£l�ΥȲ{�o��k�ιϐԟέƢ�ѰΘιϐ̀�ѴӅ{�s�yk^�

bЭŢÁçìòúÁîõªȖ΍}¦Э�πϷǓҲ�ūȌ̰̩ª˪¤o�}¦c�klԸkέ̬�ƷuzƲԟέ

�nk�Ģþ��n¥ĐʂĢý�ӐȲpѤ¤§�^�

ƶƻȮƱ -���ǣßTńŀƊďuǰƿƣǼ�

ƱƀɆßƛc³ȣvȻ�����¤Ȼ����¤{uńŀƊďTǣßčǐjȻrudAtÁ]ÖcȻǅ_ïi

ho]guCjŢeCtggW 
ȓěƝƌɆԢǥ�ϔýv�j���zêÏñ��ıozêÏñáúÃ��ıo�klǧ̃Ψ�ͺo¤zΝ�¦

ūӫ��Ѯч�әkªċ¥ҭmşӋΏѬªΑ��w¨o¤ÃÉúÐ{�^ǄȐzɱΏȐzɀȐ�§�§�ɟ�

ªΑo{�ιϐpӐȲ{�k¦^ 
� ȶΔ¤�zїƉϷͤȐ�ūӫ� Alais ÙïÑ¹Ã���ʄɺ͊ȕҊԦªΓk�їƉӟĪȐnҏΏȐіƳιϐ

ʙ͏ªzƥΑśќԵОՁϮՍՈՈ϶ՉՈՈՈĘՂ�Ȥ{�ӛΓ{ҋ̘ªї��^��ϸ̑zw§¤�ҊԦ�ʄ

ɺ͊ȕ��ӟĪѣǔ�ӽӎɼpԸkw�p˪¤o��¥z΅� Alais ÙïÑ¹Ã�˿ɧƇΓêÏñӋ¥�ʄɺ

͊ȕªїlo�lo�zҏΏʿҏЪſzϑӼũΏ IQ ��Ӽ�ԸkӟĪΨίӽpj¦w�ª˪¤o�{�^w�

ϸ̑�zЈԑĄ�ǚԌÂëúÒñ�bʄɺ͊ȕc΅ԑư�ΥћĐȕ�j¦^ 
� Ѯ҅�ÚÐ�êÏñáúÃʄɺ͊ȕ�nk�͊ȕΨ�Ӫѣ�ɦŽª̑�{�k¦^ĚĔ¤�Ѯ҅Ήɫ�nk

�zζѧϷԵª̨ɸƏ{ԜǱ�Ȥɵ�u¦�klǶs�Ɖ΄��ÿƬЪ�ȐМpz��ÚÐĎś��ƬЪ��

oz�klǧ̃Ψ�ǉԦ�Ȥ{�zԜ�җɰɼp��҄Ȫ�Ӫѣ�ɦŽª̑�}�klģ҇����Ďś�Э

͑ѰͩȖԵªї��^��ϸ̑zѮ҅ΉɫŹ�Ďś��ѦѧÙÉúõ�ԜǱ�΅ɰpûе}¦ǩƳ�ίƦ}¦

ǩƳ��z҄ΥЭ͑�әkpj¦w�ªѤk�{z�§pЭƲӢ�Ӽ�ʁǨĪӘ�әk�{�΍§¦�o��

k�Ѭ̎ªӐ��k¦^��zđ΄o¤ԜǱ��ŦŔªȐМ}¦�zԜǱo¤đ΄��ŦŔ�ȐМ{�{�l

�klbȤχɼʿҏc�΅ɼªzÚÐĎś�ËõÙõÂú�Ȥ{�Ƶû�ŵʹªΓk�͂һїƉȖԵªїkz

ÚÐĎś�Ѥ¤§¦ȤχɼØ¯­ÃpËõÙõÂú��Ѥ¤§�k�klΘ˿Ψ�ϸ̑ªɫ�k¦^ 
� ̅ȵ¤�zĐͩ�ʄɺ͊ȕ�nu¦΅ɰӞʤ�ǉԦ�Ȥ{�z��ѥ̭�ɵ|�Ν�¦­ñ¾ðÄèªӻΥ

{Մ�§¤�˼ƇɼªȖѻ{�k¦^y¤�zêÏñáúÃʄɺ͊ȕ�nu¦êÏñȐМ����zLSCDE �

kl̉ĥĞqλΊ�ƇΊлkʿȕʙ͏ªɟƏȐМ�϶�Ƴ©�¦ʙ͏�ӻΥ{�k¦^��ιϐūʧО�̣̃

¤�ȖāΙ�nu¦Ը̳Ŗ��˯ϭŮΨ�ʄɺ͊ȕҊԦ�nk��óØÃÐ�ȐМªƬЪ�}¦��zƗϯ�

їƉϭŮªáúÃ�ƇΊлsȐМªїl̒϶�ªȕɚƏ{zÚìúæÖ¯ÑóäÌÐŴɬ�nk���ȖΓɼ

ª̤ѻ{�k¦^ 
� ̗Δ¤�zāΙ��ω�ȖѻȖԵΓͅӼϷǏɓзՁǷӾɅ�ȉѳđ̥Ղ�nk�ՄԬȗїƉÏúÉƧԑ�Ѭ

̎zy¤�óäÌÐ�£¦Ҩҟʄɺ͊ȕěŜȖԵªї��^ŹО��k��ĵm�òúÀúòõÂÝ¬¯õÊ

�£¥ɫ¤§¦ȗ�ƉЇÏúÉo¤zȗ�ɓŢͯǝ˯Ӽp½õÛÓ²õÃÃÐ­�͂��ԙɉ�Ӹkw�¡Մ

óäÌÐªѶЗ}¦�ȗ�ƉЇpóäÌÐ�ŉ¦w�pλ҃y§�^ɩО��k�ǛΒȱ�kl΅ɼªΑo{

�óäÌÐ�ûйȗ��½çìÓ»úÁîõ�£¥ՄóäÌÐ�£¦Ҩҟʄɺ͊ȕӖϊ��ěŜƇ̑ªξ{�Ն

ŠİΨ��ՄóäÌÐ�Ź�ǲýïõ·õº 1 Į� 2 Į�ǈǂªă�ՄȗpȞ��q�˯�Մb҉����ҟl

ocªҦǉ{ˏ��ȗ�ǛΒȤҗОªʄҔy�Մȗ�ǓϞ�ӽ©¤~ǲý ( Į�ǈǂªԜǱ�ҵʳ¥�ʿя}

¦w��£¥ǲýªӊҹ�q�^ǷӾɅ�˟Ӯҹ˂�£¥ȖѻȖԵɓзpӺɓ{�{���ɩ�ģʂɓзª̩

Ϧ{ȖԵªϾuzȗ�βΎӔƉ¡ԣӢӔƉo¤Ҩҟʄɺ͊ȕĐͩª´õï¯õĐͩ�q¦w�Մ��óäÌÐ

�ěŜ�É¯çõº�£¥��Ƈ̑pǷqsǳ©¦�klϸ̑ªɫ�k¦^��Ȼ͖џĲʗ�Ɩſ{�zȖɓ

з�nu¦ӂҩǵЇЭ͗ƉѰͩ (NIRS) �βΎӔƉѰͩªƬЪ�}¦ȖԵ˟͏�ӻΥªӐ��^ 



8 

� ŞƋιϐ�ȻΔ¤�ΘŔş˼¿¯Ð�ˀҼy§�k¦ˋɥĮЗ�˯Ӽ�ÉºĞq�ǷӬ�Ŧα�ÏúÉæ¯

Óõº�£¥zѪřȗ�˕ϟїƉ�êÏñƏªїkz�§ª���ÃæúÐÝ³õΓ�Ѫř̟Ţ­ßðªĲʑ

{�ՆĚɩӸȼɅ�їlȖѻȖԵ�£¥˞��ÏúÉªƧԑ{zѪř�nu¦Ę�˕ϟʄɺ͊ȕéµÓÄè�

Ѭ˪ªӐ�¦����­ßðĴΓͫҮɔ�Ʒýªǘ¦^��Մ̗Δ¤�şƵ{�ՄѪřȗ�ҨҟїƉ�ÏúÉ

Ƨԑ¡êÏñƏ�їkՄѪř�nu¦Ę�˕ϟùҨҟʄɺ͊ȕéµÓÄè�Ѭ˪ªӐ�¦����­ßðĴΓ

ͫҮɔ�Ʒýªǘ¦Ն 
� ww���ιϐ�Ȳӻ�zȖԌ�ĘӼ�ʄɺ͊ȕ�ÏúÉªԑ�Ѭ̎}¦�kläÐè­Ìß�ʙ͏pĆѣ

�Ӣūª{��̊�pzĚɩzw§��ɫ¤§�ÏúÉª���êÏñÝðúzêÏñáúÃ�ʄɺ͊ȕ�Ĵ

kūuz϶Ƴ©��ӽ}¦ģ҇ª̩Ϧ{z�§ª̤ѻ}¦ιϐ��Дv�їsĐȕ�j¦^ 
ƶƻȮƱ -�	�ńŀƊďuƸǆ÷ȈƄſ�

ƱƀɆǗÓy���¤y�¢ȻÂÇǵÂȻǣßȘōvȻ��¤ ¢÷ȈurudAs�n��t{tdfĐƢ

eho]guCjŢeCtggW�

ȓěƝƌɆ¿ñzÕÄçzԹz˨ѓ��z̪_�êÏñƉ΄�nu¦πϷǓҲ�ѬźȐz͗ƉѴӵ�ˌĲʟљ

�£¥zЭŢÁçìòúÁîõ�êÏñáúÃʄɺ͊ȕ�ӽ©¦Óìúóõ���ǓҲ̰̩�ƵȕpӐ«�k

¦^ 
� ǟý¤�zÓãõÀñ� 6 ��Ѧѧŵʹª A1zB1zC � A2zB2zC2 �Պ��ºñúßūuªȐМy�z

̳�zC1 �ÂìúÃǨӦzC2 �ͼǨӦ�ӎƳy�¦w��£¥zA1zA2 �ǨӦzB1zB2 �ͼǨӦ�klӽ

ĺªʿҏ�q¦oªҋ�zÓãõÀñ�ʿψΨʿҏpƬЪ�j¦w�ªξ{�^y¤�ŹԣŹӫǵŌӢ�ǷЭ

ǧɒ̛Ї̉İ�Óìúóõ͗ƉªѴӵùѬ̎{�ϸ̑zŹԣŹӫ�Óìúóõ�ǨӦ��ήʾӎƳy§�k�

kŵʹ�Ȥ{��ʿψΨʿҏ�£¦ǨӦĐͩɵϞªξ}��Ȥ{zЇ̉İÓìúóõ�ŵʹ�ǨӦ��ӎƳª

ûɔȖԌ�ϷԵ{�ɩ��k�ǨӦĐͩɵϞªξy�kw�ªΥѤ{�^w§�zêÏñáúÃ�Đͩ�ʄɺ

͊ȕ�ǵʃŹԣŹӫpӽĀ}¦w�ªzƗûÓìúóõ͗Ɖ�òáñ�˪¤o�{�Θ˿Ψ�ΥѤ�j¦^ 
� ӰҖ�ӎˆιϐО� Kuhn ¤�zЭŢÁçìòúÁîõ�πϷǓҲ�{��Ȗİª˪¤o�}¦�klέ̬

�ƷuzĒřȌԩɮӶþ�æ°Ã�˞��їƉȖԵÙïÊ¯èªӻΥ{z��ԣԞч�ӔƉŹӫo¤˗Ɠo¤

ΧŃĢý�Óìúóõ�͗ƉªƵ˯Ѵӵ}¦ȖԵϭª˞��ϔ�ýv�^æ°Ã�ԣӢªǙȕ{���zϑ“

ǜ�£¥͜ý}¦äúñ�ý�гΕ�̹їӔƉp�qz��ӌɔªѰͩ}¦w�p�q¦^æ°Ã�ƼǗ��

12 Ń�ÃÜúµúpţɢ�ӤЗy§zģʂΨ�Ԝͬ�˟Ʒ�үԔª½õÐóúñ}¦w�p�q¦^ 

� �

-2.5 mm anterior,  
1.5 mm right  
from  
bregma 

Akihiro Funamizu1,2, Bernd Kuhn1, Kenji Doya1 

Investigation of neuronal activities in posterior 
parietal cortex by two-photon microscopy 

1䠖OIST Graduate University, 2䠖 JSPS research fellow (PD) 

Results 

Secondary motor cortex (M2) and PPC 

- Mouse is head 
restrained under the 
two-photon microscope 
while their limbs rest on 
the ball’s upper surface 

Speaker 

Pipe 

2:  

Reconstructing 
neurons in PPC 

Conclusion 

Neurons were reconstructed with a z-resolution of  
2 Pm starting from the brain surface down to 700 Pm 
Neurons in layer2-3 were labeled 

3 Tone conditions: 
1: 100% in 2 rounds 

3: First 1/2 round 

Sound duration: 
Reward amount: 

Reward probability: 90%  12 sec (6 sec / round) 
6 Pl or 2 Pl, changed in every 15 trials  

0 

18 
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um

be
r o

f l
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ks
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6 Pl 
2 Pl 

Condition 1 

Condition 2 

Condition 3 

Sound localization task 

Setup for two-photon 
microscopy 

- In the Pavlovian conditioning, the licking behavior of mouse depended 
on the amount of reward 

To investigate the populational neural coding of posterior parietal cortex 
(PPC) in reward-based decision making task using model-based 
prediction of hidden states 

Two-photon microscopy: 
- Adeno-associated virus (AAV) delivering the gene of G-CaMP was injected into PPC 

First 1/2 round and 

Licking behaviors in rewarded trials 

0 

18 

0 

18 

The number of licks increased 
at 6-Pl rewarded trials 

after every 120 degrees 

Objective 

123 Pm from 
brain surface  
Sampling rate: 
3.49 Hz 
151 neurons 

100 Pm 

0 -2 -4 -6 2 4 6 8 
Time from reward (sec) 

Sound source localization task: 
- Mouse gets a water reward when a 
moving tone reaches a particular position 

One trial 
Calcium imaging of one mouse 
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2 

-0.5 

Neural activities were temporally 
distributed through a trial 

Neural activities of PPC at layer 2-3 were recorded at 
6 different depths (123 – 288 Pm from surface) 

We conducted calcium imaging with the G-CaMP expressed in layer2-3 neurons 
in posterior parietal cortex (PPC) of mouse during Pavlovian conditioning 

S
ou

nd
 

0 

S/2 

S�

3S/2 

2S�

: Lick 
: Reward 

(2Pl per drop) 

: Sound 
: Hidden 

sound 

T = 0 

- Locomotion of mouse 
is captured by an 
optical USB mouse 

- Tone is continuously presented: 
Mouse always knows the sound location 

- Tone is sparsely presented: 
Mouse needs to estimate the sound 
location for predictive licking 

Sound source moves around the mouse 2 rounds either in 
clockwise or anti-clockwise, and a reward is given after 1 round  

100 Pm 

140 Pm from brain 
surface 

280 Pm 

520 Pm 

100 Pm 

140 Pm 

280 Pm 

520 Pm 

+ 

- 
+ - 

Examples of tone-induced neural activities  
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0 5.73 17.2 11.5 
Time from tone onset (sec) 

- Among the 797 neurons, 610 neurons (76.5%) 
were tone responsive (two-sided t-test, p < 10-4) 

Principal component analysis 

0.15 

-0.06 

0.1 

P
C

1 

0 

-0.2 

P
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2 

Clockwise 
Anti-clock 

Tone condition 
1 2 3 

- First and second 
principal 
component (PC) 
showed the tone 
existence and 
onset, respectively 

- Third PC showed 
the rotation 
direction at the 
tone start 

100 Pm 

Locomotion 
1 10-10 10-20 

2013/3/19 mouse#77 

Licking 
1 10-10 10-15 10-20 10-25 

Value 
1 10-4 10-6 10-8 10-10 

Sound 
1 10-4 10-6 10-8 10-10 

172 Pm from brain surface 
73 neurons 
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# 81: Continuous tone 

# 72: Tone onset 

# 84: Rotation direction 
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Time from tone onset (sec) 
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Time from tone onset (sec) 

# 134: Trial start 
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#134 
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- PPC neurons 
represented the 
various features 
of tones 

M2 PPC 2013/5/8 mouse#01 

Compared with 
M2, the neurons 
in PPC mainly 
represented 
sounds,  
although the 
represented 
sound-features 
varied 

- Anticipatory licking behaviors were observed, suggesting that the mouse 
predicted the reward presentation 

- In two-photon microscopy, we recorded the activities of 797 neurons from 
one mouse, and 610 neurons (76.5 %) were tone responsive 
- The tone-responsive neurons represented various features of tones,  
(e.g., continuous tone, tone onset, tone-rotation direction and trial start),  
but they did not strongly show the tone-azimuth or tone-azimuth-predicted 
representation 

The color boxes 
show the neural 
activity for 6 different 
tones in each trial 
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3 
0 5.73 17.2 11.5 

Time from tone onset (sec) 
0 5.73 17.2 11.5 
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Time from tone onset (sec) 
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Time from tone onset (sec) 
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Time from tone onset (sec) 
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Each box contains 
the following 
number of trials: 
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-0.2 

P
C

3 

Contribution 
 rate:  

8.50% 

5.54% 

3.32% 

Clockwise 
Anti-clock 

Tone condition 
1 2 3 

To
ne

 c
on

di
tio

n 

N
eu

ro
n 

# 

797 

1 

1 

2 

3 

N
eu

ro
n 

# 

797 

1 

N
eu

ro
n 

# 

797 

1 

Anti-clockwise Clockwise 

0 5.73 17.2 11.5 

0.7 -0.3 

Z-score 

Compared with secondary motor cortex, neurons in PPC represented mainly 
auditory inputs.  PPC responses were not correlated with the reward 
prediction (value), suggesting that PPC works as sensory detector. 

Sound: Harmonic sounds (2, 4, 8, 16 and 32 kHz, 100 dB SPL) 

: Reward onset 

T = 0 Reward onset 

(Tended to have azimuth selectivity) 

: Sound presentation 

: Sound presentation 

In each neuron, the mean activities during the 
6 different tones are shown with Z-score 

: Reward 

 

� � � ĒřȌԩɮӶƏ��ģʂԜϑӼƺξѝЗ� � � � � Ѵӵ{�ԣԞчÓìúóõ�Ջ̳ŖŤ̩ʑ 
ҊԦՉ��zԜͬ�ûȕѫӌɔ�æ°Ã��©¥ªƼǓ{zԜͬp̷Ԛ�ųӘ{�˯�”ǨӦpĀm¤§¦^
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ҊԦՊ��zæ°Ã�Ź˟��̹їӔƉ�ɵ|�ģʂԜͬpӂʾ{z˺ӂʾͺ�”ǨӦpɫ¤§¦^�§�§

�ҊԦ�zԜ�ӎϾΨ�ƺξ}¦̉ĥ�Ӽ̲Ψ�ƺξ}¦̉ĥpj¥zӼ̲Ψ�ǩƳ��æ°Ã�ĐͩΨ�ð

Ì·õºїƉªїlw�o¤zæ°Ã�ԜͬĮЗǳƏ�êÏñªȐМ{z�§�£¦Đͩ�£¥˧sλȖ�Ǩ

Ӧªɫ¦їƉªї��k¦�Нm¤§¦^ĒřȌ¯éúÂõº��z˺˞�řȐϭ�µñÁ°èʅƩɼѕřÉ

õÙ¹ªΥ΍y�¦°¯ñÃªΓk�zϮ 500jm �͢ȴ�Óìúóõ͗Ɖ��Ȓȕ{�Ѵӵ�q¦w�ªλ

҃{�^ԣԞчo¤�Ѵӵ��zԜͬ˟Ʒ�ӞʤΨ�Óìúóõ͗ƉpѤ�o��n¥z��äÐè­Ìß�

ʅѧŜſ�zŢӢêÏñ�£¦Đͩ�ɵ|�͗ƉªѬ̎Ą�j¦^ 
� ȶ̃¤�zw§��πϷΥΑȐ�ūӫ�Ć�Γk¤§�̊�ÆÞïÝ®ÌÁìªêÏñƉ΄�{�z·г�

ӟĪȌˏǳʟљªΓk�πϷ͗Ɖ�¯éúÂõº�Ŵɬ�ȖԵªȲӻ{�k¦^ՊƑΘ�ĜŬ¤§�”̫�n

k�zҩмïõßpͺ͸{�o¤ 15 υĢŢ�űƑΘ�ψƉ}§�Ԗ“ÁîÌ¹ªӠu¤§¦�klЪƉΨǓӠ

ȐМҊԦªλϔ{�^y¤�Ԙмïõß�Ȥ{��Ƶ|ƑΘ�Κ�¦�klɵϞªȐМy�z�§¤����

lπϷ͗ƉªĒřȌԩɮӶ�£¥Ѫȡ{��w¨zƵ|ƑΘ�Κ�¦�kl̉ĥ�zϵЭ�£¥ɐkϥǗ�Ó

ìúóõp͗Ɖ}¦w�ª˪¤o�{�^ 
� ŞƋιϐ�ϝĔ�zǟý�Ƶ̪�ѦѧµÎ¾ðúəűҊԦª¿ñ�ȐМy�zǨӦj¥�ǨӦ�{�µÎ¾

ðúªƦҹy��ǩƳz���Չ��ǘɢmǨӦ�ӽĺ�ϷԵo¤zƵµÎ¾ðú�ƦȤµÎ¾ðú�}���

ǘɢ�ǨӦj¥z�{ªĐͩ}¦w�pƬЪ�w�ªξ{�^y¤�w�êÏñáúÃ�ʿҏ����sʄɺ

͊ȕpzЧǵŌŹԣŹӫ�Ʀɭμ“ŵʹ (rTMS) �£¥ӿțy§zȖԌ�ǨӦj¥z�{�ϷԵ�£¦êÏñ

ÝðúǢ�ʄɺ͊ȕ�ǳƏ}¦w�ªξ{�^ 
� w§¤�ιϐ�£¥z¿ñ��ǵŌŹԣŹӫpêÏñáúÃʄɺ͊ȕ�͢sӽ©¦w�p˪¤o��¥zĚ

ɩzǷЭΩҦ�ŢӢêÏñ��§�£¦Đͩ�πϷǓҲ̰̩ªzÕÄç¡Թ��Óìúóõ¯éúÂõº��

Ƴ©��Ѭ˪}¦Đȕ�j¦^ 
ƶƻȮƱ -�
�ńŀƊďjÙĸggÖċ£ș½ċ�

ƱƀɆÍǹ_uƐeȻÿȝTǎuȞ_ncsru����v]CtÙĸeho]guCjŢeCtggW 
ȓěƝƌɆPET �£¦ÚÐ�ЭūȌ¯éúÂõºz¿ñ�nu¦ǷЭǧɒ̛mÑúÙçõϭ�πϷ͗ƉѴӵzÕ

Äç�£¦ūȌˌĲʙ͏�£¥zǨӦ�ИzɟƏ�ɳӠzήʅΨŰ˝�ʔΛΨɺН��zʄɺ͊ȕ�Ѱϡѣϱ

�ÙïéÉ�Ŵɬ�ǓҲ�΄Ҧ̰̩�Ѭ˪pӐ«�k¦^ 
� Ը̮¤�zāΙ�ŘϗªїsЭūȌ¯éúÂõºʟљªїƉϷͤȐ�ÙïÊ¯è�ϺƳ}¦w��£¥�z

�{kʑ̑ªýv�k¦ Ų̂Ϊ�˅Ǽ�ƥ˟�ƬЪɼpj¦Ű˝ª}¦ǩƳ�zǶs�ќԵО�˅Ǽ�£¥

Ƿq�͂ӪªЗk�Ű˝}¦˅ǼɳӠ�ƿ�§¦ŒƷªξ}^B7F �ЭŢÖñ­ÑòÒðõÐïõÃåú

ÉúªȕӬ{zїƉȖԵ�ɫ¤§¦˅ǼɳӠ�ϊɔ��ӽӎªҋ���w¨zѦɑ�Öñ­ÑòÒðõÐ

ïõÃåúÉú�ȟɔ�įkĘ��˅ǼɳӠ�ϊɔpɟs¸ëõÞñ�ʇӪ�j¦w�ªѤŪ{�

(Takahashi et al Mol Psychiatry 2013)^��zÿŞɋ�ūӤ�Ȥ{�Ǩɭїͻ�Ū¦їͻ�zw§��њƉΨ

�ːˊΨ�Ę΄pƨ¦���Нm¤§�k�pzїƉϷͤȐȖԵ�ɱΏʰ̬�Ѭ̎o¤z̷ή�ĝĘªľ

Ԥ{¡}kĘ΄��zКʌ�Դ¤§ŃĘΨ�½ÃÐªʜ����Ǩɭїͻ�Ū¦�klw�Ȗѻ{zy¤

�zȖή�Ǩɭїͻ�Ū¡}kĘ��ĄЭ�ÅóÐÓõÐïõÃåúÉú�ȟɔpįkw�ª˪¤o�{

�(Takahashi et al Proc Natl Acad Sci U S A 2012) ŵ§�ÅóÐÓõpƗ�њƉɼ���ӽĀ{�k¦�u�

�szӸ˿Ψ�ʔΛΨɺН�ӽĀ}¦w�ªξǆ}¦ʑ̑�j¦^ 

� Ըɔ�έ̬�Әʑ�Ʒu�ʄɺ͊ȕ�nk��Ӹ˿Ψ�ǨӦĐͩpӪѣ�j¥zĄЭÑúÙçõϳЩ�Ѡ˗

ÃÎÌß�©�¦Ӹ˿Ψ�ǨӦĐͩªћ΍}¦w�ª̀̇¤�˪¤o�{�k¦pzw�Ӹ˿Ψ�ǨӦĐͩʁ

Ǩ�Ї̉İ�ʢȧy§zӸ˿Ψ�ĸŇŰ˝�їƉӞʤ�ŲΓy§¦�Нm¤§¦^�w� 3 ��ӞʤХϑ�Ǩ

ӦʽϲҊԦĄ�Ї̉İ�Óìúóõ͗ƉªѴӵ{Ѭ̎{�ϸ̑zїƉӞʤ�ϸ̑�Ӹ˿Ψ�л{ʀ{ªћ΍}
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¦Óìúóõpŝİ� 1/3 �Ƕ˗ªƙ�¦w�ª˪¤o�{�^ 
� ��ιϐūʧО�˭ӫ¤�zҡͬ�ūӤїƉ�nu¦ήѪΨ�ȅ�ªƦˬ}¦�y§¦ Social Value 
Orientation(SVO)pzÐÌßÊ°õ�ʔΛΨɺН���£l�ϺƳy§¦oªzѴʍҘуªҊ{�����ҡ

ͬūӤҊԦ� T"D; ȖԵ�£¥̤ѱ{�^ūӤ�ŞɋɼªНʉ}¦ prosocial ºñúß�ѴʍҘу̉ĥ�ʨƸΊ

p£¥Ըszг¤�ǨӦ��ª“�}¦ individualist ºñúß�ʨƸΊp£¥įo��^ū�ǨӦ�ĝО�Ǩ

Ӧ�ɂ�Ȥ}¦Э͗Ɖ�zѴʍҘу̉ĥ��ĂќԵОºñúßӼ�˼ʄ�ɂpʘ̞İ�аŌЇ̉İ�Ѥ¤§�

��Ȥ{zѴʍͼҘу̉ĥ��w�ɂpͧȬ{� ŵ§¤�Ѫȡ� SVO ªƦˬ}¦äÐè­Ìß�οĩΨʄɺ

͊ȕ�nk�аŌЇ̉İpӪѣ�ɦŽª̑�}w�ªξǆ}¦���j¥zĚɩ¿ñªȤҗ�}¦πϷǓҲǧ

άιϐ��ӎˆ�£��zʘ̞İzаŌЇ̉İzĄЭÑúÙçõϭ�ǓҲ̰̩ª˪¤o�}¦^�

� ΟΔ¤�zǨӦȐМ���̖Ҹɼ�nu¦ǷЭǧɒ̛�ήʾҲzӼʾҲ�ǓҲ�΄Ҧ̰̩ªzƬӊΨπϷĪ

Әӿ̶(RNB)͏�£¥ҋ��(Yawata et al., PNAS 2012)^ƓȍӆҲ��ǨӦųӘȐМ�zϙûҊԦ��ӼʾҲ

Ӝ˝æ°Ã�ӫΑǢæ°Ã�Ƶ̪�ȐМ{�pzήʾҲӜ˝�ȐМӒɘªɛqҫw{�^ϙûҊԦ�ǨӦȐМ

pʑϔ{�ɩ�zϙĒҊԦ�{�ƦҹҊԦªїl�zӫΑǢæ°Ã�ήʾҲӜ˝æ°Ã�˗Ǔ�ƦȤŌ� B �

­úè�ӐŜªѽ�¦̖ҸɼpѤ¤§�pzӼʾҲӜ˝æ°Ã�ŹҊԦ�¾úñ��ǙǦ�£¦ȐМӒɘpѪ

ȡy§�^y¤�zήʾҲӜ˝� D1 ­õÉ¾ÓÃÐ�϶�Ƴ©���΅ΝΨ�ƓȍӆҲҊԦ�ȐМӒɘpѤ

¤§zӼʾҲӜ˝� D2 ­¾ÓÃÐ�϶�Ƴ©���΅ΝΨ�ӊҹȐМҊԦ�nu¦̖Ҹɼ�įþª҃��^

w§¤�ϸ̑�zʄɺ͊ȕїƉ�nu¦ǨӦo¤�ȐМ�ͼǨӦ�Ȥ}¦̖Ҹ�Ȥɵ�nk��ÑúÙçõ�

£¦ήʾҲ�ӼʾҲ�Ã¯ÌËõº̰̩�ˎӤy§�k¦w�ªξ{�k¦^ 
� Ěɩzԟέ A02 �ÅóÐÓõÓìúóõӞʤΨřŵʹȖԵªїlǷ̇zӰҖ¤��ӎˆ{zÑúÙçõzÅ

óÐÓõϛpʄɺ͊ȕ�ÙïéÉ�ʔΛ�ko�ӽ©¦oª£¥ŠİΨ�˪¤o�{�ksĐȕ�j¦^ 
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ɀ�� ǜŌƶƻǑuǓňtÃgêǅƝƌȹȽ�¤zƺīȺ�

ԢǥŢ�рʙιϐО�Цʑ�ĺ¦ƨ϶Ά͎��k�ѴӅ{�s�yk^ 

ՉՆϙՋǓ�Ԣǥĩҕo¤z��ůˤ�ŞӻËìúÐð­ñªӻŐ{�Ւ 
� ϙՋǓԢǥĩҕՒêÏñáúÃ�êÏñÝðú�ʄɺ͊ȕՁ(&
(�,�
,΋ȾǷȐՂ�

� ϙՌǓԢǥĩҕՒЭΘŔιϐ�ǧνo¤Řϗ��Ձ(&
(�

�
, ėӣǷȐՂ�

� ϙՍǓԢǥĩҕՒÚÐ�Đͩ�ʄɺ͊ȕ�ЭŢÕÌÐôú¹Ѭ˪����ͩȕ͏�Ѭ̎ Ձ͏(&
)�,�-�ʊʏǷՂ�

w§¤�ŞӻËìúÐð­ñ��zԢǥŢ�éõØú�u��szĐͩ�ʄɺ͊ȕ�ӽӎ}¦ιϐ�жƾªʯ

�ɊɐkрʙιϐОpơƁ{�^ 
ՊՆϙՌǓԢǥĩҕ��zƕˤªÎúæű�ūτĩ�{�zĢþ�Îúæ�рʙ�ÁÓ­�ιϐО�Ŝ¥Ė|

��ɳʋ��kҕҏ�ҦΠɵϞ�̰ĩªʯ��Ւ1) ǨӦ��zêÏñáúÃ��Ն2) êÏñƏ�ϺѰѬ̎ʙ͏Ն 
3) πϷǓҲ�ƬѦƏ�ˌĲՆ 
ՋՆƲūӫ�ËìúÐð­ñ½úÃªɩ˄zƖҢzԢǥéõØúp´ú¶Ò¯Äªї��Ւ 
Machine Learning Summer SchoolՁ2012.8.27-9.7 ėӣǷȐՂ´ú¶Ò¯ÀúՒ̅ȵՆҒɇՒ̅ȵՄӰҖՆ 
Autumn School for Computational Neuroscience (ASCONE, 2012)ՒǨӦ�� (2012.11.23-26 Ҏѵ)Ւ´ú¶

Ò¯ÀúՒԺȻՆҒɇՒԸ̮ՄӰҖՆ 
҃ζτȐĩ¿æúÃ¹úñՒζҔ�ћҗՁ2012.9.4-6 ϣ̜ͪ̃Ղ´ú¶Ò¯ÀúՒĚĔՆҒɇՒȒѢՄӰҖՆ 
ՌՆԢǥ�ιϐО�ǚŢǵ�ËìúÐð­ñ½úÃ¡ԑĄҒК�ώ̦Ψ�Ғɇ�{�ŪƷqzрʙ�Цʑ��

���Ւ 
Doya K (2012) Reinforcement learning in robots and the brain. IEEE Computational Intelligence Society 

Chapter Hyderabad Section, Hyderabad, India, 2012.12.21. 
Doya K (2012) Reinforcement learning and science of mind. Tamagawa University Globall COE Program 

Open Symposium, Tamagawa University, Tokyo, 2012.12.16. 
Doya K (2012) Neural networks for reinforcement learning. Graduate School of Biostudies, Kyoto 

University Advanced Course in Multicellular Network, 2012.10.30.  
Doya K (2012) Neural computation of reinforcement learning. ƶƫȱǷȐºóúØñ COE ϙ 7 ǓáúÁÌ¹

¿¯²õÃ½úÃ, 2012 Ɍ 11 ˻ 8 ˤ.  
Doya K (2012) Neural mechanisms of reinforcement learning. McGoven Institute of Brain Research, 

Peking University, Beijing China, 2012.7.19-25.  
Doya K (2013) Reinforcement learning algorithm and its neural mechanism. Ƕ̳ŖşƵЭτȐʿӐÅõÉ

úÐòúÓõºՀò¹Ëëú, NIPS, Okazaki, Aichi, 2013.3.14. (Invited, Lecture, NIPS Center for 
Multidisciplinary Brain Research Training and Lecture: Doya2013NIPS) 

� ѰΘιϐ�Ը̮zΟΔ��y�г¤�ïäªʯ��kl˯˿�ѰΘιϐ�ĠћО��¥zĐϡԚ��οĩ҃

ζ�Ԛ����гϔ�Ƕk�ɦϔ��^��͗Ҵ�Ȑљʳжĩңª�|�Ƕs�Ʃңpѻ˪{�k¦^ 
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Ɂ�� ƶƻȃuÁƥƝƌȹǲÊuŨÞƏƥ9ƶƻȃuÞųƮÁƥjò`ȺȹȽ�¤zƺīȺ�

Ԣǥιϐªїlý�ѶŏϛՁιϐԢǥŢ�ş˼}¦ѶŏùѝЗ�ҨŜùӻΥùӔΓùȖԵҡ˜ùҡ̆�ˁĶ��Ղ�͗ΓΆ͎¡ι

ϐҠ�Ƈ̑ΨĴΓ��k�ЄʭΌιϐҊԦ�͗ƉΆ͎�ĳ��ѴӅ{�s�yk^�

� ůɌɔ�ѰΘιϐ��zŘϗΨ�ιϐѝЗ�ȪŜ�Đϡª͗Γ}¦w�p�q�^΅�ӰҖ�ºñúß��z

ӎˆιϐО� Kuhn �ʯ�ʟљ�£¥˞��ĒřȌԩɮӶªµÃÉè�϶�ývzˣџǂ�͂�§��¦o�

Ȭ�kҠΓ�zԸɼЪo�їƉĄ�æ°Ã�Óìúóõ͗ƉѴӵ�˺ӛ�ÁÃÎèª̩Ϧ}¦w�p�q�^ 

 

˞��̩Ϧ{�їƉĄ�æ°Ã����ĒřȌԩɮӶÁÃÎè 
 
� ЄʭΌ��zĆŐzɩ˄}¦ħΘ�Đͩ�ʄɺ͊ȕ�ūӫ�āΙ�ŘϗªїsιϐОªʪС{zw�Ԣǥ�

ιϐ�ɛqýv�āΙΨ�ÕÌÐôú¹Ĳ¥�ҚΈ{�k¦Ւ 
ˤ̃πϷǓҲȐĩϙ(
�ǓŝǚǷĩՁ(&

�
(�
��
-�͋→τȐʟљǷȐԃǷȐՂ�

� � 6C��BSbSC�6OgO?�ʪɧҒͱ�

Э�ɱ�éµÓÄèϙ
(�Ǔŧ�ôú¹ÁîÌßՁ(&
(�
�
,�
.�ñÃÍðÈúÐՂ�

� � 6C��DOXSaV�DO]�ʪɧҒͱ�

ƳƵÁõåÂ°èՒʄɺ͊ȕ�½çìÓ»úÁîõ�ЭÊ¯Òç¹Ã�ίēĲΓՁ(&
(�-�(-ğƭǚԌÅõÉúՂ�

� � 6C��#ObVO?WSZ�6Oe�ʪɧҒͱ�

Э�ɱ�éµÓÄèϙ
)�Ǔŧ�ôú¹ÁîÌßՁ(&
)�
�/�

�ñÃÍðÈúÐՂ��

� � 6C�� S?b�4SCCWRUS�ʪɧҒͱ��
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ɂ�� ǉŏơǵÂǑtdgǵÂȹȾ�¤zƺīȺ�

ЄʭΌѼĸО�£¦ѼĸİŴ¡ιϐԢǥ�Ȥ}¦Ѽĸ½éõÐªѴӅ{�s�yk^�

ЄʭΌ­ÑØ¯ÀúȉǃՋƶ�ɠǨƻ˸�ÑïÝÐª̘҈k��qzĢþ�½éõÐªԞk�^w§¤�ҞӪ

�½éõÐª���zĚɩy¤�ԢǥιϐО�Ӽ�ӎˆªɟƏ{zĐͩ�ʄɺ͊ȕ�πϷǓҲ�{��Ȗİª

˪¤o�}¦�klέ̬�Әʑ�ſªŜ§�їsĐȕ�j¦^ 
 
ªƋȯȹůãćčáŏƮǗƹčƶƻ£ŘǓŒȓ}¢�¤� }¢�¤ȵõȺ�

� Đͩ�ʄɺ͊ȕ�zԸϛƉ΄�Э̰Ъ�̜ɍª�}Ӗϊ�j¦^w�Ԣǥ�nk���§ªƬЪ�}¦Э�

éµÓÄèªzЭŢѰϡ̰̩ªĄɱ�ʷm�Ѭ˪}¦w�ª�z{z�§�£��ĘӼΏѬ���ɵΓ���

v£l�}¦���j¦^w�£l�ƨ¥϶��nk��zt�~Э�œqª҇˪}¦���ΏҏΨ̒϶��

��Ţȝª΅ɰ�u¦ΏҏİϭªѶȕ{zuȖԌ�Э�œq�nk�zΏҏpĐͩ{΅ɰ�u¦ӖϊpȖԌ�

ї©§�k¦oªȖѻΨ�̤ϲ{zv�§¤�Ώҏn£�Э�Α΄ȐΨ̰Ъ�ȖʆpÚÐ�їƉ¡Ϭπ͗Ɖª

�w��z��£l�҇˪�q¦oª̤ѻ}¦w�pɲѣ��¦^ 
� ýѴ�£l�Ըɔ�ѣ͉�w�m¦���zw�Ԣǥιϐºñúß�ѰϡҏzÁÃÎèЭτȐzūȌЭτȐ

n£�ÚÐ�Ϭπ̰ЪѬ̎�ŌԚo¤ϺƳΨ�­ßóúËª{z�§�§�Ŭ¥ƪo¤}��Ѥ¦�qιϐʑ

̑ªʲv��j¦^ɠů�ΏҏΨ̒϶��{�zêÏñáúÃùêÏñÝðú�ʄɺ͊ṵ̩̏ªѶȕ{�w�

�zԢǥ�˟ƷĞu�˼Γ�j��^ʄɺ͊ȕ�ЭŢ̰̩ªŠİΨ�҇˪�q¦ζѤ�ks�opԗӸԫƉ΄

�ÚÐ�Ă˟�nk�ɫ¤§�k¦^y¤�zƉ΄їƉ�ǧ̃ÙÉúõªɢʑ}¦ūȌǧάªˁξ}¦ιϐ�

�ӐȲp�¤§¦^ÚÐ�їƉ�nu¦ʄɺ͊ȕéµÓÄè�ΏҏΨ΅ɰ�u�ӽ{��zжƾ͢kζѤpŪ

�k¦^ 
� w�£l�zԢǥιϐ�ɠů�έ̬�ƷuӛŬ�ιϐßóÂ±¹Ð�ЄƳİ�{�ÃÉúÐªŬ¥zԠҋ�

Ӑʶ{Ȉ��k¦^��zрʙιϐО�Цʑ�͒ſ}¦��zȨ̊ªѤʷm�ιϐǧά�ɢʑ��Ƅſp�¤

§¦^ 
� Ěɩ�zΝūӫ�ιϐОӼ�şƵιϐª���ĻӐ{z˞��̳Ŗ�ιϐžΑ�Ʒu�ǶԚΨ�­ßóúË

�˼̰Ψ�ϺƳ�Šİĵªǭ¡}w�p˾�{k^ĝ˟zĐͩ�ʄɺ͊ȕ�Ă˟�ӽ{zɪ̊�ΥʂªҬm�

˞��ΏҏΨêÏñ�ˁǇ���̤ѻ˟Ʒªʽ͉}¦w�p˾�§¦^��zĘ�Ϭπ̰Ъ�ǶԚɼ�ȁ�͢

yªНʉ{zĘӼΏѬ��ʱʔª£¥Ӑ�¦���ʄ̵Ψƨ¥϶�ª˾��k^ 
 
ƎūĿƋȹƣâčƶƻŊǗƹčǉïƶƻ}¢�¤£Ü}¢�¤ȡȺ�

� ÚÐ�ʄɴ͊ȕéµÓÄèz΅���ЭŢéµÓÄèz�ӂɌ��τȐΨ�Ѭ˪{p�kιϐȤҗ�ɺ©§

�q�^�w¨p˺ӂ�ЭτȐzїƉτȐ¡˗ΏτȐ�ΥȲ�£��τȐΨ�­ßóúË�ql¦Ȥҗ���

�q�^w�£l�҃Ҕ����̃ιϐԢǥpΥҮ{��ɺ©§¦pz��΅ɰ�zϬπƒȐzΥӘɱΏȐ�

��ÚÐ�nu¦ιϐzóäÌÐɀȐz̡̰ȐМ���ɀȐΨιϐzҏΏȐ���ΏҏΨιϐz˨ѓzԹԫz

Ծ‐ԫo¤ԙÚÐԗӸԫ�nu¦Ɖ΄ȖԵΨιϐ���ɊɐkιϐОpzbĐͩ�ʄɴ͊ȕc�klşӋ�Îú

æ����­¯Ï®­¡ʄѤªȟʾ�Ė˂{�p¤ιϐªӐ��k¦ͺ�j¦^ 
ιϐ�Ą̛ªʧlιϐѰΘΌǃ��§�§·г�Ч˱�˟͏ҏªʯ��n¥zΥҮɠů�ѰΘΌǃӼ�ӎˆ

�ɲ~{�ȝ˫���k�ɺ©§�pzw�ǉԦ�ɺ©§�ͺªŚ˽}¦��ӛŬ�ŞƋΌǃªƁŜy�¦w

��£��şƵιϐªΥȲy�¦w��ʑƀ{�k¦£l��m¦^ĵm�zA01 ѰΘιϐ�̅ȵȨΌǃ�Ş

Ƌιϐ�ȷȼɐсΌǃ�½Õ¹ÐúèΘŔѬ̎�ӽ}¦şƵιϐªȖˠ{zʁǨΏҏ�ǧ�s˞{kΘŔӛƳ

­ñ¾ðÄè�ӻΥ�ʑƀ{�^��zǟýԐӗѰΘΌǃ¡ӰҖҤ͍ѰΘΌǃ�¿ñ¡æ°ÃªĴ��ιϐ�

ȫ̐ǁĘŞƋΌǃ�ӻΥ{�ūȌΑ΄ȐΨ˟͏�ӛΓpѽ�¤§�k¦^��ĝ��ŞƋιϐ�ѰΘιϐ�ӎ
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ˆ�£��şƵιϐpʑƀ{��j¦ĵpǶ˗�¤§¦^ 
̃ιϐԢǥ�́�ΥҮՊɌ�j¦pz̦��Ƕ˗�ҏ˛¡ȐĩΥћp�y§�n¥zƓū�ʑ̑pjp¥�

�j¦£l�ɺ©§¦^Ěɩ�zǶ̪�ѰΘιϐΌǃӼ�ӎˆ¡şƵιϐªûȴĻӐ}¦���ɀǺ�˞��

ŞƋ�j���ѰΘιϐΌǃӼ�ӎˆªy¤�ɟƏ�q¦ŞƋΌǃ¡ʙю�Ӣūªўɟ�q¦ŞƋΌǃ�ʼʤ

p˾�§¦^ 
 
Ģ³ÎƧȹ-42 ǗŃÿȐÅǉïƶƻŊ£ŊȡȺ�

� ̃Ԣǥ�zĠћО�ѰϡΏҏՁêÏñÝðúȤêÏñáúÃɟƏȐМՂ�¶¯Ñy§�ks�o�Ӫѣ�ǖ

ԕ�ιϐҊԦªzɀȐzɱΏȐzπϷτȐy¤��вɑϬπƒȐ�ιϐО�Єſªj©��Ѭ͊{£l�}¦z

ʱʔΨ�ѽ�pĄɱ�Ѯm¦^êÏñÝðúȤêÏñáúÃ�ĴkūuªĆ�ҊԦ�}¦ A01 ιϐԟέ���

kpzA02 �Ą�� Pan & Sakagami(2012) Eur. J Neurosci pzŹԣŹӫǵŌӢpʿψΨʿҏ�Ȥɵ{�Ǩ

ӦĐͩp�q¦��Ȥ{�zǷЭǧɒ̛Ї̉İ����£l�Ъſp�kw�ªξ{�k¦��zǷq�ΥѤ

�Ѯm¦^��ιϐԟέ A03 �Ą�zTakahashi H et al. (2012) PNAS pzÿŞɋz̷ήzКʌ�ÅóÐÓõ

ÐïõÃåúÉú�ȟɔ�ӽĺª˪¤o�{zʄɴ͊ȕªŴɬ}¦ūȌùӟĪȌ��k�zǷq�ʑ̑ªʲv

�k¦^ιϐӻȈo¤ 3 Ɍέ�Ŝ���w¨�z΅�Ɖ΄ȖԵ�ӽ{��˯Ӽpoo¦w��ΏѬ{�k¦pz

A02 �έΨ�j¦ÓìúóõǓҲ���£l�Ê¯Òç¹Ã�£��ЭŢÁçìòúÁîõzĸŇѼĸzїƉ

ӞʤpȖ΍y§¦�oª˪¤o�}¦��z̦��ǖԕ�ɺ©§¦ 1̂ ͺ�ř��ɂ��zǷʑƀ�Ѯm¦�¨

l^�§�Ʒu��ͭŏ�Ɠū�y§�k¦��Ѽĸ�q¦pz˺ɩ�ǸʚΨ� 1 Ͱ�­¯Ï­ªɲѣ�}¦

Đʅp}¦^ 
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Ƀȼ«sƶƻňųȹƭŢéwƜǳjò`Ⱥ9ƶƻȮƱƈtǰƨƶƻ£ÑàƶƻuȯtŜƣgg:��

ȹȿ�¤zƺīȺ�

΍ǝȖˠ{�k¦˞ȐљԢǥιϐՁŞƋιϐƹ�Ղ�ιϐҊԦªŖ�Υћ{�ιϐʑ̑ՁΥ˪ƣ�΅ѷªƹ�Ղ��k�zǘ

ћ��ªΓk�ιϐԟέ̀�ѰΘιϐùŞƋιϐ�Ԡ�˘Ώ{zŠİΨ�ѴӅ{�s�yk^�nzԢǥŢ�şƵιϐϛ�£¦

ιϐʑ̑��k����˦ªѴӅ{�s�yk^�

ƶƻȮƱ -���ǣßTńŀƊďuǰƿƣǼ�

ɇǰƨƶƻɈ�

Mineshima K, Okada M, Takemura R (2012) A diagrammatic inference system with Euler circles. Journal of Logic, 

Language and Information, 21, 3, 365-391.  

Mineshima K, Sato Y, Takemura R, Okada M (2012) On the cognitive efficacy of Euler diagrams in syllogistic 

reasoning: A relational perspective. Proceedings of the 3rd international workshop on Euler diagrams (Euler 

diagrams 2012), CEUR Workshop Proceedings, 854, 17-31. (Best Paper Award) 

ºïÝ®Ì¹ҏΏʿҏ�ΏҏêÏñª̩Ϧ{zw§ª҃ζȖԵn£�բMRI ЭΘŔιϐªӋ|�̤ѻ{� ʑ̂Ę

�ȫȐΑśϖªќԵО�{�z�§�§� Euler ǘǢºïÝ®Ì¹ʿҏ�҃ζßóÅÃΨ΅ɰª˪¤o�{�^

y¤�w�ҏ˛�ʑ̑�ǧ�k�zºïÝ®Ì¹�ћ΍�ÏÀ¯õ�әkpʄɺ͊ȕƣ�ʄƾʠ˃�Ām¦ɥԝ

ª­¯ÐïÌµúªΓk�ҋ̘{zǶȳɼæÐð¹ÃՁǈǂ�Ĝ̪͂һµÉóºՂªΓk�z̨ ȍÎ·ÃÐћ�z

ћ΍˟͏�Ν�¦ÁõäðÌ¹�ϻΨћξ�ǩƳ�ՁҏΏΨ��ƵŇ�j¦��ӽ©¤~Ղʄɺ͊ȕpΝ�¦w

�zn£���΅ɰª˪¤o�{�^ 
Jitkrittum W, Hachiya H, Sugiyama M (2013) Feature selection via L1-penalized squared-loss mutual information. 

IEICE Transactions on Information and Systems, E95-D, 7. (reviewed) 

͂һΨȫѥ̭�ÏúÉo¤�Đͩùʄɺ͊ȕǉԦ�Ȥ{�ƇΊлk RSMI (Relative Squared-loss Mutual 
Information) �ʁǨӬ̨ɸ�£¦΅ɰӞʤ͏�zǷѥ̭�Đͩùʄɺ͊ȕ�Ȥ{�ÚñáñÐùÁìçÌÐ·

ϔɼѥͭ (Hilbert-Schmidt Independence Criterion; HSIC) �ʄƾ�˺�Ӫѣ�΅ɰªӞʤ}¦΅ɰӪ��Ã

ÙúÃȐМ­ñ¾ðÄè�j¦ HSIC-LASSO ªӻΥ{�k¦^w§¤Ē��ʙ͏ªϺƳ{zĒċ˅ǼίēʁǨ

Ӭ SMI �΅ɰӪ�ÃÙúÃȐМª϶�Ƴ©��˞{kÉ¯ß�΅ɰӞʤ­ñ¾ðÄè L1-LSMI ªӻΥ{�ՆѰ

ϡ̰ȖԵ�£¥ÏúÉ˗pԂ¤§�Ά͎��Ϭɔлs΅ɰӞʤªїlw�p�q¦w�ªλ҃{�Ն 
ɇÑàƶƻɈ�

Ishibuchi H, Hoshino K, Nojima Y (2012) Evolution of strategies in a spatial IPD game with a number of different 

representation schemes. 2012 IEEE Congress on Evolutionary Computation (CEC). Brisbane Convention 

Centre, Brisbane, Australia. (June, 10-15, 2012) 

Ж¥Ӄ{ǒĘ�Âòõæ¼úè (IPD) ªїlӐƏ²úÂ±õÐ�ԑǕ�nk�zȤʔ�ĖӤ�ȯʗɼ�Ƿǥɼ

pzїƉӞʤ�҆¥pλΊΨ�ΥΑ}¦Ά͎��ƖſΨ�ʔΛ�Ȓȕɼ���£l�ɥԝªƣ�}oªǷѥ̭Á

çìòúÁîõ�£¥Ѭ̎{�^��ϸ̑zÃêúñôúñÑΨ�ŴԂy§�ίēĲΓ����ƖſΨ�ʔΛp

Ȓȕ�ӐƏ}¦�kl˞��ζѤªɫ�^ 
Terasawa Y, Fukushima H, Umeda S (2013) How does interoceptive awareness interact with the subjective 

experience of emotion? An fMRI study. Hum Brain Mapp, 34, 3, 598-612.  

Terasawa Y, Shibata M, Moriguchi Y, Umeda S (2013) Anterior insular cortex mediates bodily sensibility and 

social anxiety. Soc Cogn Affect Neurosci, 8, 3, 259-266.  

ʄɺ͊ȕ�nk�ҵİʅѧ�ʅʁp��£l�ɦŽª̑�}o�klǉԦѶȕ�ɱΏzΑΏzfMRI ȖԵªї�

�^��ϸ̑zҵİʅѧ�ʅʁ҃ζ�ĂҊԦ�şӋ{�zȻΩҦŹӢ�аŢŌŹԣŹӫpɟsӽĀ}¦w�ª˪

¤o�{�^��zȻΩҦŹӢ�͗Ɖ�οĩΨÿȒ�ʰ̬��˼ʄ�ίӽ{�n¥zҵİʅѧ�ɟsӽĀ}¦Ɂ
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Ѧɑ�͗Ɖpƞǔ��¥zȻΩҦ�͗ƉªĤě{�zÿȒ�òáñ�ɥԝ}¦w�pξy§�^ 
ƶƻȮƱ -�	�ńŀƊďuƸǆ÷ȈƄſ�

ɇǰƨƶƻɈ�

Pan X, Sakagami M (2012) Category representation and generalization in the prefrontal cortex. Eur J Neurosci, 

35, 7, 1083-1091.  

ʿҏҊԦªѲЊ{�ÓãõÀñ�ŹԣŹӫǵŌӢ�ǷЭǧɒ̛Ї̉İ��§�§ƗûÓìúóõѴӵΓԖ̦

ªŵŜ{zҊԦӑїĄ�πϷ͗ƉªѴӵùѬ̎{�^w�ҊԦ��z, ��Ѧѧŵʹª ( ��ºñúß�©uz

�~z�§�§�ӽĺªȐМy�¦Ձ3
z4
z5
 �£¦ºñúß� 3(z4(z5( �ºñúßՂ̂ ̳�z5
 � 5( ª

Ĵ��ºñúß�ÂìúÃǨӦ�ӽĺª˔mz3
z3(z4
z4( �ǨӦ��ӽĺªʿͩy�¦^y¤�z˞��ŵ

ʹՁ��m� #
 � #(ՂªȪŜ{z4
 � 4( ªĴ��˞{kŵʹp��¤�ºñúß�ȳ}¦oª˔m�nqz

ýӅ�£l� 5
 � 5( �ǨӦʁǨo¤z˞{kŵʹ�£¦ǨӦĐͩp�q¦o�lo�ҋ��Ձ˞{kŵʹ�̀

ˤ˞��ȪŜy§¦ՂՁǘ 
Ղ̂ �

�

˞{kŵʹªĴ��ȖԵ��z¿ñ�їƉ��ŹԣŹӫǵŌӢՁB85Ղ�Óìúóõ�͗Ɖ��zήʾϷԵ�

{�ǨӦªĐͩ{�k¦w�pλ҃y§�^{o{zǷЭǧɒ̛Ї̉İՁEFDՂ�Óìúóõ�zǨӦ��ӽĺ

ªήʾϷԵ{�ŵʹ��k��ǨӦĐͩ͗Ɖªξ}pz˞��ȪŜ{�ŵʹp�|��Ĵ©§�˯�z��˯�

Ԃ¥ǨӦĐͩ͗Ɖ�ξy�o��^w�w�o¤zŹԣŹӫǵŌӢ�zήʾϷԵp�s��zϷԵ{�ŵʹ�ŵ

ʹzŵʹ�ǨӦ�ӽĺo¤ǨӦªĐͩ}¦w�p�q¦ՁʿψΨʿҏՂpzǷЭǧɒ̛Ї̉İ��zw�£l�

ǨӦĐͩЪſ��k�klw�p©o��^�

Aoki T, Kinoshita M, Aoki R, Agetsuma M, Aizawa H, Yamazaki M, Takahoko M, Amo R, Arata A, Higashijima SI, 

Tsuboi T, Okamoto H (2013) Imaging of neural ensemble for the retrieval of a learned behavioral program. 

Neuron, 78, 881-894. (reviewed) 

ÆÞïÝ®ÌÁì�zҩzԘ� 2 м�ïõßª̉ĥŵʹ�{�ξ{z2 ��̷ƦȤ�ñúñªȐМy�¦w�ª

ѽ��ՁǘՊAՂ̂ }�©�zÆÞïÝ®ÌÁì�zҩмïõßpͺ͸{�o¤ 15 υӼ�l��ƦȤŌ�Ӣȱ�

Ӊv�k�Ԗ“ÁîÌ¹ªĀm¦bӉv¨ñúñc�zԘмïõßpͺ͸{�k¦ 15 υӼ�Ƶ|Ӣȱ�ȰϾu

�k�Ԗ“ÁîÌ¹pĀm¤§¦b���§ñúñcz� 2 ��ñúñªƵ˯�ȐМ}¦£l�ѲЊªї��^

w�£l� 2 м�Ν�¦ñúñªȐМ}¦�z�§�§�ñúñ�nk�˺ӛ�їƉ�ßóºïè�z2 ��Ν

�¦πϷϳЩЙ�͗Ɖ�£¥ű_�҈�Ūy§¦w�pūo��Ձǘ 2Ղ̂ ΅�b���§ñúñc�ȐМ{�ї

Ɖßóºïèª҈�Ū{�k¦˯�Э�πϷ͗ƉÙÉúõ�zbӉv¨ñúñc�ȐМ{�їƉßóºïèª҈

�Ū{�k¦˯£¥ɐp��k�^w�ȖԵϸ̑�£¥zΝ�¦їƉ�ßóºïè�Ν�¦πϷϳЩЙ�͗ƉÙ

ǘ 
�� ʿҏҊԦ 

(�) �ǨӦ¯õÃÐï¹ÁîõՁD;FՂ

ѽї�ɩz.�
& �ÊÞñ¿Ì»úÑ

Ձ6EFՂѽїpϾs^ÅÌÁîõx�

�˞{kŵʹâ­pȪŜy§z6EF �

�|��ȪŜy§¦Ź�z˞ {kŵʹ

�м�ŵʹ��ӽĺ�uªzj¤o|

�˔m¤§�k¦^ 
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Éúõ�£��҈��y§¦w�p˪¤o����^ 

�

ǘՊ� Պ��ñúñ�ȐМ�ɵ|�πϷ͗Ɖ�ƬѦƏ�

ɇÑàƶƻɈ�

Komura Y, Nikkuni A, Hirashima N, Uetake T, Miyamoto A (2013) Responses of pulvinar neurons reflect a 

subject's confidence in visual categorization. Nat Neurosci, 16, 6, 749-755.  

(News & Views �ϴě, F1000 prime �ʰȕ)� ҩ�Ѕ�ïõÊèÑÌÐ���¤o�м�γέ{z��ӔƉ˟Ʒ

�ɵ|�Øúªʥ}�klҊԦªȖїĄ�¿ñ�Ѧɑ̏(pulvinar)�Óìúóõ�͗ƉªѴӵ{�^ŵʹp˵ˮ

�̉ĥ��zŵʹo¤Ϯ 160ms Ģԁ�Óìúóõ͗ƉpįszŰ˝�гľ��k˯��Ջ�έ�òØúªʥ{

Ȭ�kpλȖ�ǨӦªɫ¦bŰ˝ǓӠc´ßÁîõªĀm�ǩƳz΄ΏΨŵʹ�Ƶ|��zŰ˝ǓӠªӞ«�ѽ

ї��Ѧɑ̏Óìúóõ�͗Ɖ�˼ʄ�įo��^y¤�w�ӢĮ�πϷ͗ƉªѐΏΨ�ÞóÌ¹{��w¨z

Ű˝ǓӠ�ӞʤpǭƁ{� Ģ̂ýo¤zѦɑ̏�͗ƉpѦѧŵʹҔű�λľɔ�ɥԝ}¦w�p˪¤o����  ̂
ƶƻȮƱ -�
�ńŀƊďjÙĸggÖċ£ș½�

ɇǰƨƶƻɈ�

Takahashi H, Takano H, Camerer CF, Ideno T, Okubo S, Matsui H, Tamari Y, Takemura K, Arakawa R, Kodaka F, 

Yamada M, Eguchi Y, Murai T, Okubo Y, Kato M, Ito H, Suhara T (2012) Honesty mediates the relationship 

between serotonin and reaction to unfairness. Proc Natl Acad Sci U S A, 109, 11, 4281-4284.  

ÿŞɋ�Ȥ{�ς����lklїƉª�¦o�klƫso¤ǄȐzɱΏȐzϷͤȐz͏Ȑz˒͍ȐzΑ΄Ȑ�

�Ƕs�ȐǉԢǥ�ʝ©§�q�ǉԦ�Ȥ{�zŋɉОªȤҗ�nӭªūӤ}¦Ϸͤ¼úè� PET �ɼ̝̤̘

ªΓk�ιϐªї��^ɪ̊zÿŞɋ�ūӤ�Ȥ{�њƉΨ�ːˊΨ�Ę΄pǨɭїͻ�Ū¦�Нm¤§�k�

pz̷ή�ĝĘªľԤ{¡}kûѤzɋǁΨ�Ę΄pzÿŞɋ�Ȥ{�Кʌ�Դ¤§zŃĘΨ�½ÃÐªʜ��

��Ǩɭїͻ�Ū¦�klw�ªϷͤȖԵ�Ȗѻ{�^Ȗή�Ǩɭїͻ�Ū¡}kĘ��ĄЭ�ÅóÐÓõÐï

õÃåúÉú�ȟɔpįkw�ª˪¤o�{�^ÅóÐÓõpƗ�њƉɼ���ӽĀ{�k¦�u��szӸ˿

Ψ�ʔΛΨɺН�ӽĀ}¦w�ªξǆ}¦ʑ̑�j¦^ 
�&(&!��4��8�P�0��3��.�HD,�4��3�/�,(��4����HA�8��0�(�H&/%&�3��	��
	
 �1�0%P�4�/-" &#& �*,!N)�0&,H�,#�HN )"N/�

�  N*�"H/� &H� ."P�.!� �H!� �2"./&2"� �"%�2&,.� 2&�� /")" 0&2"� 0.�H/*&00".� ." "-0,./��

1., �0�0)�- �!�3 &�53-�������)���

ûŌ�Ōǡ̛�ƬӊΨπϷĪӘ͏ªȪŜ{z

ήʾҲj¦k�ӼʾҲ�πϷĪӘªӜ˝{

�æ°Ã�ĝŌ�Ōǡ̛�πϷĪӘ΄ҦƩ

ȝİ­¾ÓÃÐz­õÉ¾ÓÃÐª͒Ŝ{z

ǨӦїƉƣ�ɳӠїƉªѪȡ{�ՁǘՋՂ̂

ǨӦїƉѽԵ�j¦̉ĥĞuǩʗǐȅɼѽ
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Ե�nk�z3 ˤӼ�Ëî½òúÐ�£¦ǩʗ̉ĥĞu�Ԍ�Đ�µÓìúïo¤ѐ΄ʢĀªїl�z΂Ōήʾ

ҲӜ˝(D-aRNB)�ÑúÙçõ D1 ­õÉ¾ÓÃÐ�j¦ SCH23390 �ʢĀ�϶�Ƴ©����zĂŌήʾҲӜ

˝�Ƶϛ�ǩʗǐȅɼ�ʡŴpѤ¤§�^w�ϸ̑o¤zǨӦїƉ�nk�ήʾҲ� D1 Ʃȝİ�͗ɼƏpɲԡ

�j¦w�ªξ{�^̳�zɳӠїƉªûѽї�£¦ʡŴɼǓӠѽԵ�ͩȕ{�^Ԗ“ÁîÌ¹�£¦̉ĥĞu

�ήŹ�ѐŻʢĀªїl�z΂ŌӼʾҲӜ˝(I-aRNB)� D2 ­¾ÓÃÐ�j¦ quinpirole j¦k� aripiprazole
�϶�Ƴ©����zĂŌӼʾҲӜ˝�Ƶϛ�ɳӠїƉ�ʡŴpѪͩy§�^w�ϸ̑�ɳӠїƉ�nk�Ӽʾ

Ҳ� D2 Ʃȝİ�ÿ͗ɼƏpӪѣ�j¦w�ªξ}^ʡŴɼ D2 Ʃȝİ�ÿ͗ɼƏ�ӼʾҲϳЩ�ºñÉçõӧ

ĪӘ�nk�Ӹ˿ǭɟ(LTP)ª҄Ȫ}¦w�pζ¤§�k¦^�w�zӼʾҲ�πϷƬǪɼ�Ӫѣ�ƩȝİЙ�

j¦ NMDA Ʃȝİz­ÏÖÁõ A2a ƩȝİzµõÒÛÖ¯Ñ CB1 Ʃȝİ�ӽĀªҋ���w¨zӼʾҲϳЩ

�Ӹ˿ǭɟªɛqҫw} NMDA Ʃȝİ� A2a Ʃȝİ�͗ɼƏn£� CB1 Ʃȝİ�ÿ͗ɼƏpzɳӠїƉ�ɲ

ԡ�j¦w�pūo��^Ģý�ϸ̑o¤zûӎ�πϷĪӘ΄Ҧ�£¦ήʾҲj¦k�ӼʾҲ�΅ΝΨ�ƬǪɼ

�ǳƏpǨӦùɳӠїƉ�ʑϔ�ӽĀ{�k¦w�ªξ{�^ 
ɇÑàƶƻɈ�

Yamashita M, Takayanagi Y, Yoshida M, Nishimori K, Kusama M, Onaka T (2013) Involvement of 

prolactin-releasing peptide in the activation of oxytocin neurones in response to food intake. J 

Neuroendocrinol, 25, 5, 455-465. 

´·ÁÐÁõ�οĩΨ�ľԤªĻӐ{zÿȒ¡ˇԯїƉªʡm¦œqpj¥z��ҥ͗�ĲΓ�πϷǓҲ�Ƶȕ

�Ӫѣ�j¦^̃ιϐ�zˇԯ�£¥͗ɼƏy§¦ßóï¹ËõˑŪâßËÑ (PrRP) Óìúóõp´·ÁÐÁ

õÓìúóõ�͗ɼƏ�ӽ©¦oª̤ѻ{�^�~ѬźȐΨιϐ�£¥zѦɑþӢ�´·ÁÐÁõÓìúóõ�

PrRP òÅßÉúpΥ΍{�k¦w�ª˪¤o�{z�w�� PrRP �ʢĀ�£¥´·ÁÐÁõ�ˑŪpԸ�¦

w�ª˪¤o�{�^y¤� PrRP ̲˅æ°Ã��ˇԯ�£¦´·ÁÐÁõÓìúóõ�͗ɼƏpӿțy§z´

·ÁÐÁõƩȝİ̲˅æ°Ã�� PrRP ̲˅æ°Ã�Ƶ̪�ûǓ�ˇԯӬ�ǭƁ}¦w�ª˪¤o�{�^w�

ϸ̑�zPrRP–´·ÁÐÁõ�ϷҲpzk�ԯ԰ª¡�¦o�klʄɺ͊ȕ�ӽ©��k¦w�ªξǆ{�k¦  ̂
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�

ɄȼƶƻňųuÑǦuƝƌȹ«sǼŝƼ¥ǭ9�¤��¤z9ÑȢƭǦƼȺȹɁ�¤zƺīȺ�

΍ǝȖˠ{�k¦˞ȐљԢǥιϐՁŞƋιϐƹ�Ղ�ιϐҊԦªŖ�Υћ{�ιϐʑ̑ՁĆ�ҏ˛z˸ϨzãúèâúÂzĆŐ

ÁõåÂ°èϛ�Ά͎Ղ��k�ŠİΨ�ѴӅ{�s�yk^ҏ˛�ǩƳzѰΘιϐùŞƋιϐ̀�Ԡ�ѴҼ{zιϐĠћО��

ĒӪþЇzιϐūʧО��ûӪþЇzӎˆιϐО��ͺЇ�þЇªĞ{zQ]CCSaA]?RW?U�OcbV]C���Ɂ�ՃƚªĞ{�s�yk^

��zûйƷu�­°ÐðúË͗Ɖªї��ǩƳ���Ţȝ��k��ѴӅ{�s�yk^�

-���ǣßTńŀƊďuǰƿƣǼ�

-�����ĝƦÎĭɆ°Ɣ£ØŞ£ńŀƊďuǼƣTǰƿ�

Փҏ˛Օ  
*Kaneko M, Mitra A (2011) Discrimination in festival games with limited observability and accessibility. 

Mathematical Social Sciences, 62, 1, 34-45.  
*Shikishima C, Yamagata S, Hiraishi K, Sugimoto Y, Murayama K, Ando J (2011) A simple 

syllogism-solving test: Empirical findings and implications for g research. Intelligence, 39, 2, 89-99.  
*Yamada T (2011) Austin and the logical dynamics of illocutionary acts''.  
*˚ȻƔԻ, ɋθΙ, ȵɢĬĒ, Ȓёȥɖ (2011) şʅɼɢʑѣǔ�̤ѱ : ӟĪ-ΐǬĖēĲΓêÏñªΓk�. 

οĩɱΏȐιϐ, 26, 3, 188-201. (ϙ 13 Ǔˤ̃οĩɱΏȐĩȂƅҏ˛ңƩң) 
*Mineshima K, Okada M, Takemura R (2012) A diagrammatic inference system with Euler circles. Journal 

of Logic, Language and Information, 21, 3, 365-391.  
Yu CC, Furukawa M, Kobayashi K, *Shikishima C, Cha PC, Sese J, Sugawara H, Iwamoto K, Kato T, Ando 

J, Toda T (2012) Genome-wide DNA methylation and gene expression analyses of monozygotic twins 
discordant for intelligence levels. PLoS One, 7, 10, e47081.  

*Kaneko M, Kline JJ (2013) Partial memories, inductively derived views, and their interactions with 
behavior. Economic Theory, 53, 27-59.  

*Shimojima A, Katagiri Y (2013) An eyektracking study of exploitations of spatial constraints in 
diagrammatic reasoning. Cognitive Science, 37, 2, 211-254.  

ՓȐĩΥћՕ  
Mineshima K, Sato Y, Takemura R, Okada M (2012) On the cognitive efficacy of Euler diagrams in 

syllogistic reasoning: A relational perspective. Proceedings of the 3rd international workshop on Euler 
diagrams (Euler diagrams 2012), CEUR Workshop Proceedings, 854, 17-31.  

-���	�µ²`m_Ɇ��¯ÏuǯǸčǐjëǖtgg�����¤£����¤{učǐƄſ�

Փҏ˛Օ  
*Kantartzis K, Imai M, Kita S (2011) Japanese sound symbolism facilitates word learning in English 

speaking children. Cognitive Science, 35, 575-586.  
*Nakamura T, Sugiura K, Nagai T, Iwahashi N, Toda T, Okada H, Omori T (2011) Learning novel objects for 

extended mobile manipulation. Journal of Intelligent and Robotic Systems, 66, 1-2, 18. (reviewed) 
*Saalbach H, Imai M, Shalk L (2012) Grammatical gender and inferences about biological properties in 

German-speaking children. Cognitive Science, 36, 1251–1267.  
ՓȐĩΥћՕ  
Imai M, Asano M, Miyazaki M, Okada H, Yeung H, Kitajo K, Thierry G, Kita S (2012) Sound symbolism 

helps infants’ word learning. the 9th International Conference on the Evolution of Language 
(EVOLANG). Kyoto, Japan. (oral) 

Kitajo K, Asano M, Thierry G, Kita S, Okada H, Imai M (2012) Large-scale phase synchrony of brain activity 
in preverbal infants detecting sound symbolism. the 19th Annual Cognitive Neuroscience Society (CNS) 
Meeting. Chicago, USA. (Poster) 

Miyazaki M, Imai M, Kita S, Yeung H, Okada H (2012) Sound symbolism scaffolds word-objects mapping in 
14-month-olds. 2012 International Conference on Infant Studies (ICIS). Minneapolis, USA. (poster) 

ĚĔ��� (2012) Ԝҗɰ�ɱ�Э�éµÓÄè. ˤ̃Ѯ҅τȐĩ. ƶƫȱ. (ʪɧҒͱ) 
Փ˸ϨՕ  
ĚĔ��� (2013) w���ΥӘ�ҐªѬs. Ϝˉ˸ʖ, ̋ė.  
̌Ĕ˲Ȍ (2013) Ȍ���l�� ǷĘ�ΩФnw���´êÎ�°ïp©o¦��. ȷ͑˸ɓ, ̋ė.  
-���
�ŬĜĘɆ°ƔTńŀƊďujauƄżčǐƣǼuſǁTiuƸǆ÷ȈpuĐƢ�

Փҏ˛Օ  
Kurihara N, *Sugiyama M (2012) Improving importance estimation in pool-based batch active learning for 

approximate linear regression. Neural Networks, 36, 73-82. (reviewed) 
Sugimoto N, *Morimoto J, Hyon SH, Kawato M (2012) The eMOSAIC model for humanoid robot control. 
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Neural Networks, 29-30, 8-19. (reviewed) 
Jitkrittum W, Hachiya H, *Sugiyama M (2013) Feature selection via L1-penalized squared-loss mutual 

information. IEICE Transactions on Information and Systems, E95-D, 7. (reviewed) 
Nakajima S, *Sugiyama M, Babacan D, Tomioka R (2013) Global analytic solution of fully-observed 

variational bayesian matrix factorization. Journal of Machine Learning Research, 14, Jan., 1-37. 
(reviewed) 

Xie N, Hachiya H, *Sugiyama M (2013) Artist agent: A reinforcement learning approach to automatic stroke 
generation in oriental ink painting. IEICE Transactions on Information and Systems, E95-D, 5, 
1134-1144. (reviewed) 

Zhao T, Hachiya H, Tangkaratt V, Morimoto J, *Sugiyama M (2013) Efficient sample reuse in policy 
gradients with parameter-based exploration. Neural Computation, 25, 6, 1512-1547. (reviewed) 

ՓȐĩΥћՕ  
Takeuchi I, Sugiyama M (2011) Target neighbor consistent feature weighting for nearest neighbor 

classification. Neural Information Processing Systems, 576-584. Granada, Spain. (poster) 
Zhao T, Hachiya H, Niu G, Sugiyama M (2011) Analysis and improvement of policy gradient estimation. 

Neural Information Processing Systems, 262-270. Granada, Spain. (poster) 
-���(�ŵƦťĨɆĐĪǚpuȇȂńŀƊďȕƺ�

Փ΅ѷՕ  
кҖ͛ĉ, Ą̇ɤȔ, ̗Δ˲ɐ (2012) Ɖİ�Ջ̳ŖӔƉͩȕѝЗƣ�ͩȕ˟͏. ΅Ԫ 2012-203488 14/9/2012.  
Փҏ˛Օ  
̗Δ˲ɐ, кҖ͛ĉ, Ą̇ɤȔ, Ƿ̐Ɣȩ (2012) Kinect�Ýðú�ï¯Þïð�£¦ñõØ�Ŵɬ� 2D¼úè

�џĲ. ¯õÉúÝ±úÃ, 2012 Ɍ 1 ˻ư, 5. 
кҖ͛ĉ, Ą̇ɤȔ, ̗Δ˲ɐ (2012) ҩǵЇÙÉúõʢȧɚ͢ɔÅõ¿�řȐϭҋ˘. ˬŔʁǨ Industrial, 

2012 Ɍ 12 ˻ư, 7.  
̗Δ˲ɐ (in press) Ҩҟʄɺ͊ȕӖϊ�ͩ¦Ə nÓìúó²½Öç¹Ão¤Óìúóæú»Î®õº�n. Ԗ

ȌʁǨȐĩӋľȐĩ҂. 
ՓȐĩΥћՕ  
Funaya H, Shibata T, Wada Y, Yamanaka T (2013) Accuracy assessment of kinect body tracker in instant 

posturography for balance disorders. 2013 7th International Symposium on Medical Information and 
Communication Technology (ISMICT), 214-218.  

Ą̇ɤȔ, кҖ͛ĉ, ̗Δ˲ɐ (2013) ҩǵЇ͢ɔÅõ¿ªΓk�æ°Ã�г;�̹їѬ̎ÁÃÎè�ӻΥ. ϙ
60 Ǔˤ̃ȖԵƉ΄ȐĩЄĩ, 121.  

Ñàƶƻ -���ğŰÅŢ,ȬăuſȑƮǦǿtþnbħÏuæǸƟķȕƺuſňǼƮy���¤y�¢�

Փҏ˛Օ  
Shimizu S, Suzuki M, *Minematsu N, Hirose K (2012) An experimental study on dynamic features of speech 

structure. Journal of Signal Processing, 16, 4, 319-322. (ȐΑҏ˛ңƩң) 
ՓȐĩΥћՕ  
Suzuki M, Kurata G, Nishimura M, Minematsu N (2012) Discriminative reranking for lvcsr leveraging 

invariant structure. Interspeech 2012. Portland, Oregon, USA, Sep. 2012.  
ӯ̀Ԑĉ, łΔȸĘ, Ѣ̇ԐƮ, ȹ̌ľ˪, ɐͶǊƴ (2012) ԜǱ�̩ӍΨћҗªΓk�Ƿ҅ɡԜǱ҃Ҕ�Ҕű

Ψðïõ·õº. ˤ̃ԜԝȐĩσȏҒͱ, 63-66. Nagano, Japan, Sep. 2012. (ϫȱͲȐљȂƅң) 
Ñàƶƻ -���ĠƦŚĂ,řƾǣßtBcgńŀƊďl�pt�uëǫâtȤggƶƻ�

Փҏ˛Օ  
*Atsushi S, Vincent C, Hajime N, Rin-ichiro T (2013) Geolocation based landmark detection and annotation 

-towards clickable real world-. IEEJ Transactions on Electronics, Information and Systems, 133, 1, 
142-149. (reviewed) 

ՓȐĩΥћՕ  
ΔĠ͛ɋ, ȻΔ˖ǯ, Ӹƞû, Җƪňûӡ (2012) ĮЗʁǨΘŔªŲΓ{�ѪřÃåÌÐӼ�ðõ¹Ѭ̎. Ԗ“

ӽĺȐĩČȿˎӢӎƳǷĩ, 09-02P-14. ӸȼɅ.  
Ñàƶƻ -��� Ƶƒ­Ƥ,ǩȪŁuƪsgĆśuńŀƊďŉƩaƑúggƝƌpuv¤�ŉƩuȓâ�

Փҏ˛Օ  
*Fazzolari M, Alcala R, Nojima Y, Ishibuchi H, Herrera F (2013) A review of the application of multiobjective 

evolutionary fuzzy systems: Current status and further directions. IEEE Transactions on Fuzzy 
Systems, 21, 1, 45-65.  

*Ishibuchi H, Mihara S, Nojima Y (2013) Parallel distributed hybrid fuzzy GBML models with rule set 
migration and training data rotation. IEEE Transactions on Fuzzy Systems, 21, 2, 355-368. 
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ՓȐĩΥћՕ  
Ishibuchi H, Hoshino K, Nojima Y (2012) Evolution of strategies in a spatial IPD game with a number of 

different representation schemes. 2012 IEEE Congress on Evolutionary Computation (CEC). Brisbane 
Convention Centre, Brisbane, Australia. (June, 10-15, 2012) 

Ñàƶƻ -���ŻƦǒɆ°ƔTńŀƊďté]gǙĵƸǆƏßuĴÝɆǷƴƸǆƹčTĻȉäčuǢï�

Փҏ˛Օ  
Takahata K, *Takahashi H, Maeda T, Umeda S, Suhara T, Mimura M, Kato M (2012) It's not my fault: 

Postdictive modulation of intentional binding by monetary gains and losses. PLoS One, 7, 12, e53421.  
*Terasawa Y, Fukushima H, Umeda S (2013) How does interoceptive awareness interact with the subjective 

experience of emotion? An fMRI study. Hum Brain Mapp, 34, 3, 598-612.  
*Terasawa Y, Shibata M, Moriguchi Y, Umeda S (2013) Anterior insular cortex mediates bodily sensibility 

and social anxiety. Soc Cogn Affect Neurosci, 8, 3, 259-266.  
Ñàƶƻ -���ÓȜǝƋ,����¤{°ƔƝņ�m¤���tjǅ_ȌkkĮâčǐ�

Փҏ˛Օ  
*Kinjo K, Uchibe E, Doya K (2013) Evaluation of linearly solvable markov decision process with dynamic 

model learning in a mobile robot navigation task. Frontiers in Neurorobotics, 7. (reviewed) 
 
-�	�ńŀƊďuƸǆ÷ȈƄſ�

-�	���û¦ȩȖɆ����¤{ƮńŀƊďjëǖtggƸǆ÷Ȉ�

Փҏ˛Օ  
Takemura H, Samejima K, Vogels R, Sakagami M, *Okuda J (2011) Stimulus-dependent adjustment of 

reward prediction error in the midbrain. PLoS One, 6, 12, e28337. (reviewed) 
Pan X, *Sakagami M (2012) Category representation and generalization in the prefrontal cortex. Eur J 

Neurosci, 35, 7, 1083-1091. (reviewed) 
Yotsumoto Y, Seitz AR, Shimojo S, Sakagami M, Watanabe T, *Sasaki Y (2012) Performance dip in motor 

response induced by task-irrelevant weaker coherent visual motion signals. Cereb Cortex, 22, 8, 
1887-1893. (reviewed) 

Փ˸ϨՕ 
Yamamoto M, Pan X, Nomoto K, Sakagami M (2011) Multiple neural circuits in value-based 

decision-making. Attention and Performance, XXII.  
ՓȐĩΥћՕ 
Sakagami M, Fan H, Pan X (2012) Reward inference by primate prefrontal and strial neurons. Carmona, 

Sevilla, Spain, Sep. 3-6,2012. (oral  Dynamic Brain Forum 2012) 
ǟýԐӗ (2012) Đͩ�žӍՅêÏñáúÃΨʄɺ͊ȕßóÅÃ�ǧνՅ. ϙ76Ǔˤ̃ɱΏȐĩǷĩ, ȦĿǷȐ, 

ȾȼɅ, 2012.9.11-13. 
Sakagami M (2012) Reward inference by primate prefrontal and striatal neurons, Annual Conference on 

Neuroeconomics: Decision Making and the Brain, Ritz-Carlton Key Biscayne,Frolida, Miami,2012.9.29. 
-�	�	�ȠǽȅƋɆ°ƔTńŀƊďuƸǆ÷Ȉ�n��t{uǮŢ�

Փҏ˛Օ  
Funamizu A, Ito M, Doya K, Kanzaki R, *Takahashi H (2012) Uncertainty in action-value estimation affects 

both action choice and learning rate of the choice behaviors of rats (English). European Journal of 
Neuroscience, 35, 1180-1189.  

*Miyazaki K, Miyazaki KW, Doya K (2012) The Role of Serotonin in the Regulation of Patience and 
Impulsivity. Molecular Neurobiology, 45, 213-224. 

*Miyazaki KW, Miyazaki K, *Doya K (2012) Activation of Dorsal Raphe Serotonin Neurons Is Necessary for 
Waiting for Delayed Rewards (English). The Journal of Neuroscience, 32, 10451-10457.  

Sugimoto N, Haruno M, Doya K, Kawato M (2012) MOSAIC for Multiple-Reward Environments. Neural 
Comput., 24, 29. (reviewed) 

ՓȐĩΥћՕ  
Doya K (2012) êÏñÝðú�êÏñáúÃ�ɟƏȐМ. ϙ 76 Ǔˤ̃ɱΏȐĩǷĩ, ȦĿǷȐ, ȾȼɅ, 

2012.9.11-13. 
Doya K (2012) Multiple strategies for decision making. SBDM 2012: Second Symposium on Biology of 

Decision Making. Paris, France, 2012.5.10. (Invited lecture) 
Funamizu A, Kuhn B, Doya K (2013) Investigation of neuronal activity in secondary motor cortex by 

two-photon microscopy. Э�ɱ�éµÓÄèϙ 13 Ǔŧ�ôú¹ÁîÌß. ñÃÍ, 2013.01.09-11. (Poster) 
-�	�
�ĝū´ɆńŀƊďƸǆ÷ȈuëǫâTŖÀ�

Փҏ˛Օ  
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Aizawa H, Kobayashi M, Tanaka S, Fukai T, *Okamoto H (2012) Molecular characterization of the 
subnuclei in rat habenula. J Comp Neurol, 520, 18, 4051-4066. (reviewed) 

*Okamoto H, Agetsuma M, Aizawa H (2012) Genetic dissection of the zebrafish habenula, a possible 
switching board for selection of behavioral strategy to cope with fear and anxiety. Dev Neurobiol, 72, 3, 
386-394. (reviewed) 

Aizawa H, Yanagihara S, Kobayashi M, Niisato K, Takekawa T, Harukuni R, McHugh TJ, Fukai T, Isomura 
Y, *Okamoto H (2013) The synchronous activity of lateral habenular neurons is essential for regulating 
hippocampal theta oscillation. J Neurosci, 33, 20, 8909-8921. (reviewed) 

Aoki T, Kinoshita M, Aoki R, Agetsuma M, Aizawa H, Yamazaki M, Takahoko M, Amo R, Arata A, 
Higashijima SI, Tsuboi T, *Okamoto H (2013) Imaging of neural ensemble for the retrieval of a learned 
behavioral program. Neuron. (reviewed) 

*Okamoto H, Aizawa H (2013) Fear and anxiety regulation by conserved affective circuits. Neuron, 78, 3, 
411-413. (reviewed) 

ՓȐĩΥћՕ  
Okamoto H (2011) Habenula as the multimodal switching board for controlling behaviours. 8th 

International Congress of Comparative Physiology and Biochemistry (ICCPB2011). Nagoya, Japan. 
(Invited Lecture) 

Okamoto H (2013) Habenula as a gate switch of emotion. Francis Crick symposium on Neuroscience : The 
changing brain. Suzhou, China. (Invited lecture) 

Ñàƶƻ -�	�ćŭÌ,q��zp��mt{tdgƆ©ǋǊŷ} ��¢ƸǆTǥßŁuȤÃuǮŢ�

Փҏ˛Օ  
*Ohmura Y, Kumamoto H, Tsutsui-Kimura I, Minami M, Izumi T, Yoshida T, Yoshioka M (2013) 

Tandospirone suppresses impulsive action by possible blockade of the 5-HT1A receptor. J Pharmacol Sci. 
(Reviewed) 

Tsutsui-Kimura I, *Ohmura Y, Izumi T, Kumamoto H, Yamaguchi T, Yoshida T, Yoshioka M (2013) 
Milnacipran enhances the control of impulsive action by activating D1-like receptors in the infralimbic 
cortex. Psychopharmacology (Berl), 225, 2, 495-504.  

ՓȐĩΥћՕ  
Ohmura Y (2013) Optogenetic control of serotonergic neurons and anxiety-related behavior. The 90th 

Annual Meeting of the Physiological Society of Japan. Tokyo, Japan. (Oral (symposium)) 
ՓћɤùƩңՕ  
Ƿ̇ŕ, ΔĄґĒ, ȵĄϕɜ, ƴȶŗɜ (2013) řӟĪȐ�£¦ÅóÐÓõπϷ͗Ɖ�ˌĲ�ÿȒӽӎїƉ. 

Fukuoka, Japan, Mar. 21-22, 2013. (ϙ 86 Ǔˤ̃ѐΏȐĩ� ɌĩŕρΥћң ϙ 86 Ǔˤ̃ѐΏȐĩ) 
Ñàƶƻ -�	�ęĢĎ³ɆšǡuÚƖŠñ°ƔtþnbȔßńŀƊďtȤ¨ggƸǆ÷ȈƄſuǮŢ�

ՓȐĩΥћՕ  
Ogawa H, Oe M (2012) Distinct role of identified giant interneurons in directional control of wind-evoked 

walking behavior in the cricket. 42th Annual Meeting of Society for Neuroscience, Program No. 501.06. 
New Orleans, USA. (poster) 

ȫȾȔĘ(2012) ΎɢÐòÌÑçñÁÃÎèªΓk�ŵʹ˟ƷķȎΨӔƉŴɬ̰̩�Ѭ̎. ѰͩгƉŴɬȐĩÁ

ÃÎèùʁǨӢӹȐљҒͱĩ, 112. ƶƫȱ. (invited lecture) 
Ñàƶƻ -�	�Ʀ©ƳƁɆ�n�¢u°ƔTńŀƊďtȤigƯȆ§ÅíuǮű�

Փҏ˛Օ  
Kunimatsu J, *Tanaka M (2012) Alteration of the timing of self-initiated but not reactive saccades by 

electrical stimulation in the supplementary eye field. Eur J Neurosci, 36, 9, 3258-3268.  
Matsushima A, *Tanaka M (2012) Neuronal correlates of multiple top-down signals during covert tracking 

of moving objects in macaque prefrontal cortex. J Cogn Neurosci, 24, 10, 2043-2056.  
Matsushima A, *Tanaka M (2013) Retrospective and prospective information coding by different neurons in 

the prefrontal cortex. Neuroreport, 24, 2, 73-78.  
Matsushima A, *Tanaka M (2013) Manipulation of object choice by electrical microstimulation in macaque 

frontal eye fields. Cereb Cortex.  
ՓȐĩΥћՕ  
Tanaka M (2012) Multiple components of prefrontal signals for covert tracking of moving object. The 3rd 

International Symposium on Prefrontal Cortex — Searching for Mechanism of Mind. Kyoto, Japan, Nov. 
29-30, 2012.  

Ñàƶƻ -�	� ƽ²È¥țɆŴȊsǣßȘōjëǖtggƸǆƄſuǮŢ� �

Փҏ˛Օ  
Ishii H, Ohara S, Tobler PN, Tsutsui K-I, *Iijima T (2012) Inactivating anterior insular cortex reduces risk 
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taking. Journal of Neuroscience, 32, 45, 16031-16039.  
*Seya Y, Tsutsui K-I, Watanabe K, Kimura K (2012) Attentional capture without awareness in complex 

visual tasks. Perception, 41, 5, 517-531.  
Oyama K, Sato S, Karube F, Fujiyama F, Isomura Y, Iijima T, *Tsutsui K (2013) Long-lasting single-neuron 

labeling by in vivo electroporation without microscopic guidance. Journal of Neurosciecne Methods, in 
press.  

Ñàƶƻ -�	�ĞġĨǝ,�ńŀƊďtȤigƸǆ÷Ȉuw�t�¤�ƮǮű�

Փҏ˛Օ  
Shin E, Kashiwagi Y, Kuriu T, Iwasaki H, Tanaka T, Koizumi H, Gleeson JG, *Okabe S (2013) 

Doublecortin-like kinase enhances dendritic remodelling and negatively regulates synapse maturation. 
Nat Commun, 4, 1440.  

ՓȐĩΥћՕ  
ȷȼɐс, ȶӢВΗ (2012) ½Õ¹Ðç¹Ã����ԖȌԩɮӶ͏�řȐԩɮӶ͏�іƳ�£¦ԸѬŔɔ¯éú

Âõº. ˤ̃ԩɮӶȐĩϙՎՐǓȐљҒͱĩ. �s�ǚԌĩҕǩՁтǤΰ�s�ɅՂ. (invited lecture) 
Ñàƶƻ -�	�Ʀ©ŦŢɆöǬǃj���tfjǣßȘōţuŅǬŃÿÔƣƄſuƶƻ�

Փҏ˛Օ  
Tanaka NK, Endo K, *Ito K. (2012) Organization of antennal lobe-associated neurons in adult Drosophila 

melanogaster brain. J Comp Neurol, 520, 18, 4067-4130. (reviewed) 
Tanaka NK, Suzuki E, Dye L, Ejima A, *Stopfer M. (2012) Dye fills reveal additional olfactory tracts in the 

protocerebrum of wild-type Drosophila. J Comp Neurol, 520, 18, 4131-4140. (reviewed) 
ՓȐĩΥћՕ  
Tanaka NK, Ejima A. (2013) Pheromone processing pathways in Drosophila. Asia Pacific Drosophila 

Research Conference. Seoul, Korea. (oral) 
Ñàƶƻ -�	�ǠĜŝ¬Ɇÿȝ°Ɣjmbg���¡¤tuǮŢ� �

Փҏ˛Օ  
Ohno S, Kuramoto E, Furuta T, Hioki H, Tanaka YR, Fujiyama F, Sonomura T, Uemura M, Sugiyama K, 

*Kaneko T (2012) A morphological analysis of thalamocortical axon fibers of rat posterior thalamic 
nuclei: A single neuron tracing study with viral vectors. Cereb Cortex, 22, 12, 2840-2857.  

Hioki H, Okamoto S, Konno M, Kameda H, Sohn J, Kuramoto E, Fujiyama F, *Kaneko T (2013) Cell 
type-specific inhibitory inputs to dendritic and somatic compartments of parvalbumin-expressing 
neocortical interneuron. J Neurosci, 33, 2, 544-555.  

Koshimizu Y, Fujiyama F, Nakamura KC, Furuta T, *Kaneko T (2013) Quantitative analysis of axon bouton 
distribution of subthalamic nucleus neurons in the rat by single neuron visualization with a viral vector. 
Journal of Comparative Neurology, 521, 9, 2125-2146.  

*ёȵ˛ć (2013) ǨӦĐͩª�s¦ÕÌÐôú¹�Ѭ˪. Αİ�τȐ, 64, 4.  
Ñàƶƻ -�	� ęŲĬɆ©ǗƸǆ÷Ȉ�n��t{tdgǣß°ƔİňƄſ� �

Փҏ˛Օ  
Okada K, *Kobayashi Y (2013) Reward prediction-related increases and decreases in tonic neuronal activity 

of the pedunculopontine tegmental nucleus. Front Integr Neurosci, 7, 36.  
*Watanabe M, Matsuo Y, Zha L, Munoz DP, Kobayashi Y (2013) Fixational saccades reflect volitional action 

preparation. J Neurophysiol.  
*ȫ̐ɖ, ȶΔιû (2013) ĄЭ�nu¦ǨӦĐͩ҆ɂѰϡ̰̩. Αİ�τȐ. 
ՓȐĩΥћՕ  
Kobayashi Y (2012), Neuronal recording from cholinergic nucleus in the brainstem of awake monkeys in 

relation to arousal, motivation, motor control, visual information processing and reinforcement learning, 
Bio-X 2012 International Symposium on Molecular Cognition and Translational Research of 
Neuropsychiatric Disorders, April 28-30, 2012 in Shanghai Jiao Tong University, China (Invited lecture) 

Ñàƶƻ -�	� ęŲó³ɆÛȱÛȟƯȆSǊŮ¾j¶ggǣßŴȊŁuÙĸƄſ�

Փҏ˛Օ  
Fukabori R, Nishizawa, K., Okada, K., Kai, N., Kobayashi, K., Uchigashima, M., Watanabe, M., Tsutsui, Y., 

and *Kobayashi, K. (2012) Striatal direct pathway modulates response time in execution of visual 
discrimination. Eur. J. Neurosci., 35, 5, 784-797.  

Kinoshita M, Matsui, R., Kato, S., Hasegawa, T., Kasahara, H., Isa, K., Watakabe, A., Yamamori, T., 
Nishimura, Y., Alstermark, B., Watanabe, D., Kobayashi, K., and *Isa, T. (2012) Genetic dissection of 
the circuit for hand dexterity in primates. Nature, 487, 7406, 235-238.  

Nishizawa K, Fukabori, R., Okada, K., Kai, N., Uchigashima, M., Watanabe, M., Shiota, A., Ueda, S., 
Tsutsui, Y., and *Kobayashi, K. (2012) Striatal indirect pathway contributes to selection accuracy of 
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learned motor actions. J. Neurosci., 32, 39, 13421-13432.  
Sano H, Chiken, S., Hikida, T., Kobayashi, K., and *Nambu, A. (2013) Signals through the striatopallidal 

indirect pathway stop movements by phasic excitation in the substantia nigra. J. Neurosci., 33, 17, 
7583-7594.  

ՓȐĩΥћՕ  
Kobayashi K (2013) Behavioral roles of thalamostriatal pathway in sensory discrimination learning. 

Dopamine 2013. Alghero, Italy.  
Փ˸ϨՕ  
Kobayashi K, Okada, K., and Kai, N. (2013) Functional circuitry analysis in rodents using 

neurotoxins/immunotoxins. Humana Press Inc., New York.  
Ñàƶƻ -�	�ƇǠĲɆ~���m�y�Őȶǣßj���TfjǫǬǷƴTńŀƊďuƸǆ�r�|�uǮű�

Փҏ˛Օ  
*Muto A, *Kawakami K (2013) Prey capture in zebrafish larvae serves as a model to study cognitive 

functions. Frontiers in neural Circuits, 7, 110.  
Muto A, Ohkura M, Abe G, *Nakai J, *Kawakami K (2013) Real-time visualization of neuronal activity 

during perception. Curr Biol, 23, 4, 307-311.  
Ñàƶƻ -�	� ©çǨ®ɆńŀƊďujauÂÇuƤňTǇïuǗƄǖɆśƣ���œźTĐǴŽǴ�

Փҏ˛Օ  
*Nakahara H, Hikosaka O (2012) Learning to represent reward structure: A key to adapting to complex 

environments. Neurosci Res, 74, 3-4, 177-183.  
*Nakamura K, Santos GS, Matsuzaki R, Nakahara H (2012) Differential reward coding in the subdivisions 

of the primate caudate during an oculomotor task. J Neurosci, 32, 45, 15963-15982.  
Suzuki S, Harasawa N, Ueno K, Gardner JL, Ichinohe N, Haruno M, Cheng K, *Nakahara H (2012) 

Learning to simulate others' decisions. Neuron, 74, 6, 12. (reviewed) 
ՓȐĩΥћՕ  
Kaveri S, Koene A, Laquitaine S, Nakahara H (2012) Sign-tracking and goal-tracking by a reinforcement 

learning model. The 42nd Annual Meeting of the Society for Neuroscience New Orleans, LA, USA, 
October 13-17, 2012.  

Ñàƶƻ -�	� ĕÛȯ®¶,ƷƠǗÓy���¤�TfoućǗƯȆǙƭƭƗƏßTčǐuǮŢ�

Փҏ˛Օ  
Hiratani N, Teramae JN, *Fukai T (2012) Associative memory model with long-tail-distributed Hebbian 

synaptic connections. Front Comput Neurosci, 6, 102. (Reviewed) 
*Teramae JN, Tsubo Y, Fukai T (2012) Optimal spike-based communication in excitable networks with 

strong-sparse and weak-dense links. Sci Rep, 2, 485. (Reviewed) 
Ñàƶƻ -�	� ęŭǾɆńŀƊďtBcgXȏ]YuŽƴ£Ùĸ�r�|�� �

Փҏ˛Օ  
*Komura Y, Nikkuni A, Hirashima N, Uetake T, Miyamoto A (2013) Responses of pulvinar neurons reflect a 

subject's confidence in visual categorization. Nat Neurosci, 16, 6, 749-755. (News & Views ˀҼ) 
ՓȐĩΥћՕ  
Komura Y, Nikkuni A, Hirashima N (2012) Neural correlates and causes of perceptual confidence in the 

primate pulvinar. Neuroscience 2012. New Orleans, USA, Oct. 13-17, 2012. (Invited lecture) 
 
-�
�ńŀƊďjÙĸggÖċ£ș½ċ�

-�
���ȸƂǝıɆǂƸ£ƸǆƬłtBcgƚŇƮBdwƲŅƮńŀƊďȨđuǗÓþưuǮŢ�

Փҏ˛Օ  
Kodaka F, *Takahashi H, Yamada M, Takano H, Nakayama K, Ito H, Suhara T (2012) Effect of cooperation 

level of group on punishment for non-cooperators: A functional magnetic resonance imaging study. PLoS 
One, 7, 7, e41338.  

*Takahashi H (2012) Monoamines and assessment of risks. Curr Opin Neurobiol, 22, 6, 1062-1067.  
*Takahashi H, Takano H, Camerer CF, Ideno T, Okubo S, Matsui H, Tamari Y, Takemura K, Arakawa R, 

Kodaka F, Yamada M, Eguchi Y, Murai T, Okubo Y, Kato M, Ito H, Suhara T (2012) Honesty mediates 
the relationship between serotonin and reaction to unfairness. Proc Natl Acad Sci U S A, 109, 11, 
4281-4284.  

Yamada M, Camerer CF, Fujie S, Kato M, Matsuda T, Takano H, Ito H, Suhara T, *Takahashi H (2012) 
Neural circuits in the brain that are activated when mitigating criminal sentences. Nat Commun, 3, 
759.  

*Takahashi H (2013) Molecular neuroimaging of emotional decision-making. Neurosci Res, 75, 4, 269-274.  
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*Yamada M, Uddin LQ, Takahashi H, Kimura Y, Takahata K, Kousa R, Ikoma Y, Eguchi Y, Takano H, Ito 
H, Higuchi M, Suhara T (2013) Superiority illusion arises from resting-state brain networks modulated 
by dopamine. Proc Natl Acad Sci U S A, 110, 11, 4363-4367. 

ՓћɤùƩңՕ  
Ը̮сɣ (2013) ʁƉΨʄɺ͊ȕ�πϷ̰̩�ӽ}¦ȐԌΨιϐ. Tokyo. (ϙ 9 Ǔˤ̃Ȑљʳжĩң) 
-�
�	�Ūŭ� ēɆ°ƔTńŀƊďućǗþĩŷTŋŹ¾uƸǆ÷Ȉþư�

Փҏ˛Օ  
Enomoto K, Matsumoto N, Nakai S, Satoh T, Sato TK, Ueda Y, Inokawa H, Haruno M, *Kimura M (2011) 

Dopamine neurons learn to encode the long-term value of multiple future rewards. Proc Natl Acad Sci 
USA, 108, 37, 15462-15467. (reviewed) 

Smith Y, Surmeier D, Redgrave P, *Kimura M (2011) Thalamic contributions to basal ganglia-related 
behavioral switching and reinforcement. J Neurosci., 31, 45, 16102–16106. (reviewed) 

Yamada H, Inokawa H, Matsumoto N, Ueda Y, *Kimura M (2011) Neuronal basis for evaluating selected 
action in the primate striatum. Eur. J. Neurosci., 34, 3, 489-506. (reviewed) 

Yamada H, Inokawa H, Matsumoto N, Ueda Y, Enomoto K, *Kimura M (2013) Coding of the long-term value 
of multiple future rewards in the primate striatum. J Neurophysiol, 109, 4, 1140-1151. (reviewed) 

ՓȐĩΥћՕ  
Haruno M (2012) Docoding unconsciou social decision making. ISM workshop on physical measurement and 

Bayesian statistics. Tokyo, Japan, Jan. 26,2012. (invited talk) 
Փ˸ϨՕ  
Doya K, Kimura M (in press) The basal ganglia, reinforcement learning and the encoding of value in: 

Neuroeconomics: Decision-making and the brain. Academic Press.  
ՓћɤùƩңՕ  
Enomoto K, Matsumoto N, Nakai S, Satoh T, Sato TK, Ueda Y, Inokawa H, Haruno M, Kimura M (2011) 

Dopamine neurons learn to encode the long-term value of multiple future rewards. Proc Natl Acad Sci 
USA, 108, 37, 15462-15467. (reviewed)Ձɋʑ 24 Ɍˤ̃πϷǓҲȐĩҏ˛ңՂ 

-�
�
�ƫƦȁÄɆÿȝ£ĽȚuńľƊďuƄſǮű�

Փ΅ѷՕ  
ΟΔҞļ, ĄѢӪɶ (2012) ǷЭǧɒ̛πϷǓҲ�πϷĪӘªѬ̎}¦˟͏. OBI, Japan, Oct. 2012.  
Փҏ˛Օ  
Yawata S, Yamaguchi T, Danjo T, Hikida T, *Nakanishi S (2012) Pathway-specific control of reward 

learning and its flexibility via selective dopamine receptors in the nucleus accumbens. Proc Natl Acad 
Sci U S A, 109, 31, 12764-12769. (reviewed) 

*Hikida T, Yawata S, Yamaguchi T, Danjo T, Sasaoka T, Wang Y, *Nakanishi S (2013) Pathway-specific 
modulation of nucleus accumbens in reward and aversive behavior via selective transmitter receptors. 
Proc Natl Acad Sci U S A, 110, 1, 342-347. (reviewed) 

Yamaguchi T, Danjo T, Pastan I, Hikida T, *Nakanishi S (2013) Distinct roles of segregated transmission of 
the septo-habenular pathway in anxiety and fear. Neuron, 78, 3, 537-544. (reviewed) 

ՓȐĩΥћՕ  
Hikida T (2013) Dopaminergic regulation of basal ganglia circuit in learning behavior and drug addiction. 

11th World Congress of Biological Psychiatry. Kyoto, Japan, Jun. 2013. (invited lecture) 
ՓћɤùƩңՕ  
ΟΔҞļ (2011) ǷЭǧɒ̛πϷǓҲ�Ŵɬ̰̩. ˤ̃πϷτȐȐĩ, Yokohama, Japan, Sep. 2011. (ɋʑ 23 Ɍ

ɔ ˤ̃πϷτȐȐĩ Ȃƅң) 
ΟΔҞļ (2012) ʄɺ͊ȕ�ѐ΄ķȎ�nu¦ǷЭǧɒ̛πϷǓҲ̰̩. ˤ̃Α΄ȐΨϬπƒȐĩ, Kobe, 

Japan, Sep. 2012. (рʙιϐОЦʑßóºïèȂƅң) 
Ñàƶƻ -�
� ňūȍɆ} ��¢ƸǆǃuȨđjTbsAǂƸƬłtBcgńŀƊďƸǆþưuǮŢ� �

Փҏ˛Օ  
*Yamamoto H, Tsuchida H, Nakamae T, Nishida S, Sakai Y, Fujimori A, Narumoto J, Wada Y, Yoshida T, 

Taga C, Fukui K (2012) Relationship between severity of obsessive-compulsive symptoms and 
schizotypy in obsessive-compulsive disorder. Neuropsychiatr Dis Treat, 8, 579-583.  

*ӥĔ ԏ (2013) ÅóÐÓõπϷϭ�ԍțª���lϬπΡɿ�nu¦ʄɺ͊ȕπϷǧά. ˤ̃Α΄ȐΨϬπƒ

Ȑĩ҂, 24, 2, in press.  
Ñàƶƻ -�
� Ěºȗì,qsy�y¢tdgǣßȘōÆȷÀƥuǮŢ�

Փҏ˛Օ  
Yamashita M, Takayanagi Y, Yoshida M, Nishimori K, Kusama M, *Onaka T (2013) Involvement of 

prolactin-releasing peptide in the activation of oxytocin neurones in response to food intake. J 
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Neuroendocrinol, 25, 5, 455-465. (reviewed) 
Ñàƶƻ -�
� ƃðėɆ�n�{t£�n��¤¢9 ¤�{t£ ¤��¤¢jȘōggƸǆþưTǻǀøċ�

Փҏ˛Օ  
ՃTachibana Y, Hikosaka O (2012) The primate ventral pallidum encodes expected reward value and 

regulates motor action. Neuron, 76, 4, 826-837. (reviewed) 
Hasegawa Y, Tachibana Y, Sakagami J, Zhang M, Urade M,ՃOno T (2013) Flavor-enhanced modulation of 

cerebral blood flow during gum chewing. PLoS One. e66313. (reviewed) 
̯ƴȥ, ɣǟжρ (2013) аŌ͡ъΎ�ǨӦĐͩ. Αİ�τȐ, 64, 4.   
ՓћɤùƩңՕ  
̯ƴȥ (2013) ǷЭǧɒ̛�£¦ӔƉŴɬ̰̩�Ѭ˪. Tokyo, Japan. (ϙ 14Ǔˤ̃ΑΏȐĩȂƅң ϙ 90Ǔˤ̃

ΑΏȐĩǷĩ) 
ǉŏơ ���� ȠǽȅƋɆ°ƔTńŀƊďuǗÓǰƿƄſuƶƻŒȓ�

Փҏ˛҂΅ԑưՕ  
Doya K, Shadlen MN (2012) Decision making. Curr Opin Neurobiol, 22, 6, 911-913.  
ՓҒͱùËìúÐð­ñՕ  
Doya K (2012) 1. Reinforcement learning and the basal ganglia 2. Bayesian inference and model-based 

decision making. IBRO-UNESCO School on Computational and Theoretical Neuroscience. Hyderabad, 
India, 2012.12.5 - 21. (Lecture, Invited) 

Doya K (2012) 1. Motor control: Basal ganglia and motor control 2. Basal ganglia, serotonin, and reward 
expectation. Computational and Cognitive Neurobiology Summer School. Beijing, China, 2012.7.23. 
(Invited lectures) 

Doya K (2012) Reinforcement learning and the basal ganglia. CogSci2012: Neural Computations Supporting 
Cognition: Rumelhart Prize Symposium in Honor of Peter Dayan. Sapporo, 2012.8.2.  
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{�s�yk^ 
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Øú�їq̊����ˡҠªЄʭΌĐϡo¤¿åúÐ}¦^ 
ՊՆŞƋιϐ��ӪͺÎúæ�Ѷȕ�αĪ 
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ԵªϺƳ{�ιϐ 
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� w� 10 ˻�ӻŐ}¦ǚԌôú¹ÁîÌß��ªǿ̰�zԢǥ�ιϐО�āΙ�ŘϗΨ�ιϐО¤��ÕÌ

Ðôú¹ªɐvzɠԢǥpʿӐ}¦bêÏñáúÃʄɺ͊ȕcbЭŢÁçìòúÁîõc�ӽ}¦ιϐªāΙ

Ψ�͗ɼƏ}¦^��Ą�z̳�¦˞ȐљԢǥzj¦k�ĝ�ǚŢ���ǚԌΨ�̒϶���ιϐßóÂ±¹

Ð�{�w�ιϐªӐƏy�¦˟Ʒª̤ѱ}¦^ 
 
fĢþzԙŞӻӢūg 
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���� ǅǌĄŧƼućĤsǰƨĄŧa?gĀïvįǶǰƨȹƶƻ¸ǦǑuĄŧvƳtc`jķs]Āï

tȦgȺȹȾɌɁ�¤zƺīȺ=ȫÑȢ[TūƅtǱȋuǰƨƶƻtm]ov9Ðo 
 ĦīƱuĔŶuĖ

ǿTsf^gW�

ԢǥŢ�ѰΘιϐ�ιϐĠћО�Ė˹¡϶ЕİŴ�ǷɊ�ǳ˷pj¦ǩƳՁ˞{sѰΘιϐªӇƁ}¦ǩƳ¡ˣȎ�ѰΘιϐ

ªɗ̶}¦ǩƳzԢǥŝİ�ĖĞĐȕԧ�ϥǗŢ�ƲѰΘιϐ�ιϐϷҠªǳ˷}¦ǩƳՁѰΘιϐ�ĺ¦ϷҠªͧԧ{zŞƋ

ιϐ�ĺ¦ϷҠªǭԧ}¦ǩƳϛՂՂ��ɲ~ѴŜ{�s�yk^��ԌzĢþ�ͺªƹ��s�yk^�

ùѰΘιϐªӇƁ}¦ǩƳ�zӇƁ�ɲѣɼz��ѰΘιϐpԢǥŢ�̑�}ɦŽzĝ�ѰΘιϐ��ɥԝϛ 
ùѰΘιϐªɗ̶}¦ǩƳ�zɗ̶�ΏΕzɠҀѰΘιϐªɗ̶{��Ԣǥ�{�ˎԍp�kw��҇˪ϛ 
ùιϐĠћО�Ė˹�ǩƳ�zĖ˹�ɲѣɼz˞˥�ιϐ϶Е�Ν�¦ͺՁ϶Е̩ʑzԢǥŢ�̑�}ɦŽϛՂz˞��ιϐ

ĠћО��¨l�}¦Оpz˥ιϐĠћО�˹©��ιϐªȖˠ�q¦w��̜ʫzȇɠɼƣ���О�ιϐ̥Бϛ 
ùѰΘιϐ�ĺ¦ϷҠ�ŞƋιϐ�ĺ¦ϷҠ�ԧ�ǳ˷��k��z��ɲѣɼz1 Ǔέ�ŞƋιϐ�ɵƋùʼʤΆ͎ϛՁŞ

Ƌιϐ�ĺ¦ϷҠªͧԧ{�ѰΘιϐ�ĺ¦ϷҠªǭԧ}¦ǳ˷�α�¡�ªɫ�kǩƳ�Ԃ¦^��zŞƋιϐ�ѥ̭�

ĺ¦˺įǧͭªþǓ¤�kw� Ղ̂�

ùĢý�Ʋǳ˷�īlĝ�ѰΘιϐ�ιϐϷҠ�ǳ˷ƣ���ȇɠɼϛ 
Ҁɠ�{^ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



29 

 

ιϐԟέ A01-1 ιϐҊԦƶ 
ĐͩùŰ˝ùʄɺ͊ȕ�ҏΏ�Ѱϡ 
 

ιϐĠћОƶՁʗȳՂ ʊʏКǫǷȐù˛ȐӢù˔ʹùȶΔřɜ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 14,271 � � � � 0 5,757    4,009    2,465   2,040 

ɋʑ 24 Ɍɔ 
9,000 

(3,600) 
        0 

� � � 2,140 
       (100) 

   4,865 
   (2,200) 

     661 
   (1,300) 

  1,334 
(0) 

ɋʑ 25 Ɍɔ 12,800         0       2,070    8,180    1,405   1,145 
ɋʑ 26 Ɍɔ 11,400 0       2,400    5,000      3,000   1,000 
ɋʑ 27 Ɍɔ 11,400         0       2,400    5,000    3,000   1,000 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�yk^ 
ҏΏΨѪͺo¤zΏҏʙ͏�Ȗѻιϐʙ͏ª϶�Ƴ©��zĘ�Đͩ�ʄɺ͊ȕßóÅÃªѬ˪}¦w�ªέΨ

�{�k¦^΅�̳�£l�ʙ͏ª̃ʄɺ͊ȕιϐ�ȪŜ}¦^�

ՁՉՂ�ßóÅÃҏΏzКƊҏΏ���Ѯ҅їͻҏΏj��ҏΏʙ͏�£¦ʄɺ͊ȕ�їͻҏêÏñz�

ՁՊՂ�¼úèΏҏ�҃ҔҏΏª϶�Ƴ©��ʄɺ͊ȕ�ĝОӼίēĲΓêÏñ�

ՁՋՂ�ƥΑś͏�£¦ʄɺ͊ȕn£�ҏΏ�їƉӟĪȐҋ̘�

ՁՌՂ�ǶȳɼӞʤ�ћ΍ɢɚùÏÀ¯õ�£¦ԙѮ҅Ψʄɺ͊ȕ�҃ζʁǨτȐΨҏΏȖԵҋ̘�

w§¤�£¥ʄɺ͊ȕßóÅÃ�Ώҏ�ȖѻԚ�ιϐªӐ�¦^���̳�ÃÎÌß�{�w§¤�ιϐʙ͏ª

ϺƳ{zĐͩ�ʄɺ͊ȕ�ӽ}¦ŝs˞{kҏΏΨ˟͏ҏª̩Ϧ{zΏҏιϐ�Ȗѻιϐ�іƳ�£¥ʄɺ͊ȕ

ßóÅÃ�ҏΏΨѬ˪ªїl ŷ¤�w�ʒ_�·г�˟͏ҏ¡ζѤª̃˞Ԣǥ�ĝΌ�ş˼{� Ę�ʄɺ͊ȕ

�πϷτȐΨǧάzӐƏùӟĪȐΨǧάzοĩΨǧά�іƳιϐ�ҚΈ}¦^�

�

�

�

�

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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̃ůɌɔ�ιϐʑ̑�ǧ�k�ʄɺ͊ȕùїƉŰ˝��k��ιϐªӐ�¦^ՁՉՂҏΏŰ˝z҃ҔҏΏzКƊ

ҏΏzǘɢҏΏ���y�z��ҏΏΨŰ˝ùʿҏΏҏ�ιϐzՁՊՂѮ҅їͻҏzїƉϷͤȐ���ʄɺ͊ȕ

êÏñªǧ�{�ʄɺ͊ȕОӼ��Ê¯ÒçÌ¹¯õÉï¹ÁîõêÏñ�ιϐzՁՋՂʄɺ͊ȕ�҃ζʁǨτ

ȐêÏñ�ιϐzՁՌՂʄɺ͊ȕ�ӟĪѣǔn£�ΐǬѣǔ�Ȥ}¦їƉӟĪȐΨιϐzªy¤�Ӑ�¦^��

w§¤�ιϐªіƳ}¦˟͏ҏ��k�ůɌɔ�ͭŏιϐªӐ��pz��ʑ̑ªǧ�y¤�іƳιϐªӐ�

¦^ƳΏΨʄɺ͊ȕЪſ��k��ӟĪѣǔ�ΐǬѣǔ�ӽӎz҃ҔҏΏ�¼úèΏҏª϶�Ƴ©��ʄɺ͊ȕ

ОӼ�¯õÉï¹Áîõ�ιϐzǘΨùºïÝ®Ì¹ʿҏ�£¦ʄɺ͊ȕ�҃ζʁǨτȐΨιϐ���Ƿq�ʑ

̑p˿ɧ�q¦�Нm¦^ΏҏêÏñªǧ�{�ќԵОҋ̘ªїl����z��ʑ̑�ǧ�qΏҏêÏñªˏ

л}¦^�

ҏΏȐΨʙ͏zѮ҅їͻҏΨʙ͏z¼úèҏΨʙ͏z҃ζʁǨτȐΨʙ͏zїƉӟĪȐΨʙ͏ªіƳ{�zʄɺ͊ȕ

�ҏΏ�Ѱϡ��k��̃ιϐªӐ��^ɋʑՊՋɌɔ�zw§¤�ʙ͏�£¦ʄɺ͊ȕιϐ��k�˘Ώ{zіƳ

Ψιϐ�Ʒu�ͭŏªї��^΅�zїƉӟĪȐΨʙ͏�ҏΏn£�ƳΏɼ�ιϐʙ͏�ª϶�Ƴ©��z3ZOWa�Ù

ïÑ¹ÃҊԦ���ϷͤїƉȐʄɺ͊ȕҊԦ��k�ĐŏȖԵҋ̘ªї��^3ZOWa�ҊԦ�Ȥ}¦ʄɺ͊ȕїƉ�ҏ

ΏɺНЪſ��Ӽ�ӟĪѣϱzΐǬѣϱ�ӽӎɼ�ҋ̘ªӻȈ{�^ǘΨ҃ζ�ʁǨũΏ�ҏΏΨŰ˝��ӽӎ��

k�ǘΨùºïÝ®Ì¹ʿҏªȤҗ�ͭŏιϐªӐ��^¼úèΏҏΨʄɺ͊ȕ�҃ҔҏΏ��϶�Ƴ©��£¦ʄ

ɺ͊ȕêÏñ�êÏñ̩ϦªӻȈ{� К̂ƊҏΏ�Ѯ҅їͻҏ�ѪͺªіƳ{�ʄɺ͊ȕ�êÏñ�̩Ϧ�ӻȈ{�^

��zw§¤�ĄӼʑ̑ªλ҃{zĚɩՌɌӼ�ιϐѰΘªϔ̟{�^�

�nzҏΏȐʙ͏�їƉӟĪȐʙ͏ªіƳ{�їƉϷͤȐΨʄɺ͊ȕҊԦќԵОҋ̘ªӐ�¦�j���zÙðǷȐ

n£��7#E�ªĄɱ�{�̃ιϐ�͞ǵӎˆιϐʫͺ�їƉϷͤȐzπϷϷͤȐºñúß�ΏҏêÏñzҋ̘ÏÀ¯õz

ԑѰʙ͏ªƖҕ}¦ɲѣpΑ|zûӢ�ѰΘpՊՌɌɔ�Ж¥ҭy§�^ȖԌ�ӎˆʫͺ�Ɩҕªїkzw§¤�Ώ

ҏêÏñιϐ�ҋ̘ªӐ�¦w�p�q�^ůɌɔ�{�ĐʂĢý�ʑ̑ªɫ¤§��Нm¦^їƉӟĪȐΨʙ͏

�ҏΏn£�ƳΏ�ιϐʙ͏�ª϶�Ƴ©��z΅��3ZOWa�ÙïÑ¹ÃҊԦ�ƥΑśќԵОȖԵҋ̘ªȖˠ{

� 3̂ZOWa�ҊԦ�Ȥ}¦ʄɺ͊ȕ�ҏΏɺНЪſƣ�ζΨЪſ��Ӽ�ӟĪѣϱzΐǬѣϱ�ӎɼ�Đŏҋ̘ª

ї��^w§ª���Ĳ̥ģ҇zΏҏêÏñª͞ǵӎˆʫͺ�k£¥ѥ̭�Ƿq�ҋ̘ªӻȈ�q�^ǘΨùº

ïÝ®Ì¹ʿҏ�ΏҏêÏñιϐ�҃ζɱΏȐΨȖԵªӻȈ{� ¼̂úèΏҏΨʄɺ͊ȕ�҃ҔҏΏ��϶�Ƴ

©��ҏΏêÏñιϐ�ʑ̑ªýv�^КƊҏΏªΓk�ʄɺ͊ȕ�КƊŴϮ��ӽĺêÏñª̩Ϧ{�^ȖԌ

�Ν�¦˟͏ªіƳ}¦ιϐʙ͏ªůɌɔo¤ȪŜ}¦w�p�q�ͺ�ͫҮ{�k¦ ŵ�ůɌɔ�˟͏ҏі

Ƴ�ʙ͏ª̳Ɍɔo¤�y¤�ΥȲy��ksw�p�q¦�Нm¦ Ώ̂ҏΨιϐ�ќԵОȖԵҋ̘�іƳιϐ

��k��Ԡҋ�ӐȲy�¦w�p�q�^ĵm�ՁՉՂҏΏΨʿҏΏҏª���{�ќԵОʿҏȖԵՁՊՂǘ

ɢΨʿҏ�ΏҏêÏñ�̩Ϧ��§�Ȥ}¦҃ζɱΏȐΨќԵОȖԵՁՋՂʄɺ͊ȕҊԦ�Ȥ}¦˿ɧƇΓΏҏ

êÏñ�ǧ�sƥΑśќԵОȖԵ��ªї��^w§�£¥zŰ˝ƣ�ʄɺ͊ȕ�nu¦ΏҏêÏñªȖѻιϐ

��oo©¥�Ѥή}Ĳ̥ªӐ�¦w�p�q�^ʄɺ͊ȕιϐ�їƉӟĪȐʙ͏ªȪŜ{zĚɩ�ιϐ���

�Ĳ̥ģ҇ªϔ�¦w���q�^�

�

�

�

�

�

�

�

�
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{z΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�yk^�

w§���ιϐʑ̑0�

�

3� ƥΑś͏�ҏΏȐª϶�Ƴ©��їƉϷͤȐzїƉɱΏȐ���ՉՑՏՈɌĠo¤ιϐy§�q�ʄɺ͊ȕ

�їƉȖԵҋ̘ҊԦՁĵm� 3ZOWa ÙïÑ¹ÃҊԦ¡Şşҙ¼úè��ՂªїƉӟĪȐ�ϔǩ�ҏΏȐ�ϔ

ǩo¤ΏҏԚ�ќԵОȖԵҋ̘Ԛ�ιϐªӐ�z�§¤ªіƳ{�ƥΑśќԵОªΓk�˟͏ҏª̩Ϧ{�^

��ϸ̑zĵm� 3ZOWa ҊԦ�Ȥ{�zʄɺ͊ȕzҏΏЪſzÙúÇÒðÎ®�ӟĪѣǔnΐǬѣǔ�ίē

ӽӎ��k�˞{kζѤpɫ¤§�^�

�

4� ǘɢҏΏʿҏzºïÝ®Ì¹ҏΏʿҏ�ΏҏêÏñª̩Ϧ{�^Υћҏ˛� 4Sab�BOASC�3eOCR ªƩң{�^

��҃ζȖԵn£�բ"D; ЭΘŔιϐªӋ|�zΏҏΨĐʂ�̤ѻªї��^w§¤ªӋ|�zǘΨʿҏ�

nu¦ÙÉúõæÌËõºùáúÃ�ʿҏßóÅÃ�ū̎ªї��^w§¤�ʑ̑ªǧ�zǶȳɼæÐðÌ

¹Ã���ºïÝ®Ì¹ћ΍�ћ΍ɢɚƣ�ÏÀ¯õ�Ƕȳɼǈǂ�ʄɺ͊ȕßóÅÃ�ӽĺªҋ̘{�^

w�έΨ�zǶȳɼћ�ÙïéúÉƏʙ͏z­¯ÐïÌµú�£¦ќԵОҋ̘ʙ͏ª̩Ϧ{�^ҏΏΨzʄ

ƾҏΨ�ƵŇ�Š¤ÝÌ¹ћ΍pÏÀ¯õ�ӗǵ�£¥��£l�ќԵО�ʄɺ͊ȕ�ɥԝ}¦opzw�

­¯ÐïÌµúҋ̘�˪¤o��¥��j¦^�

�

5� ¼úèΏҏΨȗѪΨʄɺ͊ȕêÏñ�z҃ ҔҏΏ¡ήѪĆКҏΏ�£l�ĆѪΨ҃Ҕ�ҏΏª϶�Ƴ©��z

ēk�ίʙpıª҃Ҕ{�k¦oªʿҏzѰϡzĐͩ{�p¤ēk�¯õÉï¹Áîõ{zēk�ʄɺ͊ȕ

ªǳƏy�¦ίēĲΓǢʄɺ͊ȕßóÅÃêÏñpɢʑy§�^w�ΏҏΨʑ̑ªќԵОȖԵ�̤ѻ{�^

ȗѪΨƇΓΏҏΨʄɺ͊ȕêÏñ�ĆѪΨζҔʿҏêÏñ�ªіƳ{�˞{k҃ҔҏΏΨ¼úèΏҏ�̩Ϧ

ªӐ��^ʑ̑�ks�o�ǚԌĩҕ�Şӻy§�^�

�

 

�
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̃ιϐ�w§���ʑ̑�Ć����{��̳�ԟέpʲv¤§¦^�

Ćѣʑ̑Ւ�

�

ՁՉՂ�їƉϷͤȐƣ�їƉɱΏȐ�ʄɺ͊ȕҊԦª̃ιϐΌpӻΥ{�їƉӟĪȐnҏΏȐіƳιϐʙ͏�ƥ

ΑśќԵОՁϮՍՈՈ϶ՉՈՈՈĘՂҋ̘ª 3ZOWa ÙïÑ¹ÃҊԦ�ї���w¨z�


�O�ʄɴ͊ȕ��ӟĪѣǔ�ӽӎɼpԸkw�pλo�¤§�^�


�P�"OX]CWbg�Ӟʤ��zÙúÇÒðÎ®�ӟĪӎӽpԸkՁVOC[�Od]WRO?QS��?]dSZbg�Od]WRO?QS ��

�“Ҧ��ӽӎɼp΅�ԸkՂw�pλo�¤§�^�


�Q ˿ɧƇΓêÏñӋ¥�ʄɺ͊ȕªїlќԵОЙ�ҏΏʿҏՁ̃ιϐΌpӻΥ{� 4OC]Q] ҊԦҋ̘Ղz

;CՁėǷ #f ҋ̘ՂϑӼũΏҊԦ��Ӽ�ԸkӟĪΨίӽp҃�¤§�^�

ՁЈԑĄ�ǚԌÂëúÒñzƣ�ǚŢȐĩ҂�bʄɺ͊ȕ΅ԑc�w§¤�ʑ̑�ӌǨy§¦^ՊՈՉ

ՋɌ̂���ՊՈՉՌɌŪ΃Ղ�

ՁՊՂ�ǘɢΨzºïÝ®Ì¹ҏΏʿҏ�ǧνΏҏêÏñ�̩Ϧªȓʑy�� Ձ̂Պ��ǚԌҏΏȐÂëúÒñ�

Ū΃y§�^��zǶs�ǚԌ̘҈ĞqȐĩ�ʼʤy§�^΅� 7cZSC(&
( �� 4Sab�BOASC ңªƩң{

� Ղ̂��zw�Ώҏ�҃ζτȐΨzЭτȐΨ̤ѻªӐ��^ûйќԵОzȫȐΑśϖzբ՛՝՚ҋ̘ª

їkz7cZSC ǘǢºïÝ®Ì¹ʿҏ�҃ζßóÅÃΨ΅ɰªū̎{�^�

ՁՋՂ�ýѴՁՊՂ�ʑ̑����z­¯ÐïÌµúªΓk�zºïÝ®Ì¹�ћ΍�ÏÀ¯õ�әkpzʄɺ

͊ȕƣ�ʄƾʠ˃�Ām¦ɥԝªҋ̘{zǶȳɼæÐð¹ÃՁǈǂ�Ĝ̪͂һóºћՂªΓk�z˛ȍ

Î·ÃÐћ�zћ΍˟͏�Ν�¦ÁõäðÌ¹�ϻΨћξ�ǩƳ�ՁҏΏΨ��ƵŇ�j¦��ӽ©¤

~Ղʄɺ͊ȕpΝ�¦w�ª˪¤o�{�^΅�zѤ˯Î·ÃÐǢ�Ƶ̪�ʄɺ͊ȕ�д¦ºïÝ®Ì

¹ÏÀ¯õ�Ν���ʄɺ͊ȕ�д¦ÏÀ¯õ�әk��k�˞{kζѤªɫ�^�

ՁՌՂ�¼úèΏҏʄɺ͊ȕêÏñ�҃ҔҏΏzКƊҏΏzÊ¯ÒçÌ¹ҏΏ���ĝО�їͻ¡ζҔ¡ľɸ�

ӽ}¦ҏΏêÏñ�ª϶�Ƴ©��οĩΨÊ¯ÒçÌ¹ʄɺ͊ȕҏΏêÏñ�ɢʑªӐ�zќԵОȖԵ

�Ώҏ�̤ѻªї��^�

ՁՍՂ�їͻ�̜ʫ�їͻ�ƞǔ��ƑűzƳΏΨїͻ�ԙƳΏΨїͻzʿҏ�£¦ҏΏΨĐͩ�ήѪΨŰ˝ù

їͻ�Ƒűz���ʄɺ͊ȕ�ҏΏ�ӽ©¦ǧ̃Ψ�ǉk��k�Нȡ{zʑ̑ªýv�^͞ǵ�Ռ�

�ǄȐÂëúÒñª�|�zǶs�͞ǵϭȐљŪ΃΄�ʑ̑ªŞӻ{�^�

ՁՎՂ�̃ιϐºñúßpħΘ{�z̃ιϐԢǥĝΌՁӰҖԢǥĠћΌzǟýΌՂ����zǄȐϭȐĩՁˤ̃

τȐǄȐĩՂ�Ɍ̳Єĩ΅űÁõåÂ°èªӻŐ{zЭπϷτȐzɟƏȐМzǄȐzҏΏȐ�ȐԌΨ�

ѱҏªїkzʑ̑ªýv�^w�ʑ̑ªǧ�Ȑĩ҂�bʄɺ͊ȕc΅ԑưp϶�§¦w�����^�

ՁՏՂ�ĄӼʑ̑�Şћzƣ�ǚԌΨ�ʞŰ¡½éõÐªƩu¦έΨ�zƳѰՐĥ�ǚԌÁõåÂ°èùǚԌô

ú¹ÁîÌßª̃ѰΘιϐΌpħΘ{�^�
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˝}¦���Ӫѣ�ʙpo¥ª��¤}	
 LOC?]bV���E?WShSY��
//-�^w§���ιϐ�£¦�zɏś˿

�Ȍ���ˣ�w�ʙpo¥ªΓk�Ű˝ªїlЪſpj¥z˞ǽ�΄�ƶŹ¡ӗŠ�Ĵk˟��zĝО

o¤˞{kʁǨpĀm¤§¦£l�Ά͎þ�nk�zj�¥гľ�ͼkĘ΄£¥�z£¥ɟkλľªʯ�

�ʁǨªˁĶ{�Ę΄�ɪ��ȐМªїl�klӞʤΨȐМp�q¦�Ǩƻy§�k¦	
 EOPPOUV���

4OZReW?��(&&
�^̃ιϐ��zw�ЪſpѮ҅ȐМĢŹ�ŏ©��k¦��o�loªλo�¦��zy

¤�ɌԽpþp��ՊՌµ˻�Ďś��k�λľɔ¯õÐÕúÁîõ�£¦ӞʤΨȐМª}¦oªȖԵ

Ą�j¥zɋʑ (� ɌɔĄ��ū̎ªϵď{zɋʑ (, ɌɔŹƕ��ҏ˛�{�ʑ̑ŞӻĐȕ�j¦^�

� ʑ̑�ɀȐΨɵΓ�{�ɛqϾqzȖΑ͗�Ѡԓ�ΐǬ�Ę�½çìÓ»úÁîõªїlóäÌÐ�

�Ȗѝªѽ�¦ ó̂äÌÐ�ȐљΨϘʟǷĩ�j¦óäµÌß՗ãúèāΙǷĩp̀ɌӻŐy§�k¦p

ϘʟªӋ|�zҵӂ�ǩԚ��ÙúÇÒñóäÌÐ�ĘӼ�£¦ȖāΙ�đ΄ªȤҗ�{�½çìÓ»ú

Áîõ�ƬЪɼpӻo§¦�����z��Ӫѣɼp˪λ����q�k¦^�

̃ιϐ��z̃Ɍɔ���ʑ̑ªҳ�m�p¤zѮ҅ªгɨΨ�Ήɫ{æñËêúÊñ�ʁǨ�ӽӎ�

u�p¤��§ªΓk¦w��£¥zóäÌÐ�ĘӼ�½çìÓ»úÁîõªţͮ�їlʙ͏�ӻΥªέ

ʰ}^�
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ιϐԟέ A01-3 ιϐҊԦƶ Đͩ�ʄɺ͊ȕ����̡̰ȐМΏҏ�̩Ϧ���πϷǓҲ��Ȗ΍ 
ιϐĠћОƶՁʗȳՂ ̅ȵȨ� Ձ̋ėɀ̥ǷȐùǷȐԃʁǨΏɀȐιϐτùŨ˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 19,100 15,510 90 925 2,540 35 

ɋʑ 24 Ɍɔ 
10,200 
(3,400) 

3,797 
(0)�

1,889 
(300)�

169 
(100)�

1,337 
(2,800)�

3,008 
(200)�

ɋʑ 25 Ɍɔ 15,400 1,000� 400� 1,700� 12,000� 300�
ɋʑ 26 Ɍɔ 13,500 1,000� 500� 1,500� 10,000� 500�
ɋʑ 27 Ɍɔ 12,700 500� 200� 1,500� 10,000� 500�

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��Մιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�ykՆ 
̃ιϐ��ՄĐͩ�ʄɺ͊ȕ����óØÃÐ�̡̰ȐМΏҏª̩Ϧ}¦�ş�Մ�§ªπϷǓҲ�Ȗ΍}

¦������£l�Ŵɬ̰̩pɲѣ��¦oªΏҏΨ�˪¤o�}¦Ն��ՄԢǥŢ�ιϐО�˺Řϗ�̰

̡ȐМʟљªˁĶ}¦w��£¥ՄԢǥŢ�̪_�ιϐҊԦ�ɲѣ��¦ϺѰΨÏúÉѬ̎�ƇΊªƷýy

�ՄԢǥŝİ�ιϐʿӐ�Ķ}¦Ն 
 

UǔŤ�

� ̡̰ȐМ�έΨ�ՄĀm¤§�ÏúÉ�Чɩ�ͳ�ѥŷΨ�ÙÉúõªгƉΨ�ʦŪ}¦w��j¦Նw§

�£¥ՄӖƠ�ÏúÉo¤ϭϺΨ�Ȩ̊ªĐͩ}¦w�pƬЪ��¥Մ˺ӛ�ʄɺ͊ȕՄ}�©�ՄΆ͎�Ƴ

©����£l�їƉª�¦�qoªӛŬ�Ű˝}¦w�p�q¦£l��¦Նw�£l�Ч˱���Մ̡̰

ȐМ�Ώҏ̩ϦՄƣ�Մ­ñ¾ðÄèӻΥpӂɌԙɉ�Ϋ«�ї©§�k¦Ն{o{�p¤ՄɟkԙЇɢɼù

ԙȕɉɼªʯ�Ѡԓ�ÏúÉo¤óØÃÐ�ȐМªї�lw��Մ˺Řϗ�̡̰ȐМʟљª���{��́�

ǖԕ�j¦Ն��Մ΍ǝ�̡̰ȐМιϐ�ʁǨτȐ�ûūӫ�{�ĮЗ�u¤§�n¥ՄȐМ̰̩ªπϷǓҲ

�Ȗ΍}¦������£l�Ŵɬ̰̩pɲѣo�k��πϷτȐΨ�Πǉ�Ȥ{��ՄƓū�ιϐpї©§

�k�k�p΍Ά�j¦Ն 

UƶƻƱƮ�

̃ιϐ��ՄʁǨτȐΨ�ιϐªπϷτȐ�ζѤ�˼̰Ψ�іƳy�ՄĐͩ�ʄɺ͊ȕ����΅ɰӞʤ�

ɟƏȐМ�ӽ}¦ԛ˞Ψ�̡̰ȐМʙ͏ªӻΥ}¦Ն��Մw§¤ªπϷǓҲ�Ȗ΍}¦���Ŵɬ̰̩ªΏ

ҏΨ�˪¤o�}¦Ն 
 

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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ՁՉՂĐͩ����΅ɰӞʤՒÚÐ�ЭŢѰϡ̰̩�£l�̖Ҹ�Đ̰ͩЪªȖ΍}¦����ՄťӸ�ʁ

Ǩͬo¤Đͩ�ɲѣ�΅ɰª̷λo�óØÃÐ�Ӟʤ}¦ɲѣpj¦ՆιϐĠћО¤�΅ɰӞʤ�ΏҏΨǧν

ª�}ίēʁǨӬ�ԛ˞Ψ�ʿȕʙ͏ӻΥՄƣ�ՄǷѥ̭ÃÙúÃʿȕʙ͏ӻΥ�nk�ԩш�ʑ̑ªjv�

k¦Ն̃ιϐ��w§¤�ɪ̊ιϐ�ǧ�qՄĐͩùʄɺ͊ȕǉԦ�ѥ̭�ɵ|�ՄѰϡ˯Ӽ�oo¦pԸϬ

ɔ�ʙ͏ՄϬɔ�¡¡Ƃ¦pѰϡ˯Ӽpӌk­ñ¾ðÄè��ªӻΥ}¦Ն˷�ƵιϐԢǥŢ�πϷǓҲËú

è�ӎˆ{Մw§¤�­ñ¾ðÄè�πϷǓҲЁ��Ȗ΍ƬЪɼªʽ¦�ş�ՄĘ¡Ɖ΄pĐͩ�ʄɺ͊ȕ�

Ӫѣ�ʅѧŵʹ¡˛ЫʁǨªΥѤ{Ӟʤ}¦ΏҏêÏñ�{�їƉȖԵ��ɵΓªǘ¦Ն��ՄƵԢǥŢ�π

ϷτȐՄΑΏȐՄƒȐՄΑİƒΓɀȐ���ūӫ�ιϐО�Ė͙ª�o¥Մ�§¤�ūӫ�Ѭ̎y§�k¦Ï

úÉ�Ȥ{�˺˞�̡̰ȐМʟљªˁĶ}¦w��£¥ՄԢǥŝİ�ιϐʿӐ�ʁǨτȐ�ΏҏΨù­ñ¾ð

ÄèΨ�ϔǩo¤ҚΈ}¦Ն 
 

ՁՊՂóØÃÐɟƏȐМՒʄɺ͊ȕ�˗ΏêÏñ�{�̬ͭΨ�ɟƏȐМ�̒϶���ՄǨӦǁ�˿ɧŇª

˺Ƿ�}¦£l�Ŵɬ̰̩�˺ӛƏªї�lՆ{o{ՄπϷǓҲ�£l�ԙȕɉo�Ö¯Ä�ɥԝp͢Ŷ�ϭ

�nk��Մ̪_�ǵč�Ȥ}¦óØÃÐɼp΅�Ӫѣ�j¦Նιϐ

ūʧО�ƉΨ�ΐǬǳƏ�Ȥɵ�q¦Θ˿Ψ�óØÃÐɟƏȐМ͏

ªӻΥ{�n¥Մ��ιϐĠћО¤�ӖƠ�ʼƨ{�ÏúÉª˼ƇΨ

�ŤŲΓ�q¦ɟƏȐМʙ͏ªˁ̟{�k¦Ն̃ ιϐ��w§¤�ι

ϐʑ̑ª˷�ΥȲy�ՄԸ̳ŖϑӼ��óØÃÐ�ʄɺ͊ȕªїlw

���q¦ԛ˞Ψ�ɟƏȐМ­ñ¾ðÄèªӻΥ}¦Ն��ՄÚìú

æÖ¯ÑóäÌÐ�£l�ǶгΕɔŴɬȤҗ�Ȥ{�ՄӔƉҷӗ�©

¥�΅Ə{�êÏñƏ�˟ϟˏǋʙ͏ªӻΥ}¦w��£¥ՄԸ̳

ŖùȖΐǬ�ɟƏȐМªӛΓ}¦w�ªέʰ}Ն˷�ՄýѴ�ιϐҊ

ԦՁՉՂ�΅ɰӞʤ­ñ¾ðÄèιϐ�іƳy�ՄêÏñáúÃՇê

ÏñÝðúʙ͏�˺ӛӞʤ����óØÃÐȐМΏҏª̩Ϧ{ՄπϷ

τȐËúè�їƉȖԵÏÀ¯õ�Ѭ̎�ҚΈ}¦Ն��ՄɀȐΨ�ɟ

ƏȐМ­ñ¾ðÄèªӂĭΨ�πϷǓҲ�Ȗѝ}¦w��έʰ}Ն 
 
UƜǛ�

� ̡̰ȐМ�ů˿�ιϐ�ՄĘɀÙúÅßÐóõ��ɀȐΨ�˼Γ�ȐМ­ñ¾ðÄèªӻΥ}¦�u��

sՄ�§ªπϷǓҲ�£����£l�{�Ȗ΍}¦o�Нʉ{�p¤ΥȲ{�q�Ն{o{ՄӂɌ�Ѱϡ̰

�ԮҴΨ�ɼЪƷý� IT Β̥�ш{kΥȲՄƣ�Մɫ¤§¦ʁǨӬ�΁ΥΨ�ǭƁ�£¥Մ̡̰ȐМ�ιϐ

�πϷτȐ�ιϐ����·ϔ{ՄʁǨτȐ�ūӫ�nk�·г�ΥȲ�ӗªӀ��q�Ն{o{�p¤Մ˺

Řϗ�̡̰ȐМʟљª���{��ՄɟkԙЇɢɼùԙȕɉɼªʯ�Ѡԓ�ÏúÉo¤óØÃÐ�ȐМªї�

lw��ԙɉ�ǖԕ�j¦Նw�£l�΍Άªʛӻ}�sՄ̃ιϐѰΘ��ՄπϷτȐ�ιϐОo¤�Ý®ú

ÑØÌ¹ªɫ�p¤̡̰ȐМ�ιϐªʿӐ{ՄπϷǓҲ�nu¦Ȗ΍ƬЪɼªНʉ{�ȐМ­ñ¾ðÄèªӻ

Υ}¦Ն 
��Մ̃ιϐԢǥ�ĆԦ�j¦bĐͩ�ʄɺ͊ȕ�ЭŢѰϡ̰̩�Ѭ˪�£¦ĘӼΏѬ�ɵΓcªӘʑ}¦

����ՄʁǨτȐΨ�ѤǞo¤�Đͩùʄɺ͊ȕ�êÏñƏ�ՄπϷτȐΨ�ѤǞo¤�Ȗ΍ƬЪɼ�̤ѱ

ªØïõÃ£sӐ��ksw�pӪѣ�j¦ՆԢǥŢ�ĝ�ιϐºñúß�ӎˆ{�w��£¥Մʒ_�Ȧӹ

ūӫ�j¦ʁǨτȐ�Нm˟ªЭŢѰϡ̰̩�Ѭ˪�ɦϔ��ksՆ 
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{Մ΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�ykՆ�

UƜĺȘō�

΅ɰӞʤ�ӽ{��ՄĐͩùʄɺ͊ȕǉԦ�ѥ̭�ɵ|�͉�¤§¦΅ɼpΝ�¦��ՄƲΆ͎��y©{

k­ñ¾ðÄèªŃű�ӻΥ{Մ��˼ƇɼªѰϡ̰ȖԵ�£¥Ȗѻ}¦w�ªέ̬�{�k¦ՆŠİΨ��Մ

Ģþ�ιϐªʿӐ{�q�Ն 
xȫѥ̭�Đͩùʄɺ͊ȕǉԦ�Ȥ}¦Ϭɔ�лk΅ɰӞʤ­ñ¾ðÄè�ӻΥՒˣ�ˁ̟{�k¦

Ēċ˅ǼίēʁǨӬ(Squared-loss Mutual Information; SMI)ªΓk�΅ɰӞʤ͏�ɼЪª˷�Ʒýy�¦�

��ՄίȤ SMI(Relative SMI; RSMI)�£�§¦˞��ʁǨӬ̨ɸªН̟{�ՆRSMI � SMI �Ƶϛ�΅ɰ

ҔűЪſªĽʯ{��ՄԓԜ¡ΝɉŇ�Ȥ{�ԙɉ�ŕ§�óØÃÐɼª˼}¦ʁǨӬ�j¦ՆRSMI ªÏú

Éo¤˺ӛ�ʿȕ�q¦­ñ¾ðÄèªӻΥ{Մ��Մ��ϺѰΨ�ɼҦª˪¤o�{�Ն 
xǷѥ̭�Đͩùʄɺ͊ȕǉԦ�Ȥ}¦Ըӌ�΅ɰӞʤ­ñ¾ðÄè�ӻΥՒǷѥ̭΅ɰӞʤ��Մ

Ը̳Ŗ�ÏúÉªko�ƇΊ£sũΏ}¦opӪѣ�j¦Նw§���ӻΥ{�q�ҬԸӌÃÙúÃȐМ­ñ

¾ðÄè�j¦ƥȤʬɞïºïõÂì͏(Dual Augmented Lagrangian; DAL)ª͗Γ�q¦£lՄ΅ɰӞʤǉ

Ԧª΅ɰӪ��ÃÙúÃȐМǉԦ�{�ȕɚƏ{�Ն�{�w§pՄÚñáñÐùÁìçÌÐ·ϔɼѥͭ

(Hilbert-Schmidt Independence Criterion; HSIC)�ʄƾ�˺�Ӫѣ�΅ɰªӞ«�k¦�klϺѰΨ�ʄƾ

Ğuªʯ�w�ª˪¤o�}¦����ՄŠİΨ�΅ɰʦŪ­ñ¾ðÄè�j¦ HSIC-LASSO ªӻΥ{ՄԸ

̳ŖÏúÉ�Ȥ{�Ըӌ�ѰϡpƬЪ�j¦w�ªλ҃{�Ն��Մ˺ӂŎҔű�˛Ы�nu¦΅ɰӪ��Ã

ÙúÃȐМǉԦ�nk�Մ΅ɰϑӼ�үԔѰӬ�Éú¼ÌÐ��¦ӂŎ̬̃��ûҜɼªƟȟ�Ľʯ�q¦·

г�­ñ¾ðÄèªӻΥ{Մ��˗ΏΨ�ɼҦª˪¤o�}¦����ՄѰϡ̰ȖԵ�£¥˼ΓɼªȖѻ{�Ն 
xĄѥ̭�Đͩùʄɺ͊ȕǉԦ�Ȥ}¦Ϭɔ�ѰϡƇΊ�ØïõÃp�§�΅ɰӞʤ­ñ¾ðÄè

�ӻΥՒýѴ�Ē��ʙ͏�ǧ�qՄĒċ˅ǼίēʁǨӬ SMI �΅ɰӪ�ÃÙúÃȐМª϶�Ƴ©��˞{

kÉ¯ß�΅ɰӞʤ­ñ¾ðÄè L1-LSMI ªӻΥ{�ՆĐŏΨ�Ѱϡ̰ȖԵ�£¥ՄÏúÉ˗pԂ¤§�Ά

͎��ϊ_�Ѱϡ˯Ӽ�Ϭɔлs΅ɰӞʤªїlw�p�q¦w�ªλ҃{�Ն 
UĮâčǐ�

ɟƏȐМ�ӽ{��ՄԸ̳ŖՄȫ̬̃ՄԸÖ¯Äþ��óØÃÐ�ʄɺ͊ȕpїm¦­ñ¾ðÄè�ӻΥª

έ̬�{�k¦ՆŠİΨ��ՄĢþ�ιϐªї���q�Ն 
xԸ̳ŖΆʆϑӼĄ�nu¦ʄɺ͊ȕ����ҷӗáúÃ�êÏñƏ�˒ϟˏǋ�̒϶��̩ϦՒ

Ը̳ŖϑӼª����ʝl�̳Ŗ�ƽk���ӛŬ�˒ϟˏǋªїlw�p�q�kՆ�w�Մҷӗ��©¥

���˒ϟªˏǋ}¦ɟƏȐМ­ñ¾ðÄèªӻΥ{�Ն�{���˼ƇɼªՄ̹їóäÌÐ�ÁçìòúÁ

îõêÏñ�£¥̤ѻ{ՄՊՈ̳ŖĢý�ΆʆϑӼ�nk��ɪ̊ʙ͏��ǖԕ�j��˒ϟˏǋpƬЪ�j

¦w�ªλo��ՁǘՉՂՆ��ՄЬ�ǞԚ�њϒ��ΐǬ�ſȐϭpԔ˕Ψ�ǳƏ}¦ǩƳ�nk��ˁ̟

­ßóúËpӛΓƬЪ�j¦w�ªÁçìòúÁîõȖԵ�£¥λ҃{�Ն˷�ՄȖÚìúæÖ¯ÑóäÌÐ

�ЮӢՌгΕɔªΓk�Ϸ

ΕͺųӘӔƉҊԦ�Ȥ}¦

їƉŷ�ΉɫÉÃ¹�Ȥ{

�Մˁ̟ʙ͏ªΓk¦w�

�£��˗ƓǓϊɔ�΍Ȗ

Ψ�ѽїǓ˗Ţ�ӔƉȐМ

pƬЪ�j¦w�ªȖԵΨ

�ξ{�Ն 

 
 
 
 

ǘ 
0�ˁ̟ʙ͏�£¥Ήɫy§�̹їӔƉՆ�
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x˒ϟƍӤ­ñ¾ðÄè�ӻΥՒĸŇӽ˗ªϷΕ�~˒ϟӽ˗ªƍӤ͏�£¥ήʾȐМ}¦w��£¥Մ

ʄɺ͊ȕ�ϬɔƷýpѤҿ�§¦Ն˒ϟƍӤªóØÃÐ�ʿȕ�q¦˺˞�ɟƏȐМ­ñ¾ðÄè�j¦

policy gradients with parameter-based exploration (PGPE)͏�ΏҏѬ̎ªїkՄREINFORCE �ƿ�§¦

ɪ̊͏£¥�Ȓȕ{�˒ϟƍӤªʿȕ�q¦w�ª˗ȐΨ�ѻ˪{�Ն�{�w� PGPE ͏ª˷�ʬɞ{ՄӖ

Ơ�Ƨԑ{�̬̃ª˼Ƈ͗Γ�q¦̬̃ŤŲΓǢ PGPE ͏ªӻΥ{�Ն˷ ���˼ƇɼªՄóäÌÐÁçìò

úÉªΓk�Ѱϡ̰ȖԵ�£¥ξ{�ՁǘՊՂՆ 
xêÏñáúÃɟƏȐМ͏�ӻΥՒýѴ�ŝ�êÏñÝðúɟƏȐМ�ӽ}¦ιϐ�j¦pՄΐǬêÏñ

�˪ξΨ�ȐМ�ǧ�sêÏñáúÃɟƏȐМ͏�Ά͎�ɵ|�Ĵkūu¦�p˺ӛ�ʄɺ͊ȕ�ƨ��Ӫ

ѣ�j¦�Нm¤§¦ՆιϐĠћО¤pw§���ӻΥ{�q�˺ȫĒċ̉ĥĞqȟɔʿȕ͏(Least-Squares 
Conditional Density Estimator; LSCDE)ª PGPE ͏�϶�Ƴ©��êÏñáúÃ PGPE ͏ªӻΥ{Մ��˼

ΓɼªĐŏΨȖԵ�£��λ҃{�Ն 
xɟƏȐМ�£¦̓ϚΘ�гƉΑʑՒољȜ�ʄɺ͊ȕӖϊªѰϡ̰�̭ˍ}�sՄ̓ϚΘ�гƉΑʑ

ªɟƏȐМ�£¥Ȗѝ{�ՆϚªɟƏȐМ�£��Ŵɬ}¦²úÂ±õÐ���{ՄϚ�Ɖqª˒ϟӽ˗�£

��Ŵɬ}¦Ն�{�Մͮ¤o�ÃÐóú¹ªΑʑ}§�Ƕs�ǨӦpɫ¤§¦£l�Ѷȕ{Մ˒ϟƍӤ­ñ

¾ðÄè�£��Ϛ²úÂ±õÐ�ƉqªȐМ{�ՁǘՋՂ 

� � �  
ǘՊՒ̬̃ŤŲΓǢ B9B7 ͏�£¦ÁçìòúÁîõ� � ǘՋՒɟƏȐМ�£¦̓ϚΘ�гƉΑʑ�

UȰýÓu·uu�¤�Tuåǻ£Ȱýąuw����m[ulo��¤�Əß�

xԢǥŢՒŞƋιϐ�ȷȼ�½Õ¹ÐúèΘŔѬ̎�ӽ}¦şƵιϐªї���n¥ՄʁǨΏҏ�ǧ�s

˞{kΘŔӛƳ­ñ¾ðÄèªӻΥ{�ՆŞƋιϐ�ȷ̮�Ѯ҅ùƉĲ�£¦½çìÓ»úÁîõ����Ъ

ƉȐМʟљ�ӽ{�Մ̡̰ȐМ�ϔǩo¤̤ѱªї���ՆŞƋιϐ�ŢӢ�ҷҰ�ǧ�sɟƏȐМʟљ�ӽ

}¦ʁǨĖ˂ªїl����ՄNeuro2013 ��Ը̳Ŗϭ����ɟƏȐМ�ӽ}¦ÁõåÂ°èªӻŐ{�Ն

ŞƋιϐ�Ⱥ̌�ԜǱľưѬ̎����Ê¯ØúÂ±õÃʿȕʟљ�ӽ}¦ʁǨĖ˂ªї���ՆѰΘιϐ

A03 �Ը̮�ºñúß��̡̰ȐМ�ӽ}¦ËìúÐð­ñҒͱªїkՄϬπùπϷΡɿɿО�ÏúÉѬ̎�

ӽ}¦ʟљΨ�̤ѱªї���Ն 
xԢǥǵՒMachine Learning Summer School 2012 ��ԢǥĠћ�ӰҖ�̅ȵpËìúÐð­ñҒͱªї

kՄĐͩ�ʄɺ͊ȕ�ӽ}¦ѿԦˁĶªї���ՆBerlin BCI Symposium 2012, Korea BCI Symposium 2013
��ʪɧҒͱªїkՄπϷτȐ¡ΑİƒΓɀȐ�ιϐО�Ȥ{�̃Ԣǥ�şӋÎúæ�j¦Đͩ�ʄɺ͊ȕ�

ӽ}¦ʁǨΥľªǚԌΨ�ї���Ն  
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘjò`ȺȹȾ�¤zƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�ykՆɠůѰΘ��ǳ˷ՁιϐϷҠ�ǭԧùͧԧªƹ

�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�ykՆ 

UƜĺŎÕ�

xȫѥ̭�Đͩùʄɺ͊ȕǉԦ�Ȥ{�Մw§���ӻΥ{�ίȤ SMI �£�§¦Ȓȕɼ�ԸkʁǨӬ̨

ɸ�ʿȕӬªΓk�Մ˷�Ϭɔ�лk΅ɰӞʤ­ñ¾ðÄèªӻΥ}¦Ն�§�Ƶ˯�ՄĒċίēʁǨӬ QMI
¡ϼȤίēʁǨӬ AMI �ƿ�§¦ű�ʁǨӬ̨ɸ�ʿȕ͏�ӻΥ{Մ�§¤�˗ΏΨ�ɼҦª˪¤o�}¦

����Մ΅ɰӞʤ­ñ¾ðÄèª̩ʑ}¦Ն�{�Մw§¤̪_�ʁǨӬ�ǧ�s΅ɰӞʤªϺƳ}¦Ώҏ

İϭª̩Ϧ{ՄƲʙ͏�ŲͺùɝͺªϺûΨ�ū̎}¦����Մ£¥ŕ§�΅ɰӞʤ­ñ¾ðÄè�ӻΥ�

��v�ksՆ 
xǷѥ̭�Đͩùʄɺ͊ȕǉԦ�Ȥ{��ՄӻΥ{�ҬԸӌÃÙúÃȐМ­ñ¾ðÄèªΓk�΅ɰʦŪ­

ñ¾ðÄè�ɼЪѼĸªї�l����Մ˷�¦ɼЪˏǋªǘ¦Ն 
x΅ɰʦŪ��ʬɞՒ΅ɰӞʤ�΅ɰԑƳ�Ąo¤˼Γ�ӢūԑƳªӞ�ʙ͏�j¦pՄ΅ɰʦŪ����

΅ɰªĦʄ�ǳ˂Ձĵm�Їɢǳ˂Ղ}¦w��£��̳Ŗ˗ªŸͧ}¦ʙ͏�j¦Ն΅ɰӞʤ�΅ɰʦŪ�

�ûй�ȐМ�­ñ¾ðÄè�����ǷqsΝ�¦pՄ��Чɩ�j¦΅ɰ�˼ΓɼѼĸ�̜̃Ψ�Нm˟

�şӋ{�k¦Ն�w�Մw§���΅ɰӞʤ�ιϐ�ɫ¤§�ΏҏΨ�ζѤªɵΓ{Մ΅ɰʦŪ¡үԔѰӬ

ȐМ�ʙ͏ªӻΥ}¦Ն  
x΅ɰӞʤ�ιϐªɟƏȐМ�ιϐ�іƳ{ՄɟƏȐМ�Ȥ{�˼Γ�΅ɰӞʤù̈́ ɰʦŪʙ͏ªӻΥ}¦Ն

ɟƏȐМ�nu¦΅ɰӞʤ��ՄӋɉ�΅ɰӞʤ�Ν�¥˯Ӽ�Ȥ}¦ķȎɼՁæñ½ÝɼՂªНʉ}¦ɲѣ

pj¦��Մ˯ϭŮÏúÉªϬɔлsêÏðõº�q¦ʙ͏ªӻΥ}¦ՆŠİΨ��ՄSMI ���ʁǨӬªʿ

ȕ}¦Ԍ�Γk�ȐМʟљªɵΓ{ՄƲΆʆ�nu¦ȭɔ������sȭɔ�͂ªήʾêÏñƏ}¦w��

£¥ՄˣȎ�˯ϭŮêÏðõºʙ͏�j¦Ԏ§æñ½ÝêÏñȐМ�ɼЪªˏǋ}¦Ն 
�

UĮâčǐ�

xƇΊΨ�¿õßñŤŲΓªїlɟƏȐМ­ñ¾ðÄèՄn£�Մ¿õßño¤Ήɫy§¦ΐǬêÏñªΓ

k�̒϶ªȖÚìúæÖ¯ÑóäÌÐ�ӛΓ{ՄȖɵΓ�Ȳӻ}¦ՆŠİΨ��ՄιϐūʧО�ιϐș�Ľ˼

{�k¦ϛҵǷ•ǜԴƉÚìúæÖ¯ÑóäÌÐªΓk�ՄƉΨ�ӔƉΑʑҊԦ�Ȥ}¦їƉŷ�ΉɫªȖΐ

Ǭ�nk�Ȗ΍}¦Ն 

xԸ̳ŖùȖΐǬ�ӛΓƬЪ�ɟƏȐМ­ñ¾ðÄè�ӻΥªՄҷӗáúÃ�˺ӛƏ�êÏñ̩Ϧªїlw

��£¥Ȗ΍}¦ՆԸ̳ŖΆʆϑӼŝǥ�nu¦їƉŷ�ȪŪ�w�©¦w��sՄȖԌ�ӔƉҷӗ�©¥�

΅Ə{�ȯʗΨ�їƉŷ�˺ӛƏªїlw��£¥ՄԸ̳Ŗϭ��ɟƏȐМ�ӛɵªƬЪ�}¦̒϶�ӻΥª

έʰ}ՆŠİΨ��ՄÚìúæÖ¯ÑóäÌÐ�ƥЮƖҋƉĲ��ՄǶгΕɔpӽӎ}¦ƉĲ�o�Ѡ˗ӽϤ

�ӛŬ�ƖҋӔƉpѣ͉y§¦£l�ҊԦ�Ȥ{�ՄҷӗáúÃ�ɟƏȐМ�̒϶ªӛΓ{Մ��ɼЪªȖԵ

Ψ�Ѽĸ}¦Ն 

xȖΐǬ�nk��Մ̦ſȬ�kǓ˗�ѽїӴ҆ùȬ�kǓ˗�ΐǬ��¯õÉï¹Áîõ�£��ՄÉÃ

¹Әʑ����ӛŬ�їƉŷªΉɫ}¦w�pѣ͉y§¦Նw§�Մ΅�óäÌÐ���×úÑ°±­�ПĈ

ɼ�ԂΙ�ǉԦ�ՄȖΐǬ�nu¦Չѽї�ѣ}¦˯ӼpѰϡ̰ÁçìòúÁîõ�nu¦�§�s¤��ǜ

ŅΨ�Ӹkw���pƞǔ�j¦Նw�ǉԦ�Ȥũ}¦˟͏�{��ՄӖƠ�Ƨԑ{�¿õßñªƇΊΨ�Ť

ŲΓ}¦�kl˟ƷɼpНm¤§¦û˟�ՄȤҗ��¦ȐМÉÃ¹�Ȥ}¦ı¤o�đŹζҔpɫ¤§¦ǩƳ

�Մώ̦Ψ��§ªʼΓ}¦w��£¥їƉŷΉɫ����ѽїǓ˗ªǷqsͧ¤}w�p�q¦ƬЪɼpj

¦Ն�w�ՄȖԌ�ÚÐ�ƉĲo¤đŹζҔªΉɫ{Մ£¥Ȭ�kѽїǓ˗�ӛŬ�їƉŷªΉɫ}¦w��
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�q¦­ñ¾ðÄèªӻΥ}¦ՆŠİΨ��ՄӊɟƏȐМ�̒϶�£��ÚÐ�ƉĲo¤ӊ�ƉĲΑʑ���

�έΨӽ˗ªʿȕ{Մ�§�ǧ�k�ÉÃ¹ȐМªїlw��£��ՄȖΐǬ�˼Ƈ�œsɟƏȐМʙ͏ªӻ

Υ}¦Ն 

xw§���ɟƏȐМ�£¦̓ϚΘ�гƉΑʑ�ιϐ��ՄǨӦӽ˗ªíúÀpʙƉ�͊ȕ{ՄϚ²úÂ±

õÐ�ȐМªї©��k�Ն����ՄǨӦӽ˗�Ѷȕ�£���Մɲ~{�ŕ§�ÃÐóú¹pΑʑy§¦

��Ԃ¤�o��Ն�w�ӊɟƏȐМ�̒϶�ªΓk�ΏʂΨ�Ϛ�Ɖq�ÏúÉo¤ǨӦӽ˗ªȐМ{Մ�

§�ǧ�k�Ϛ²úÂ±õÐ�˒ϟªȐМ}¦w��}¦Ն΍ǝՄϚ�Ɖq�ÏúÉªƧԑ}¦���ÏØ¯

ÃªӻΥ{�n¥ՄĚɩՄȖԌ�ÏúÉƧԑªїlՆɪ̊�ӊɟƏȐМ�̒϶��Ԕ˕Ψ�ΆʆùїƉªȤҗ

�{�k¦��pǶkpՄ̓ϚΘ�гƉΑʑ��ՄӎϾ���ΆʆùїƉªʝlw�p˾�{kՆ�w�Մɪ

̊�ӊɟƏȐМ�̒϶�ªʬɞ{ՄӎϾ�ΆʆùїƉϑӼªήʾΨ�ʝlw�p�q¦£l�}¦Ն 
�

y̡̰ȐМΏҏù­ñ¾ðÄè�πϷǓҲ��Ȗ΍ƬЪɼ�

xĘɀÓìúïñÕÌÐôú¹�êÏñpƫšΨ�̡̰ȐМ�ūӫ�£sΓk¤§�q�pՄ��ɩ�ʁǨ

τȐΨ�̡̰ȐМʙ͏pՄ��ԸkȖΓɼo¤Ьřª͝�Ͼu�q�Ն{o{ӂɌՄǶȴÓìúïñÕÌÐô

ú¹ªΓk�͢ȴȐМ­ñ¾ðÄè�£��ՄΘŔ҃Ҕ¡ԜǱ҃Ҕ���ks�o�ɀȐΨ�ÉÃ¹�nk�

ԙɉ�Ըk҃ҔɼЪªӘʑ�q¦w�pξy§ՄĘɀÓìúïñÕÌÐôú¹�êÏñpŤ�͒έªԑ��k

¦Ն�w�Մ͢ȴȐМ­ñ¾ðÄè�ЭŢ��ʁǨũΏ̰̩��ԫĭɼùԙԫĭɼªū̎{ՄπϷτȐΨ�ζ

ѤùʁǨτȐΨ�ζѤªɫ¦w�ªέʰ}Ն 
xɟƏȐМ�ՄȐМ­ñ¾ðÄè�ΥȲ�ɋї{�ՄπϷτȐ�ūӫ�nk��Э̰Ъ�éµÓÄèªêÏ

ñƏ}¦ǧνΨ�̒϶��{�Γk¤§�q�Ն��Ą�ӂɌ�ՄɟƏȐМ�Нm˟����k�їƉϷͤȐ

Ψ�ÏúÉªπϷτȐ�Ѫͺo¤҇˪}¦ιϐ�ї©§��j¦Նû˟�ՄÚÐ�ЭpΑ�Ū}їƉª҇˪}

¦���ƇΓӽ˗ªȪqŪ}����ՄӊɟƏȐМ�̒϶�p˼Ƈ�j¦ՆӔƉŴɬ�nu¦ӊɟƏȐМ�ζ

ѤªїƉӞʤêÏñ�ɵΓ}¦w��ՄЭ�ʄɺ͊ȕéµÓÄè�Ѭ˪�ҚΈ}¦w�ªέʰ}Ն 
xóäÌÐ�ƉĲΑʑ�nk��ՄûѤѠԓ�Ѥm¦ûӎ�їƉϭŮ��Մ͂һΨƗϯ�ƦȧїƉŷª϶�

Ƴ©�¦w��£��Αʑ�q¦w�pζ¤§�n¥Մw�Нm˟ªɵΓ{�ʸԄóäÌÐ��pȖΐǬ�n

k�ŲΓy§¦£l����q�Նw�£l�ƦȧΨ�їƉŷ�πϷǓҲêÏñ�{��àÌÞŷ�ǧ�sί

ӽȐМ�£��ΉɫƬЪ�j¦Ն�w�Մw�ƦȧїƉŷȐМêÏñªՄ£¥Ӹ˿Ψ�ǨӦĐͩ�ǧ�sȐМ

pƬЪ�ɟƏȐМ�϶�Ƴ©�Մ�§�§�ȐМêÂìúñpίēўȓΨ�̰Ъ}¦їƉȐМÁÃÎèªπϷ

ǓҲêÏñ�{�Ȗѝ}¦w�ªέʰ}Ն 
 

UȰýÓu·uu�¤�Tuåǻ£Ȱýąuw����m[ulo��¤�Əß�

xŞƋιϐ�ȷȼ��½Õ¹ÐúèΘŔѬ̎�ӽ}¦şƵιϐª˷�ʿӐ{Մʒ_�ӻΥ{�˞{kΘŔӛ

Ƴ­ñ¾ðÄè�ȖѻȖԵªїlՆŞƋιϐ�ŢӢ�ՄҷҰ�ǧ�sɟƏȐМ�nu¦êÏñáúÃùêÏñ

Ýðú­ßóúË�ɂΝ�ӽ}¦ҕҏՄƣ�ՄӊɟƏȐМ�ӽ}¦̤ѱªϾu¦ՆŞƋιϐ�ȷ̮Մȹ̌Մƣ

�ѰΘιϐ�Ը̮��̡̰ȐМʟљ�ʁǨˁĶªϾuՄԢǥŝİ�ιϐʿӐ�ҚΈ}¦Ն 
xInternational Conference on Neural Information Processing 2013, Toyota Technological Institute 

Chicago 10th Anniversary Symposium ��ʪɧҒͱª}¦w�p͊���n¥Մ̃Ԣǥ�şӋÎúæ�j¦

Đͩ�ʄɺ͊ȕ�ӽ}¦ʁǨΥľªǚԌΨ�їlՆ��ՄʁǨҏΨȐМΏҏôú¹ÁîÌß 2013 �ßóºï

èȉǃӸªƊ�ՄĐͩ�ʄɺ͊ȕ�ӽ}¦ÅÌÁîõª´ú¶Ò¯Ä}¦Ն 
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ιϐԟέ A01-4 ιϐҊԦƶ գȖɓз�nu¦ÚÐ�Ҩҟʄɺ͊ȕӖϊ�êÏñƏ�ˌĲ�ӽ}¦ιϐ 

ιϐĠћОƶՁʗȳՂ ̗Δ� ˲ɐՁǾлŘϗτȐʟљǷȐԃǷȐùʁǨτȐιϐτùŨ˔ʹՂ 

Ɍɔ 
ιϐϷҠƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 19,886 12,955 1,821 1,102 3,829 179 

ɋʑ 24 Ɍɔ 
11,500 
(4,500) 

6,983 
(0) 

1,473 
(0) 

1,238 
(0) 

1,406 
(4,500) 

400 
(0) 

ɋʑ 25 Ɍɔ 8,600 0 200 1,500 6,400 500 
ɋʑ 26 Ɍɔ 8,200 0 350 350 7,120 380 
ɋʑ 27 Ɍɔ 7,100 0 100 350 6,550 100 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�y

k^ 

ιϐ�έΨ 
Ҩҟʄɺ͊ȕ�ĘӼpοĩ�Αq�ksý�̲o��k˺�Ӫѣ�ʄɺ͊ȕ�û��

j¦Ն
-).�Ɍ� 4SC?]cZZW��£��˿ɧƇΓ˺ǷƏΏҏpˁ̟y§�Ģ̊ՄϷͤȐ�n

k�ÚÐ�ʄɺ͊ȕΏҏ�˺�Ӫѣ�ҊԦ�û��{�ιϐpї©§�q�Ն˿ɧƇΓ˺

ǷƏΏҏ�ՄĘӼ�ԂȕƳΏɼªŹˁ�{�k�pՄ��ɩȖԌ�ĘӼ�ʳ¦иk�Ƴ©

�kđĵpǶ˗ξy§���ՄĘӼ�ʄɺ͊ȕ�ԙƳΏΨ�j¦�kl҃Ҕ�ŖՄїƉϷ

ͤȐ�klȐǉpΑ�§Մy¤�Óìúó¯éúÂõºʟљ�ΥӘ�īkՄπϷϷͤȐՄ

}�©�Óìúó²½Öç¹Ã�ƈж�д��k¦Ն�

w§¤ɪ̊�Ȑǉūӫ��Մʄɺ͊ȕ�ѣǔªƬЪ�Ԃ¥ͧ¤{ՄϺŴ�ƨ§�ȖԵΐ

Ǭþ�ȖԵªї��q�Ն{o{Մιϐo¤ɫ¤§�ζѤpȖΐǬՁĵm�ȖɓзՂ�ӛ

ΓƬЪ�j¦o�̤ѻ�w§���y§�w�o��Ն��ՄȖɓз��ûй�ՄŇ―Ģ

ǵ��Մ͟ҠО�ʅѧ�ѹ͉}¦Ƕ̪�қǲĻӐ˟͏pʼ¤§�k¦Ն{o{ǈǂӞʤ�

ʄɺ͊ȕêÏñ�w�£l�ʅѧŜſ¡Ȗ˯ӼΨ�̉ĥªƨ¥Ŝ§����Ȏǝ{�o

��Ն�

�w�̃ιϐ��ՄóäÌÐɀȐ¡íÛ·ÉÃ ;F�ʟљ��ʁǨ½çìÓ»úÁîõʟ

љՁ;5FՂªг;�Ȗɓз�ȪŜ{ՄĘ�їƉÏúÉՁҨҟʄɺ͊ȕӖϊՂªƧԑ{Մ΄

ΏΨùȖ˯ӼΨ�̉ĥþ��ʄɺ͊ȕӖϊ�ȖİªՄêÏñ�ȖԵ�£¥˪¤o�}¦w

�ªέΨ�}¦Ն�

�

�

�

�

�

�

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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ιϐ�̨ѣ�

̃ιϐ�ՄƯǘn£�Ģþ�ξ}£l

�ՄΖҍОĢǵ�Մɠůo¤ 3FD �ζЪ

óäÎ®¹ÃιϐʗùΐǬζЪιϐșù

șӸ�Țþ˖Ȕ�ӎˆ{�ʿӐ}¦ՆȚ

þ�w§��ģʂɓзՁ½õÛÓǢՂª

Γk�ÏÂÉñ¿¯ÕúÂ¡óäÌÐ

ªΓk�æú»Î®õºιϐ��ȖБ

ª˼{Մæú»Î®õº½õ¿ñÎ®õ

ºĩο�ʾѭ{�ϷԵ�j¦��Մ̃ι

ϐªţͮ�ʿӐ}¦ý��Ƿq�ȞĀp˿ɧy§¦ՆӸ˿Ӽ�ȖԵªȖˠ{Մɫ¤§�Ï

úÉ�ÏúÉáúÃƏՄŹũΏՄʄɺ͊ȕêÏñ�ȐМՄ��ªїl����Ƿq�Ɔſ

pɲѣ��¦��Մ̃ιϐ˿ӼĄ�ιϐǃª 
 ƶԒΓ}¦Ն�

�

̃ιϐ�nu¦Ćѣ�Ĳ̥

ԟέ�̳� ) ͺ�j¦Ն�

ȖԵÁÃÎè�ӻΥՁȚþՄ

̗ΔՂ� ȖԵÁÃÎè�ՄȖ

ԵơƁО�Ѱͩ¿ÞÁÃÎè

�ȖԵơƁО��ěŜ¿ÞÁ

ÃÎè�o¤̩ʑy§¦ՆѰ

ͩ¿ÞÁÃÎè�Ć�ՄĮЗ

ѰͩΓ�òúÀúòõÂÝ¬

¯õÊՄβΎӔƉѰͩΓ�µ

éïo¤̩ʑy§¦ՁƯǘơ

ͿՂՆěŜ¿ÞÁÃÎè�ՄĆ

�½çìÓ»úÁîõΓ�óäÌÐՄǈǂʁǨªгǝ�ˁξ�q¦ÏÂÉñ¿¯ÕúÂo

¤̩ʑy§¦Ն��

ȖԵѰΘn£�ȖԵՁ̗ΔՄȚþՄιϐǃՂ�

æú»Î®õº½õ¿ñÎ®õºĩο¡�w�ӽ©¥p͢sȖԌ�ɓзªˁĶ{�s§

¦ɓзŌ�Ђȟ�ʛ�Ƴ©�ª{�p¤ՄȖԵѰΘªĲʑ{ՄȖԵÁÃÎè�ƉĲλ҃Մ

Ù¯óÌÐȖԵn£�̃ȖԵªЖ¥Ӄ}Ն�

ÏúÉѬ̎Ձ̗ΔՄιϐǃՂ�

ʄɺ͊ȕêÏñ�ӻΥ¡ՄŹѴÙ¯óÌÐȖԵ�£¥ɫ¤§�ÏúÉ�ÏúÉáúÃƏՄ

ŹũΏ¡Մʄɺ͊ȕêÏñÙïéúÉ�ʿȕ���ƨ¥϶�Ն�

�

�

�
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{z΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�y

k^�

ιϐ˿ӼŢ�zıª�w��˪¤o�{£l�}¦�o�

óäÌÐɀȐ�íÛ·ÉÃ ;F�ʟљ�� ;5F ª͗Γ{zϺŴy§�ȖԵșŢ���

sՄг;�Ȗɓз�ՄĘ�їƉÏúÉՁҨҟʄɺ͊ȕӖϊՂªƧԑ{Մ΄ΏΨùȖ˯

ӼΨ�̉ĥþ��ʄɺ͊ȕӖϊ�ȖİªՄêÏñ�ȖԵ�£¥˪¤o�}¦Ն̃ιϐ

��ȖԵ�Մħ̥�ӎˆ}¦w��£¥ՄȖɓзՁ�����ûӢՂ�Ȗˠ}¦ՆӸ

˿ӼՄѠ˗�ȖԵơƁО�ҨҟӖϊՁĮЗՄѦЇՄǈǂӞʤՂ¡ՄȖԵ�ͼӽĺ�ȗ

�ĮЗʁǨªѴӵƬЪ�j¥Մo�óäÌÐՄÏÂÉñ¿¯ÕúÂՄԜǱˑӈ���

ҨҟӖϊ�ʅѧΨ�ěŜƬЪ�ȖԵÁÃÎèª̩Ϧ{ՄȖɓз�ѶЗ}¦Նɫ¤§�

ÏúÉª҇˪}¦���ՄҨҟʄɺ͊ȕӖϊ�êÏðõºªїlՆϷͤȐ�nu¦ˣ

Ȏ�ʄɺ͊ȕՁԔ˕Ӟʤū̎ՂêÏñ¡Մ̃Ԣǥ�ĝËúèo¤ˁ̟y§¦ѰΘ�ɟ

ƏȐМêÏñ¡πϷǓҲêÏñªơН�{��ՄʅѧŜſ¡Ȗ˯ӼΨ�̉ĥªƨ¥Ŝ

§�êÏñª˞��ˁ̟}¦ՆԸkĐͩɼЪªʯ�êÏñpɫ¤§§�Մ�§ªΓk

�͟ҠО�ҨҟїƉ�ˎ˄¡ՄɓŌ�ʄǘ�ɪ��ҨҟїƉ�ˌĲpƬЪ��¦�Н

m¤§¦��Մ˞{kæú»Î®õº˟͏�ˁ̟���p¦w��˿ɧy§¦Ն  
΍ǝ�w��ιϐpӐȲ{�k¦�o�

tȖԵÁÃÎè�ӻΥ�

ȖԵÁÃÎè�Մȗ�Ѱͩ¿ÞÁÃÎè�ȗ��ě

Ŝ¿ÞÁÃÎè�o¤̩ʑ{�ՆѰͩ¿ÞÁÃÎè

�Մȗ�ɓзŢĮЗѰͩΓ�òúÀúòõÂÝ¬¯õ

ÊՁ!D8ՂՄԨƷq��ҵİȊƌʁǨѰͩΓ�͢ɔÅõ

¿n£� D94 µéïՁƯǘՠՂՄԣӢѝγǢ�βΎӔ

ƉѰͩѝЗ¡ӂҩǵūř͏�£¦Э͗ƉѰͩѝЗՄn

£�Ҩҟǈǂλ҃Γ� BAEՁƯǘ՞Ղo¤̩ʑy§¦Ն

ěŜ¿ÞÁÃÎè�Մ½çìÓ»úÁîõΓ�óäÌ

ÐՁƯǘաՂՄǈǂʁǨªгǝ�ˁξ�q¦ÏÂÉ

ñ¿¯ÕúÂՁƯǘ՟ՂՄ��ǈǂˁξÉ¯çõº

ŴɬѝЗo¤̩ʑ{�Ն�

uιϐ�ӐȲ�

ՉՂȖɓз�nu¦ȖѻȖԵ� �

� ̃ιϐ��ՄǷӾɅ�ȖѻȖԵΓ�ȖɓзªŲ

Γ{�Նw�ɓз��ͅӼ̥ОpǛΒɓª˰Ӌ�

Ǐ̥{�k¦ĄՄǷӾɅ�ȉѳđ̥�{���г

Ε�ȖѻȖԵpѷy§¦�klՄāΙ��ω�ɓз�j��Ձý�ǘՂՆw�ɓз�n

k�Մ�~ !D8 �£¦ȗ�ƉЇÏúÉpƨɫƬЪ�j¦w�Մ½õÛÓ�Ν�¥ȗ�ɓ

зͯǝ˯Ӽpo�¥Ӹkw�Մ��óäÌÐªѶǍggdTtd¥ȗ�ƉЇpóäÌÐ

�ŉ¦w�pλ҃y§�ՆϾk�ǛΒȱ�΅ɼªНʉ{�½çìÓ»úÁîõªóäÌ

Ðpȗ�їlw��£¥ՄǛΒ�ǲýïõ·õº� 
 Į� ( Į�ǈǂ�ǲ¥ývªӊҹ

y�¦Ù¯óÌÐȖԵªїkʑƀ{�ՆŠİΨ��Մ�§¤�ǈǂªă�Ąǻ�óäÌ
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ÐªЗqՄȗpȞ��s¦�b҉����ҟlocªҦǉ{Մȗp�lǓϞ{£l�b�

§�¤w��pkk£c�ǲý ( Į�ǈǂªɲ~ʿя{�Նȗ�ǛΒªßòÆõÐ}¦

Ȥҗ�êÏñªΓk�p¤ǈ

ǂѼĸªї��k¦�Нm¤

§ՄóäÌÐ���ʄɺ͊ȕ

Ӗϊ�ěŜ{����Нm¤

§¦Ն�

ՊՂȖɓз�nu¦ǧνιϐ�

Ȗɓз�nk�ՄԣӢѝγ

Ǣ�βΎӔƉѰͩѝЗ�Э͗ƉѰͩѝЗ�Ƶ˯Ѱͩ�£¦ǧνιϐ�ƨ¥϶«�ՆβΎ

ӔƉѰͩѝЗpΓk¦ӂҩǵř¡Մɓзǵo¤�г;řՄɓŢ�Ԗ͸pЭ͗ƉѰͩѝЗ

�ǵčªĀm¦w�pūo��Ն	
 ̚�Ȼ͖џĲʗ�Ɩſ{�ՄßóúÞ�ſȐΨɥԝª

�q¦�uou�k£lӜřªїlw��£¥Մ��ɥԝªƓū�įͧy�¦w�p�

qՄǈǂ̤ѱ˯�βΎӔƉ�Э͗Ɖ�Ƶ˯ѰͩpƬЪ�j¦w�pλ҃y§�ՁýǘՂՆ

̃ʁǨ�ԖȌʁǨӋľȐĩǁ˛҂o¤ķԤªƩuՄѬ҇Ѵđ�ûӢ�{�ʢύ{�Ն�

ՋՂģʂɓз�nu¦ǧνιϐ��

� ՉՂ�ϴě{�ȖѻȖԵΓȖɓзpǷӾɅ�˟Ӯǳ

˷�£¥Ӻɓ{�{�����ՄιϐșŢ�ģʂɓз

ª̩Ϧ{ǧνιϐªӐ��ՆǈǂӞʤ�Ԍ�ѦЇʁǨ

o¤ʄɺ͊ȕ£¥ƓūŹ�Ӟʤ}¦ǈǂpʿȕ�q

¦w�©o��Ն��ՄȖԵѶȕª˘m§�ՄԨ˟Ʒ

o¤ѦЇ˟Ʒpʿȕ�q¦w��©o��	
 Ưǘ�Նy

¤�ՄĒǈǂɟŴӞʤҊԦ�nk�Մ´õï¯õ�Ԩ

˟Ʒo¤Ӟʤy§¦�ʿȕy§¦ǈǂ�ÏÂÉñ¿¯ÕúÂ¡óäÌÐ�ěŜ}¦ȖԵ

ªї���w¨ՄǷǳжƾ͢kw��ՄóäÌÐ�£¦ʄɺ͊ȕӖϊů˿�ěŜ��Ƈ̑

pj¦pՄʄɺ͊ȕήŹ�ěŜ�ӊƇ̑�j¦w�pūo��Ն�

vўҮ�

ՉՂ� ȖѻȖԵƬЪ�Ȗɓз��k�˗ĥĖͥªӐ��n¥ - ˻Ģԁ�Ά͎pλȕ}¦

Đȕ�j¦ՆՊՂŹѴԨ˟Ʒʿȕ�͢ɔÅõ¿ªΓk�ї��k¦pՄ̃ѰΘΌ

�nu¦͢ɔÅõ¿ŲΓʟљpш{sƷý{���Մæ°Ã�їƉѰͩ��ɵΓ

ªʿӐ{�n¥ՄԢǥéõØ��ӎˆѰΘ�ӐїĄ�j¦Ն�

�

�

�

�

�

�

�
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘ

jò`ȺȹȾ�¤zƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�yk^ɠůѰΘ��ǳ˷Ձιϐ

ϷҠ�ǭԧùͧԧªƹ�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�yk^ 
϶Еǳ˷n£�ԢǥŢӎĺ�

:(, Ɍɔo¤ՄӂΞǷȐϷǏȐӢ�Ⱦ͓̳̇Ձ˔ʹՂpӎˆƖſО�{�ơƁ{�k¦Ն

Ⱦ̇�ϴě�£¥Մˣ�ɓз½õ¿ñÎ®õº̥О˗ĥ�Ėͥ�Ŝ��k¦Ն��ՄȖɓ

зȖԵ�nu¦ěŜÁÃÎè� 3cU[S?bSR�DSOZWbg�	
 3D��²úÂ±õÐªΓk�şƵιϐ

��ՄѠ˗�şƵѰΘª΍ǝϔ̟Ą�j

¥Մ��ԌȾ̇�ɩ˿ҊϊȐΑ�ȐΑ�

ƃſpɫ¤§¦Đȕ�j¦ՁȐΑ�Ƙǯ

ưƨɫ�ӽ©¦ιϐ�ƹ�§¦Đȕ�j

¦ՂՆ�

��ՄɠԢǥŞƋΌĠћ�ȻΔ˖ǯp

ӸȼɅ�Ӑ��k¦ѪřßóÂ±¹Ð�

nk��ՄȻΔ£¥ɠѰΘΌ�ơΘpɟ

sʛѺy§�k¦Ն΅�ՄȻΔ�οĩȖ

Ե���£l�ќԵОªɄqҿ«�ȖԵ

��k�ՄȖԵѰΘ��k�­Ñö¬¯

Ãp̵{k�klw��j¦ՆɠѰΘΌ

�{��ǷǳлkơΘ�̰ĩ��¤m�n¥Մ- ˻�ҁϳªѾ�Մ:(, ɌɔŢ�Ӹȼ��ş

ƵȖԵ�Ȗˠªέʰ}Ն�

Ģý�ǳ˷ªƦˬ{�϶ЕǘªƯ�ξ}Ն�

�

Ȗɓз�nu¦ȖѻȖԵ�

� ιϐ�ӐʶΆ͎�Ӆ��bǲýïõ·õºӊҹҊԦc�Ӹ˿ӎϾȖѻȖԵ¡ՄT#;DE �ǧ

νιϐªȖɓз��їlɲѣpj¦pՄǷӾɅ�˟Ӯҹ˂�£¥ŹӅ�ȖɓзpӺɓ{�

{�����Մ΍ǝģʂɓз�nu¦ǧνιϐªӐ���ՄŹӅ�£l�ɓз½õ¿ñÎ

®õº̥ОՁæú»Î®õº̥ОՂ˗ĥ�ĖͥªӐ��k¦Ն�- ˻��Ěɩ�ѤӋ{pѤ

m�s¦Đȕ�j¦ՆȻΔ��ӎˆ�ՄƗ�ȻΔ�ȖԵѰΘªˎ˄}¦�u��sՄʒ_

�ιϐªʯ�ҿ�w�p�q¦ƬЪɼ�j¦�Ѥ�k¦Ն�

��ĝՄȖ΍ƬЪɼ�Ըs�kpՄɠԢǥѰΘΌĠћ�Ը̮сɣ�Ɩſªɫ�ՄėӣǷ

ȐƒȐӢϬπτ΢̢Ϣҽ�½õÛÓ²õÃÃÐ­�ŲΓ�̤ѱ}¦ՆɠԢǥÓìúÃòÉ

úd]Z�) �̗Δ�Ը̮�ȤҌ{�£l�ՄϬπΡɿɿО�ÃÐ­��їƉpՄïäŢȖԵ

�ϸ̑o¤Đͩy§¦їƉ�okԔ{�k¦ƬЪɼªҋ̘}¦���j¦Նw§� - ˻Ģ

ԁ�ĖͥªӻȈ}¦Ն�

� ȖѻȖԵƬЪ�Ȗɓзpλȕ̳ϙՄûйȗªȖԵơƁО�{�ՄҨҟʄɺ͊ȕӖϊ�Ѫ

ȡ�Մ�§�ǧ�k�ÏÂÉñ¿¯ÕúÂ¡óäÌÐՄ�� 3D óäÌÐ�£¦ěŜȖԵª

їlՆ��Մæú»Î®õº̥Оo¤�΍ǩ�ʄѤªǶ˗�¤��n¥Մ�§ªƦˬ{�

˞��ȖԵ¡ȖԵѰΘ�Υ˪�ɲѣ�j¦Ն�l��u§�ՄȖɓз��ȖѻȖԵ�Ȗ΍

pԕ{k�klw�pūo��q�o¤�j¦Ն�
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� ��ՄӸȼɅn£�ȻΔ��şƵ��k��Մ��£l�ҚΈp�q¦o� - ˻Ģԁ�

q¦�u˧sŠİΨ�ίҌªїlՆ��Մ�{ėӣǷȐƒȐӢϬπτ΢̢Ϣҽ�½õÛÓ

²õÃÃÐ­pŲΓƬЪ��§�ՄģʂɓзʟљªÃÐ­�ʯ�ҿ«�ՄϬπ΢ɿО�Ҩ

ҟїƉѪȡªїlՆ��

�

ģʂɓз�nu¦ǧνιϐ�

� ιϐ�ӐʶΆ͎�Ӆ��bԨ˟Ʒo¤�´õï¯õʄɺ͊ȕʿȕ

�ěŜc�ιϐ�Մy¤�ќԵО�ѥ̭ªʬǷ{�ҏ˛ʢύªїlՆ

��ՄT#;DE ιϐ��k��Մ:(
 Ɍɔ�ҨŜ{�êØ¯ñǢ�Э

͗ƉѰͩѝЗՁƯǘՂ�ıp�w��Ѱͩ�q�loҋ̘ªӐ�¦Ն

#ScC][OCYSbW?U �{�ʄƾ�j¦Ѱͩp�q¦�©o§�ՄǾл

ŘϗǷ�ňΏȉǃĩ�ňΏΖҍªїkՄȖɓз��ȖѻȖԵªέʰ

}Ն�

�

��ĝ�

� ιϐ�ӐʶΆ͎�Ӆ��bæ°Ã�їƉѪȡcʟљ��k��Մˣ�΅ѷ�ŪԪĄ�j¥Մ

ΏƏȐιϐʗ��şƵιϐ¡ՄџӍ̥ħ̥��ȉѳǿϮ�ͤ«�n¥Մ:(� Ɍ�ˤ̃ȖԵƉ΄

Ȑĩôú¹ÁîÌß��ʪɧҒͱ�ї��n¥ՄǷǳæ°ÃιϐОo¤˿ɧªou¤§�k¦Ն

̃Ԣǥ�nk��ՄӰҖѰΘΌ��ӎˆ�͊ȕ{�n¥Մ��ĝıĥo�æ°ÃªΓk�k¦

ιϐО��ӎˆ�Ӑ��¢sՆ�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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ιϐԟέ A02-1 ιϐҊԦƶ êÏñáúÃΨʄɺ͊ȕªƬЪ�}¦πϷǓҲ�ӽ}¦ιϐ 
ιϐĠћОƶՁʗȳՂ ǟý� ԐӗՁ΋ȾǷȐùЭτȐιϐʗù˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 22,500 13,263 6,962 198 2,074 3 

ɋʑ 24 Ɍɔ 14,600 4,942 4,631 418 4,567 42 
ɋʑ 25 Ɍɔ 14,700 0 5,000 1,200 8,000 500 
ɋʑ 26 Ɍɔ 11,100 0 1,600 1,000 8,000 500 
ɋʑ 27 Ɍɔ 11,100 0 1,600 1,000 8,000 500 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�yk^ 
ιϐ�έΨՒ�

ʄɺ͊ȕ��zѠ˗�ӞʤХ�Ąo¤£¥лkϸ̑ª��¤}��ªӞ�Ū{zȖї}¦w��j¦^Ӟʤ

Хp��¤}�Đʂy§¦ǨӦ�И�ЄǁªĸŇ�ƿ�zw�ĸŇ�ΑʑßóÅÃpς���ʄɺ͊ȕª΅ɰ

�u¦^ӂɌ�ɱΏȐùπϷτȐΨιϐ�zς���Э�Ą�Ѡ˗�ʄɺ͊ȕßóÅÃpȎǝ}¦w�ª˪¤

o�{��j¦^đҗ�ǨӦ�ϷԵΨӽĺªȗѪΨùλΊΨ�ϸ�Ğu�ĸŇªѰϡ}¦ßóÅÃ�zêÏñ

ÝðúÁÃÎè�ƿ�§zήʾϷԵ�£��ɢʑy§�ӎƳª̨ɸ¡ҏΏ�£��ϸ��uzήʾϷԵ{�k

�kĸŇ�ĐͩªƬЪ�}¦ßóÅÃ�zêÏñáúÃÁÃÎè�ƿ�§¦Ձ6]gO��
///1�6Oe�Sb�OZ���(&&�1�

KO[O[]b]�Sb�OZ���(&

Ղ̂ ˺ϵΨ�ʄɺ͊ȕ�zw§¤�ßóÅÃ�Ɩҋ�ϘƳ�£��ʑ¥ϔ��k¦^΅

�zÚÐª΅ɰ�u¦Ѡԓ�Ű˝Ъſ�zÁçìòúÁîõƬЪ�ŢӢêÏñªʯ�êÏñáúÃÁÃÎè�

j¦�Нm¤§¦^w�̰Ъ�ΏѬ�zÚÐ�ʄɺ͊ȕ¡ɺН�΅ɰ�ΏѬ���p¥z�k��ĘӼ�τȐ

ΨΏѬ����p¦^{o{z��£l�πϷéµÓÄèp�§ªƬЪ�{�k¦�o��k��z����

«�©o��k�k^ÚÐ�Э̰Ъªzҁϳ�òáñ�ҋ�¦w��ʟљΨ�ԕ{k^��zŹԣŹӫ�ΥӘ

ṕ΀�v�‐ԫ��zêÏñáúÃΨ̰Ъ�ƓūΥӘ{�k�k^��ʄƾ�zÚÐ�ʄɺ͊ȕιϐ�êÏ

ñƉ΄�{�z¿ñªĴ��ιϐ�̦��ʄƾpǷqk^�w�z̃ßóÂ±¹Ð��z��ǧνΨ�éµÓ

Äèª˪¤o�}¦���z¿ñªќԵİ�{�zŹԣŹӫ�ǷЭǧɒ̛Ї̉İ�Ѡ˗�Ԗ̦ªŵŜ{zƗû

Óìúóõ͗Ɖ�ȯʗǩԖĮªѴӵzίēĲΓ�Ѭ̎ªїl^�

� êÏñÝðú�êÏñáúÃʄɺ͊ȕßóÅÃ�ӽ©¦Ƕs�ιϐ��zŹО�ǷЭǧɒ̛zɩО�ŹԣŹ

ӫp��̰Ъ�ĄɱΨɦŽªʧl�ģȕ{�k¦pz��đ�z��ȖԵΨ�˪¤o�y§�đȖ���k^

��zԸɔ�ӐƏ{�ÚÐ�êÏñáúÃÁÃÎè�΅ɰ�zȖԌ�ϷԵ{�Ѡ˗�đҗ�ǨӦ�ӽĺªЭŢ

�ϸ��uzϷԵ{�k�kΆ͎�Đͩª}¦w��j¦^w�£l�zήʾ�ȐМ���kzȐМ{�ʁǨ

�ʁǨªϸ��uz˞{kʁǨªĲ¥Ū}πϷéµÓÄèՁʿҏՂ�z�w�j¦�oՖ�

{�p��z̃ßóÂ±¹Ð�ȖԵΨέΨ�z̳�£l��¦^�

ՉՆŹԣŹӫ�ǷЭǧɒ̛�ʿҏ�ӽ©¦̰ЪΨәkª˪¤o�}¦^�

ՊՆѬźȐΨ�½Õ¹Áîõªʯ�zŹԣŹӫ�ǷЭǧɒ̛�ʁǨũΏ�z·ϔ�ї©§�k¦�oՖ

�§��ίēĲΓpj¦�oՖj¦�}§�z��£l�ίēĲΓ��oª˪¤o�}¦^�

ՋՆʿҏªƬЪ�}¦̰ЪΨzπϷΨéµÓÄè��k�zȖԵΨ�̤ѱ}¦^�

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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ιϐ�̨ѣՒ�

έΨՉՆŹԣŹӫ�ǷЭǧɒ̛�ʿҏ�ӽ©¦̰ЪΨәkª˪¤o�}¦^�

Ƕs�ιϐО�zêÏñÝðúÁÃÎè�ǷЭǧɒ̛Ї̉İpzêÏñáúÃÁÃÎè�ŹԣŹӫpz�§

�§ĄɱΨ�ɦŽª̑�}�Нm�k¦Ձ��m�z6Oe�Sb�OZ���(&&�Ղ̂ ʒ_�zw�w�ª̤ѻ}¦��

�zÓãõÀñ�ʿҏҊԦՁBO?�Sb�OZ���(&&.ՂªȐМy�z��ҊԦӑїĄ�¿ñ�ǷЭǧɒ̛Ї̉İ�Ź

ԣŹӫǵŌӢo¤ƗûÓìúóõ͗Ɖ�Ѵӵªї��ՁҊԦ�̨ɸǘ�ǘՉơͿՂ̂ w�ҊԦ�zǷǨӦѽї

�ȫǨӦѽїo¤�¥zƺξy§¦Ѧѧŵʹ�£¥zѽї�˺ɩ�Ām¤§¦ǨӦpzǷǨӦoȫǨӦoªĐ

ͩ�q¦£l����k¦^êÏñÝðúÁÃÎè�ǨӦªĐͩ}¦ǩƳ�zŵʹ�ǨӦ�ӽĺªj¤o|�

ήʾϷԵ{ȐМ}¦ɲѣpj¦^û˟zêÏñáúÃÁÃÎè�zŵʹ�ǨӦ�ӽĺªήʾϷԵ{�k�s�
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ιϐԟέ A02-2 ιϐҊԦƶ 
Đͩ�ʄɺ͊ȕ�πϷǓҲÊ¯Òç¹Ã�Ѭ˪�ӽ}¦ιϐ 
 

ιϐĠћОƶՁʗȳՂ ӰҖ� Ҥ͍Ձ͋→τȐʟљǷȐԃǷȐùτȐʟљιϐτù˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 61,800 51,251 9,236 1,095 30 188 

ɋʑ 24 Ɍɔ 13,500 5,691 6,028 1,654 0 127 
ɋʑ 25 Ɍɔ 12,800 1,000 1,000 5,300 5,000 500 
ɋʑ 26 Ɍɔ 12,900 2,000 1,000 3,000 6,000 900 
ɋʑ 27 Ɍɔ 12,200 2,000 1,000 3,000 6,000 200 
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� H24Ɍɔ�zýѴ�æ°Ã�їƉȖԵϭ�ĒřȌԩɮӶªΓk�zǷЭΩҦÓìúóõ͗Ɖ�řȐѴӵȖԵ

ªӻȈ{�^їƉҊԦ�{��Ģþ�Ջ�ªΓk� 1̂) ɁƯo¤�Ԝŵʹ�l�΂˟�ɩ�”ǨӦªĀmzĐ

ͩΨðÌ·õº�˼ͼ�ǨӦĐͩªѼĸ}¦ҊԦ 2̂) Ԝͬpæ°Ã��©¥ªΝ�¦ӌɔ�ƼǓ{zûȕĮЗ

�ųӘ}¦�”ǨӦªĀmzĐͩΨðÌ·õºo¤ǵΙ�ΆʆĐͩªѼĸ}¦ҊԦ 3̂) æ°ÃpŹӐ}¦�Ԝ

ͬĮЗpʾӂ{zԜͬ�˺ʾӂ{�˯ͺ�ðÌ·õºªїl�”ǨӦªĀmzїƉ�£¦ΆʆǳƏ�ĐͩªѼ

ĸ}¦ҊԦ^ 
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-2.5 mm anterior,  
1.5 mm right  
from  
bregma 

Akihiro Funamizu1,2, Bernd Kuhn1, Kenji Doya1 

Investigation of neuronal activities in posterior 
parietal cortex by two-photon microscopy 

1䠖OIST Graduate University, 2䠖 JSPS research fellow (PD) 

Results 

Secondary motor cortex (M2) and PPC 

- Mouse is head 
restrained under the 
two-photon microscope 
while their limbs rest on 
the ball’s upper surface 

Speaker 

Pipe 

2:  

Reconstructing 
neurons in PPC 

Conclusion 

Neurons were reconstructed with a z-resolution of  
2 Pm starting from the brain surface down to 700 Pm 
Neurons in layer2-3 were labeled 

3 Tone conditions: 
1: 100% in 2 rounds 

3: First 1/2 round 

Sound duration: 
Reward amount: 

Reward probability: 90%  12 sec (6 sec / round) 
6 Pl or 2 Pl, changed in every 15 trials  
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2 Pl 

Condition 1 

Condition 2 

Condition 3 

Sound localization task 

Setup for two-photon 
microscopy 

- In the Pavlovian conditioning, the licking behavior of mouse depended 
on the amount of reward 

To investigate the populational neural coding of posterior parietal cortex 
(PPC) in reward-based decision making task using model-based 
prediction of hidden states 

Two-photon microscopy: 
- Adeno-associated virus (AAV) delivering the gene of G-CaMP was injected into PPC 

First 1/2 round and 

Licking behaviors in rewarded trials 
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The number of licks increased 
at 6-Pl rewarded trials 

after every 120 degrees 

Objective 

123 Pm from 
brain surface  
Sampling rate: 
3.49 Hz 
151 neurons 

100 Pm 

0 -2 -4 -6 2 4 6 8 
Time from reward (sec) 

Sound source localization task: 
- Mouse gets a water reward when a 
moving tone reaches a particular position 

One trial 
Calcium imaging of one mouse 
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Neural activities were temporally 
distributed through a trial 

Neural activities of PPC at layer 2-3 were recorded at 
6 different depths (123 – 288 Pm from surface) 

We conducted calcium imaging with the G-CaMP expressed in layer2-3 neurons 
in posterior parietal cortex (PPC) of mouse during Pavlovian conditioning 
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: Lick 
: Reward 

(2Pl per drop) 

: Sound 
: Hidden 

sound 

T = 0 

- Locomotion of mouse 
is captured by an 
optical USB mouse 

- Tone is continuously presented: 
Mouse always knows the sound location 

- Tone is sparsely presented: 
Mouse needs to estimate the sound 
location for predictive licking 

Sound source moves around the mouse 2 rounds either in 
clockwise or anti-clockwise, and a reward is given after 1 round  

100 Pm 

140 Pm from brain 
surface 
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Examples of tone-induced neural activities  
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Time from tone onset (sec) 

- Among the 797 neurons, 610 neurons (76.5%) 
were tone responsive (two-sided t-test, p < 10-4) 

Principal component analysis 
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Tone condition 
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- First and second 
principal 
component (PC) 
showed the tone 
existence and 
onset, respectively 

- Third PC showed 
the rotation 
direction at the 
tone start 

100 Pm 

Locomotion 
1 10-10 10-20 

2013/3/19 mouse#77 

Licking 
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Value 
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Sound 
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# 81: Continuous tone 

# 72: Tone onset 

# 84: Rotation direction 
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# 134: Trial start 
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- PPC neurons 
represented the 
various features 
of tones 

M2 PPC 2013/5/8 mouse#01 

Compared with 
M2, the neurons 
in PPC mainly 
represented 
sounds,  
although the 
represented 
sound-features 
varied 

- Anticipatory licking behaviors were observed, suggesting that the mouse 
predicted the reward presentation 

- In two-photon microscopy, we recorded the activities of 797 neurons from 
one mouse, and 610 neurons (76.5 %) were tone responsive 
- The tone-responsive neurons represented various features of tones,  
(e.g., continuous tone, tone onset, tone-rotation direction and trial start),  
but they did not strongly show the tone-azimuth or tone-azimuth-predicted 
representation 

The color boxes 
show the neural 
activity for 6 different 
tones in each trial 
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number of trials: 
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Z-score 

Compared with secondary motor cortex, neurons in PPC represented mainly 
auditory inputs.  PPC responses were not correlated with the reward 
prediction (value), suggesting that PPC works as sensory detector. 

Sound: Harmonic sounds (2, 4, 8, 16 and 32 kHz, 100 dB SPL) 

: Reward onset 

T = 0 Reward onset 

(Tended to have azimuth selectivity) 

: Sound presentation 

: Sound presentation 

In each neuron, the mean activities during the 
6 different tones are shown with Z-score 

: Reward 
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ʆĐͩ�πϷǓҲ�nu¦ȖİªzӔƉŹӫ�ԣԞӎƳӫo¤�πϷ͗ƉѴӵ�Ѭ̎�£¥˪¤o�}¦w�

ª�z}^ 
 
ՊՂêÏñáúÃ�êÏñÝðú�ʄɺ͊ȕ�πϷǓҲ 
êÏñáúÃ�ʄɺ͊ȕҊԦ�ӻΥ�nk�z��Ɨ�ĐͩêÏñªĴl�˼Ų�Ά͎ªΓʄ}¦�u��z

ȖԌ�ïÌÐ�ɲ~{�êÏñáúÃ�ʄɺ͊ȕªїl©u���kw�p˪¤o����^�w�êÏñá

úÃ�ʄɺ͊ȕªĻ}ʅѧzӔƉzΐǬ�̉ĥª˪¤o�}¦w�p˞��ιϐҊԦ�{�ƨ¥϶�^���

�zԜ���ʅѧŵʹ¡їƉɵϞ�̉ĥª̪_�ǳm�zՋ̳ŖêúÁîõÐïÌ·õºÁÃÎèª͗Γ{Ȑ

МӖϊ�әkª˪¤o�}¦^ 
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ιϐԟέ A02-3 ιϐҊԦƶ ʄɺ͊ȕπϷǓҲ�ƬѦƏ�ˌĲ 
ιϐĠћОƶՁʗȳՂ ȶ̃ęՁՁ·ՂΏƏȐιϐʗùЭτȐЄƳιϐÅõÉúùżÅõÉúӸՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 14,800 4,842 6,975 69 2,911 3 

ɋʑ 24 Ɍɔ 9,800 0 4,520 93 5,187 0 
ɋʑ 25 Ɍɔ 9,900 0 3,000 400 6,500 0 
ɋʑ 26 Ɍɔ 9,300 0 2,400 400 6,500 0 
ɋʑ 27 Ɍɔ 9,300 0 2,400 400 6,500 0 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�yk^ 
ĖƟ�ƃƭưƕ¯ƪŕħƞÈĕơż4ØƆ�ƃƭưƕÚÍƍƜƟżß`ÚÍƲ¯IƟƑƯƕƩƠġ4.�ǗǤƼǠǛƲ��

ƏżƔƠVƔƠVƛ¯ōƠġ4ǗǤƼǠǛƲŎ�ƑƯƌƜƛƀƯŽ 
Ů F
ťƠĖƛơżƌƠƬƂƞġ4ǗǤƼǠǛƠ��ƜŎ�Ɵơż��ƠƬƂƞ�ĴƆ�HƎưƚƁƯŽ 
Ů ę,Ɔ“ƁƘ”“ƝƌƟƁƕ”ƜƁƗƕżĈ«éƅƘûŚéƟZ5ƑƯDMƠ+¶�Ɯ“ę,”ƜƠØÞéśƱƮƟƘƁƚƠ�
UơżÏŨ(hippocampus)ƛOĎƎưż�¾�Ʋ�Əƚ3ƃƭưƕ�4é�!-¦ƜƜƪƟ]ĖTx½Ơ#R½ǩnucleus 
accumbensǪƟ�ƃƭưƯǩN 1ǪŽÚÍƟ�Ɛƕġ4ǗǤƼǠǛơż]ĖêĽżTx½żĨwƠöĈąĔƆƘƞƆƗƚ�ƭư
ƯêĽ•Tx½ǧĨwǢǨǗƠöĈKĿƟĝƃƭưƚƁƯƜđƃƭưƚƁƯŽ#R½ơż�!-¦Ɯ�ƗƕDMƠÚÍƟś
ƑƯ'2�UƠ'2ƟTƙƇżêĽ•Tx½ǧĨwǢǨǗƅƭÉƏƁġ4ǗǤƼǠǛƲŎ�ƑƯƕƩƠ�ÕƜƏƚŕħƞÈĕ
ƲĜƞƗƚƁƯƜđƃƭưƚƁƯǩN 1Ǫ[Grace AA. Brain Res. Brain Res. Rev., 31:330-341, 2000]ŽƦƕż#R½Ʋ�ƏƚŎ�
Ǝưƕġ4ǗǤƼǠǛƲdġƏƕƟƪƅƅƱƭƒż��Ŝ9ƫUŔƠÛ�ƜƁƗƕìéƲŌ�ƛƇƞƅƗƕV?ż�Ėƫ�

ĖƅƭĆĖƟ'2ƑƯǝǐƴǚǦöĈąĔƆ�4Əżġ4ǗǤƼǠǛƲĝùƑƯêĽ•Tx½ǧĨwǢǨǗƠöĈKĿƠœ
ČƟZ®Ɔ3ƱƯƜđƃƭưƚƁƯŽ 
Ů F
ťƠĖƛơż�¾�ż]ĖTx½ż�Ėƫ�ĖƠǝǐƴǚǦąĔƞƝƠżġ4.�ǗǤƼǠǛƠ�üƤƠś�ơõƎ

ưƚƁƯƆżƌưƭƠţSƆǗǤƼǠǛƠ�üƫŎ�ƟƄƁƚƝƠƬƂƟî
�àƑƯƠƅơżƁƦƖ�©ƞÕƆ\ƁŽ 
 ƔƠÞâơƁƉƘƅƀƯƆżÙƟĦ£ƠţSƠöĈÎ4ƲA«ƟǝǎǆǨƛƇƯǝǊǢ4ØƆƞƁƌƜƆƀƋƭưƯŽǔǋƲ
CƩƕF
ťƠĖơ]ƇƑƈƚż(�ƲƢƜƘƠǀǂǉǛƜƏƚĪfƑƯƌƜơƛƇƞƁŽ 
Ů ¯ńƠòúƅƭżóūŭťƠĆĖƪżF
ťƠĆĖƠT±ÃŇƟî�ƑƯÃŇƲƪƗƚƁƯƌƜƆõƎưƕ[Wulliman and 
Mueller, J.Comp. Neurol.475:143-162, 2004, Portavella M et al., J Neurosci. 24:2335-2342. 2004.]ŽèßŊøƟƄƁƚżF

ťƠ[^ơĘ+ǩevaginationǪƑƯƆżóūŭťƠĆĖƛơ[^ơ[;ǩeversionǪƑƯǩN 2ǪŽƔƠĉºżF
ťƠ]ĖƠ
ē#��ŒƟƀƯÏŨơżóūŭťƛơ[^Ơē[#ƟżƔƏƚF
ťƛơ]Ėė[#ƟƀƯ�¾�ơżóūŭťƛơ

[^Ơē)#Ɵî�ƑƯƜ�fƎưƯŽƎƭƟżĆĖƜĖƠ�ƠţSƜƠöĈĉ?ǓǆǨǦżöĈ�ŌØĽƠèÝǓǆǨǦ

ƞƝƪđ�ƑƯƜżóūŭťƠĆĖƟƪÏŨż�¾�żTx½ƜƁƗƕġ4.�ƠǗǤƼǠǛƠĝùƟśƱƯţSƆ`PƑ

ƯƌƜƆõGƎưżÝPơF
ťƜóūŭťƠĆĖƠi�Ɔ<ĕƜƞƗƚƇƕŽ 
Ů ±òúƛơżöĈKĿƆĂã5ƎưƚƁƯǅǖǠǕƵǈǀǞƲdŪ³¥ƜƏƚżŏ�_���ĢƲũ�ƏƚżöĈÎ4Ơ<

Ĩ5ƫ�Öé��ƲġƂƌƜƛżTx½Ʋ��ƜƏƚżĦ£ƠöĈ½ƲCƨKĿ(�Ơ4é�4Ä{Ơī©ƲġƂŽ 
ʒ_�zÐïõÃÂ±ÓÌ¹Թ HuC::Inverse Pericam ª�o��zӟĪȐΨ�½úÑy§�µñÁ°èʅƩɼѕřє

Φ�£¦πϷ͗Ɖ�̤Ū}¦ѪȡÁÃÎèªˣ�λϔ{�k¦(ǘ 2)^ 
 
�

�

�

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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w�ÐïõÃÂ±ÓÌ¹Թ�zҩïõßpͺ͸ɩՉՍυĢŢ�z”̫�{q¥�ƦȤŌ�Ӊv�u§�zÁîÌ¹

ªƩu¦�klzЪƉΨǓӠɽɹȐМªї©���w¨zӫΑǢ�ÆÞïÝ®ÌÁì�Ƶ|£l�ӎƳȐМ�£¦

ɽɹѴʍpɢʑy§�Ձǘ 3Ղ̂  �w�zҩkřª̉ĥŵʹ�{�zԖ“ÁîÌ¹ªԙ̉ĥŵʹ�{�zЪƉΨǓӠ

їƉª̉ĥĞuȐМ{�ÐïõÃÂ±ÓÌ¹Թ�zȤͿȖԵЙ�{�Ƶ|Ǔ˗�řŵʹՁ̉ĥŵʹՂªƩu�p¤

Ԗ“ÁîÌ¹Ձԙ̉ĥŵʹՂ�Ʃu�kō̉ĥĞuȐМՁPseudo conditionedՂª{�ÐïõÃÂ±ÓÌ¹Թ�zƯβ

o¤Ŝ��̉ĥŵʹՁҩkřՂªĀmzϵЭ�ѦѧĄ̓�j¦Ѧь�nu¦ƦɵªzԸӌԸʅɔµéïªΓk�Ѫ

ȡ{�^ɽɹ̉ĥĞuȐМª{�ÐïõÃÂ±ÓÌ¹ԹЙՁǘ 4zƯεԣՂ�zō̉ĥĞuª{�ȤͿȖԵ�Ðïõ

ÃÂ±ÓÌ¹ԹЙՁǘՌzɁՂ��zϵЭ�nk���πϷ͗Ɖ�ÙÉúõ�˪¤o�әkpѤ¤§�^w�ȖԵ

ϸ̑�ÆÞïÝ®ÌÁì�ϵЭ�ʘ̞İ���ǷЭΩҦ�j�¦Ԣǥ�nk�z̉ĥĞuȐМ�£��ûЙ�πϷ

ϳЩ­õ¿õÞñpӞʤy§zɽɹїƉª½úÑ}¦£l�w�ªξǆ{�k¦^ 

 
 
̃ιϐ��z̃ȖԵϭª˷�͔Њ{zїƉßóºïè�ɢʑ�҈�Ū{�ӽ©¦πϷǓҲ�zƉĲ̪ɚªϳЩòá

ñ�ƬѦƏ{z��ƉĲ΅ɼª˪¤o�}¦���zĢþ�ιϐªїl^ 
 
ՉՂ� їƉßóºïè�ɢʑ�Ӟʤ�ӽ©¦πϷǓҲ�ƉĲ΅ɼª˪¤o�}¦^΅�zїƉñúñ�ǳ˷�ɩ

�z��£l�Ν�¦ϳЩԑǕpzжȃ}¦£l��¦�o¡zїƉñúñ�ǳƏ�ɵ|�ϳЩԑǕ�Ã¯Ì

Ëõºªɛqҫw}πϷǓҲ̰̩ª˪¤o�}¦^�

ՊՂ� їƉßóºïè�ɢʑ�Ӟʤ�ӽ©¦πϷǓҲªzЭ�ӢĮx��ˌĲ}¦���zϵЭ�Ν�¦ӢĮx

��zӟĪȌˌĲªƬЪ�}¦ÐïõÃÂ±ÓÌ¹ùÆÞïÝ®ÌÁìªz϶�˂m BAC ¹óúõªĴ��Ĳ

ʑ}¦^�

ՋՂ� ΍ǝ�ԸӌԸʅɔµéïªΓk�ѪȡÁÃÎè��zїƉŴɬ�ӽ©¦πϷǓҲ�zŃ_�πϷϳЩ�ʳ

¦иkªѪȡ}¦w�p�q�k^ՊřȌòúÀúԩɮӶϛ�ˏл�£��zw�ǉԦªŚ˽}¦^�

 
 
�
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{z΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�yk^�

ՁՉՂїƉßóºïè�Ã¯ÌËõºӖϊ�ƬѦƏ�

ˣ�Ӆ��̪�zЪƉΨǓӠȐМªМɫ{�o¤ (
 ˯Ӽɩ�z̉ĥŵʹªˁξ{�ǩƳ��zϵЭ�ЧŌ�ǷЭ

ΩҦ�ίɠ}¦Ԣǥ�ÃåÌÐΆ�πϷ͗ƉÙÉúõpѪȡy§�ՁǘՍՂ̂ {o{zȐМʑϔ� )& ūɩ�̉ĥŵ

ʹªˁξ{zǓӠїƉªɺkŪ{�ǩƳ�ϵЭ��έϔ��͗Ɖ��¤§�o��^w§�zÅÞïÝ®ÌÁì�

ǵȀӢՁǷЭΩҦίɠԢǥՂ�zʒ_pѪȡ{�ÁºÒñ�zӸ˿Ψ�Ѵʍy§�ՁӸ˿ѴʍՂЪƉΨǓӠїƉ�

ßóºïèp҈�Ūy§¦Ԍ�z΅ȕ�πϷϳЩЙpжȃ}¦ӖϊªƬѦƏ}¦��ʑƀ{�w�ªξǆ{�k�^

w�ģ҇ª˷�̤ѻ}¦���zЪƉΨǓӠȐМ�Ź�w�ǷЭΩҦίɠԢǥªκǮ{zїƉȐМ�ƣ�}ɥԝª

ҋ��^w�£l�ÆÞïÝ®ÌÁì��zЪƉΨǓӠїƉªȐМ}¦Ъſ����¡zȐМ{�o¤η˯ӼՁ)&

ūՂ�ɩ�zɺkŪ}Ъſ��ɥԝp�k��ӽ©¤~zȐМʑϔɩ�Ӹ˯ӼՁ(
 ˯ӼՂpϷӖ}¦�zȐМ{�

ЪƉΨǓӠїƉªɺkŪ��s�¦w�pξy§�^w�w�o¤zЪƉΨǓӠȐМ�ʑϔɩ�z̉ĥŵʹ�ˁξ

�£��жȃpѤ¤§¦ϵЭǵȀӢ�Ԣǥ�zїƉßóºïè�Ӹ˿ѴʍpӞʤΨ�˸qҿ�§z�§p̷{s҈

�Ūy§¦w��zԹ�˺ӛ�їƉ�Ӟʤªї��k¦w�p˪¤o����^�

ʒ_�˷�zÆÞïÝ®ÌÁì�zҩzԘ� ( м�ïõßª̉ĥŵʹ�{�ξ{z( ��̷ƦȤ�ñúñªȐМ

y�¦w�ªѽ��ՁǘՎ3Ղ̂ }�©�zÆÞïÝ®ÌÁì�zҩмïõßpͺ͸{�o¤ 
� υӼ�l��ƦȤŌ

�Ӣȱ�Ӊv�k�Ԗ“ÁîÌ¹ªĀm¦bӉv¨ñúñc�zԘмïõßpͺ͸{�k¦ 
� υӼ�Ƶ|Ӣȱ�Ȱ

Ͼu�k�Ԗ“ÁîÌ¹pĀm¤§¦b���§ñúñcz� ( ��ñúñªƵ˯�ȐМ}¦£l�ѲЊªї��^

w�£l� ( м�Ν�¦ñúñªȐМ}¦�z�§�§�ñúñ�nk�˺ӛ�їƉ�ßóºïè�z( ��Ν�¦

πϷϳЩЙ�͗Ɖ�£¥ű_�҈�Ūy§¦w�pūo��ՁǘՎ4Ղ̂ ΅�b���§ñúñc�ȐМ{�їƉß

óºïèª҈�Ū{�k¦˯�Э�πϷ͗ƉÙÉúõ	
 ǘՎ4�Q��zbӉv¨ñúñc�ȐМ{�їƉßóºïèª

҈�Ū{�k¦˯�	
 ǘ �4�P�£¥ɐp��k� ŵ�ȖԵϸ̑�£¥zΝ�¦їƉ�ßóºïè�Ν�¦πϷϳЩЙ

�͗ƉÙÉúõ�£��҈��y§¦w�p˪¤o����^�

Ģý�ʑ̑ª����z#ScC]? ҂�Υћ{�^	
 3]YW�Sb�OZ���Neuron 78:881-94, 2013) 
�

ǘՎ� (м�ïõß�£¦Պ��

ñúñ�ȐМ�

՘ՒĚǓН̟{� ( м�ïõß�£

¦Պ��ñúñªȐМy�¦Ĝ϶

��

ՙՒb���§cñúñ�ȐМ{�

ɧ̰їƉßóºïè�πϷ͗ƉÙ

Éúõ�zbӉv¨cñúñ�ȐМ

{�ǓӠїƉßóºïè����

͂��zɐϥǗ�©���k¦^w

§�£¥zՊ��ñúñ�£��Ȑ

Мy§�їƉßóºïè�zՊ��

Ν�¦πϷ͗ƉÙÉúõ�£��

҈��y§¦w�pūo��^�

�

�

�

�

�

�

�
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�

ՁՊՂÐïõÃÂ±ÓÌ¹qÆÞïÝ®ÌÁìϭϺ�Ĳџ�

ǅĎԫ�ϵЭ�ƲӢĮ�ίɠ}¦ÆÞïÝ®ÌÁìϵЭ�ƲӢĮ�zǅĎԫ�şӋ�ūȌªΥ΍}¦^ʒ_�zw

§¤�ūȌªƹ�435¹óúõªƗԔ{zǷЯфŢӟĪȌ϶�˂m�ӟĪȌ½úÑԢǥª93!
�HB
,�З˂{�¹ó

úõªĴ��zÐïõÃÂ±ÓÌ¹ùÆÞïÝ®ÌÁìϭϺªĲʑ}¦w�ªέʰ{�^435¹óúõ�z
&&YPĢ

ý�¼Öè˝΂ªƹ���zӟĪȌ�Υ΍ŴɬԢǥªƹ«�k¦ƬЪɼpԸszӟĪȌ̃̊�Υ΍ÙÉúõªŤ΍

}¦��ӛ{�k¦ƦԚzÆÞïÝ®ÌÁì��z435¹óúõªĴ��ÐïõÃÂ±ÓÌ¹Ńİªƨ¦w�pzæ

°Ã�ǩƳ�һ��zʟљΨ�ԕ{k�kl̲ͺpj��^ʒ_�zՉϳЩ˿�8&Ш�͒Ŝy�435¹óúõpzΑ

—ϭŮ�ϳЩ�ƨ¥ҿ�§�ǩƳzΑ—ϳЩpř¦£l�ÐðÌ¹ªȪŜ}¦w��£��zΑ—ϳЩ�ÐïõÃ

Âúõªƨ¥ҿ«�Թ��ªӞű}¦w�pƬЪ��¥zɪ̊�˟͏�һ��ϮՉՈՈńƇΊ£sz435¹óúõª

¼Öè�ƨ¥ҿ«�8
ŃİªƵȕ�q¦Θ˿ΨʟљªӻΥ{�Ձ́ΥћzφȟՂ̂ w�ʟљªĴ��z5O" ;;iz

hPbP(&ϛ�єΦҦҹŦԢǥª9OZ
�HB
,�З˂{

�435¹óúõªʯ�ÐïõÃÂ±ÓÌ¹ϭϺª

Ĳʑ{�^w§¤�ϭϺ�zǵӢo¤ȪŜ{�

FUMdUZcb(0UOZ
�dA
,NϭϺ��zÆÞïÝ®ÌÁ

ìϵЭ�ǵȀӢ�πϷϳЩ���}���жȃ

ɼπϷϳЩ��ӟĪȌΥ΍ªŴɬ�q¦£l�

���ՁǘՏՂ̂ ��FUMUOR,-0UOZ
�dA
,NϭϺª

Ĳʑ{zʡŴɼπϷϳЩ��ӟĪȌΥ΍�Ŵɬª

ƬЪ�{�^˷ �zw§¤�ÐïõÃÂ±ÓÌ¹

ϭϺ�ʻuƳ©��zµñÁ°è͵ɔћξѕřє

ΦªΥ΍y�¦��FUMG3E095O"B-��.NϭϺªĲ

ʑ{�^� � � � � � � � � � � � � � � � � � � ǘՏ5O" ;;��d9Zcb(ӟĪȌ�Ŵɬþ�98BªΥ΍}¦ϭϺ�

�

ՁՋՂՊřȌòúÀúԩɮӶ�£¦zЪƉΨǓӠȐМªМɫ{�ÆÞïÝ®ÌÁì�ϵЭ�Ѫȡ�

� ˷�zw§¤�ÐïõÃÂ±ÓÌ¹ϭϺªΓk�zϵЭπϷϳЩ�πϷ͗ƉªzΑq�ʑԹªΓk�Ѫȡ}¦�

��zѦѧŵʹ�{��ƉΘªƹ�Ħʄ�ΘŔ¯éúÂ�ˁξ�zҬԸʅɔÅõ¿úªĴ��ѕřѪȡpzƵ˯�

ƬЪ��¦zāΙů�ՊřȌòúÀúԩɮӶŴɬÁÃÎèªӻΥ{�ՁǘՐźΥћzφȟՂ̂ ΍ǝzŘї{�Ц

��q�FUM5O[Y(O09HB��G3E�95O"B-NªΓk�zЪƉΨǓӠȐМ�Мɫɩ�zϵЭ��5O" (ԇɼжȃɼπϷϳЩ�

ԑǕpz̉ĥŵʹ�ˁξ�Ȥ{���£l�Ʀɵªξ}oªzՊřȌòúÀúԩɮӶªΓk�ҋ��k¦^��ϸ

̑z̉ĥŵʹ�ˁξ�Ȥ{�Ƶ˯�Υͷ}¦Ѡ˗�ϳЩ�ԑǕpλ҃y§�k¦^ 
 
 

 ǘՐ 
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘjò`ȺȹȾ�¤zƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�yk^ɠůѰΘ��ǳ˷ՁιϐϷҠ�ǭԧùͧԧªƹ

�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�yk^ 

 
w§���Ĳџ{�zµñÁ°è͵ɔћξѕřєΦ G-GaMP7,8 ϛªжȃɼ¡ʡŴɼ�πϷϳЩ�Υ΍}¦Ð

ïõÃñÂ±ÓÌ¹ϭϺ�zՊřȌòúÀúԩɮӶ¯éúÂõºÁÃÎèªĴ��ՄĢþ�Ѫȡªїl^ 
 
ՉՒýӅ{�ҩ�Ԙ�ïõß�ˁξ�zoӉv¨ñúñp�o���§ñúñp�klw��¦ѥŷªȐМy

��ŃİªΓk�zn¥ɐp��͗ƉԢǥªξ}Ԙïõß�ˁξ�zжȃɼªξ}ϳЩЙpzҩïõß�£�

�жȃª҄ҫy§¦ԑǕ�z�l��kԑǕ�ūo§¦o�loªҋ�¦^��z�§�§�ԑǕpzжȃɼ

πϷϳЩoՄʡŴɼπϷϳЩ���¤oû˟�u�ʑ¥ϔ��k�ko�loªҋ�¦^ 
 
ՊՒȐМ�ʑϔ�ՊՌ˯Ӽɩ�zϵЭ�ýѴ�Ԣǥ�жȃpѤm¦Ź�nk�zїƉ�ßóºïèpıũ�ы

m¤§�k¦�o�loªҋ�¦^����z͞Բ¡ʘ̞İ�ίɠ}¦�Нm¤§¦zǵȀӢ�ǵŌӢ¡ŢŌ

Ӣ�πϷϳЩ�µñÁ°è͵ɔћξѕřєΦªΥ΍}¦ϭϺªΓk�zw§¤�Ӣūpz̉ĥŵʹ�ˁξ�£

����£l�жȃɼªξ}oªҋ�¦^ 
 
ՋՒýѴԟέՊ�nk�zжȃ}¦ϳЩЙpl�sƵȕy§�ǩƳzȐМʑϔήɩo¤ՊՌ˯Ӽɩ�ou�z

̉ĥŵʹ�ˁξ�£��жȃ}¦ϳЩЙp��̪�ʿψ}¦oªҋ�¦^w§�£��zїƉßóºïè�Ѵ

ʍ�ǩʗ�ҹψՁtransferՂ�ӖϊªƬѦƏ}¦^ 
 
ՌՒїƉßóºïè�҈�Ū{�nk�zЇ̉İpӽĀ{�k¦o�loª˪¤o�}¦���zЇ̉İπϷ

ϳЩ�zµñÁ°è͵ɔћξѕřєΦªΥ΍}¦ϭϺªΓk�zѴʍ�҈�Ū{˯���£l�Ʀɵªξ}o

�loªҋ�¦^��zÐïõÃÂ±ÓÌ¹ϭϺ�zЇ̉İπϷϳЩo¤�πϷĪӘªӜ˝{zїƉßóºï

è�҈�Ū{¡z˞��˸qҿ����£l�ɥԝpѤ¤§¦oªҋ�¦^ 
 
ՍՒǸ˙Թ�ћξ�£¦ŘǸΨɽɹƦɵp҄ҫy§¦ǩƳ�zȐМ�£��ɽɹƦɵp҄ҫy§¦ǩƳ��z

��̪�Ν�¦ϳЩԑǕ�жȃp҄ҫy§¦�oªҋ�¦^ 
 
ՎՒЪƉΨǓӠȐМ�ʑϔ�z̷ ĄЏЇ̛o¤�Ŝſp��̪�ӽ©¦�oªҋ�¦���zřӟĪȐªĴkz

ЏЇ̛o¤ϵЭ��ŜſҺϲo¤ї©§¦ÅóÐÓõˑŪªzĘͻΨ�ǭɟ{�¥ɝ��¥{�zЪƉΨǓӠ

ȐМ���£l�ɥԝpѤ¤§¦oªҋ�¦^ 
 
ՏՒæ°Ã��zԣӢªǙȕy§�æ°Ãpzϑ“ǜ�£��͜ӓ}¦Υ͐ÃËóúñ�Ύİ�ýªģʂΨ�

Ҫї}¦�zƼǗ�˱мpǳƏ}¦�klzģʂ΍ȖˁξÁÃÎèpӻΥy§�k¦ Æ̂ÞïÝ®ÌÁì��z

ϋԹ��zɁƯ�ӔƉπϷ�жȃªêÓÉú{zˁξ}¦˱мªǳƏy�¦�klģʂ΍ȖÁÃÎèpӻΥy

§�k¦^ʒ_�zÅÞïÝ®ÌÁì�ʑԹ�nk�zģʂ΍ȖÁÃÎè�ӻΥªїl^w�ÁÃÎèªΓk

�zԹpʄɺ͊ȕªnq�l�q�zǵȀӢ¡ǧɒ̛�πϷϳЩpz��£l�жȃɼªξ}oª¯éúÂõ

º{�Ѭ̎}¦^ 
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ιϐԟέ A03-1 ιϐҊԦƶ ϬπùπϷΡɿ�nu¦΀ʉΨn£�ήʅΨʄɺ͊ȕԍț�ЭŢǧά�Ѭ˪ 
ιϐĠћОƶՁʗȳՂ Ը̮� сɣՁėӣǷȐùƒȐιϐτùŨ˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 16,900 5,556 9,989 181 1,048 126 

ɋʑ 24 Ɍɔ 13,400 3,514 2,954 3,081 3,399 452 
ɋʑ 25 Ɍɔ 13,500 2,000 500 2,000 7,500 1,500 
ɋʑ 26 Ɍɔ 12,800 2,000 500 2,000 7,000 1,300 
ɋʑ 27 Ɍɔ 12,800 2,000 500 2,000 7,000 1,300 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

 
① ЭŢūȌ�ʄɺ͊ȕ 
ʄɺ͊ȕ�ӽ}¦ιϐ�zȐԌΨ�Ӑ�¦ɲѣpj¥z̴ ϩ��ӂɌ��¥Ę˛οĩ�Ԣǥ�ЭπϷτ

Ȑp˼̰Ψ�іƳ{πϷϷͤȐ���˞��ȐǉԢǥpжԈ{�k¦ ŵl{�ιϐªӋ{�Ը̳�ʄ

ɺ͊ȕ��zϸ̑ªŘ҈�{�΀ʉ}¦ʄɺ͊ȕ�Ɓm�zήʅΨ�ʄɺ͊ȕ�Ӫѣ�z΅�ʁƉp͢

sӽĀ{�k¦w�pūo��q� {̂o{z̴ ϩ��w§��� fMRI ªĄɱ�{�Э¯éúÂõº

�ʄɺ͊ȕ�ӽ}¦æ¹ó�Э͗Ɖª̤ѱ}¦������k� Ě̂ɩzȖԌ�Э͗ƉªŴɬ}¦��

��zĘ�ʄɺ͊ȕ�ӽ}¦ūȌ̰̩ª˪¤o�}¦ɲѣpj¥zāΙ��˺Řϗ�òáñ�j¦ˤ̃

� in vivo ЭŢūȌ¯éúÂõºιϐ�іƳ}¦w��£��z̴ϩ�yqpu�zūȌπϷϷͤȐ�

k��˞��ūӫªλϔ}¦w�p˿ɧy§¦^ŠİΨ��zЭŢūȌՁÑúÙçõùÅóÐÓõùÖ

ñ­ÑòÒðõϛՂpԸɔ�ʄɺ͊ȕ�ЭŢ̰̩ª��£l�Ŵɬ{�k¦oª˪¤o�}¦w�ªέ

Ψ�û��}¦^ 
 
② ϬπùπϷΡɿ�ʄɺ͊ȕ 
��zʄɺ͊ȕ�ԍț�ϬπùπϷΡɿ�ɿО�zɐs҃�¤§zѐ΄¡¸ëõÞñķȎϛ�šǢΨ�

Ѭ¥¡}kĵ�j¦pzϺƳǼҋΣùl�΢ùгӺΣùѭ͏ϬπΡɿɿОϛz��ŝ��ϬπùπϷΡ

ɿ�҃�¤§¦�k���ӖѮ���k^ϬπùπϷΡɿ�ʄɺ͊ȕԍțª̤ѱ}¦Ԍ�zŘ҈���

�΀ʉΨʄɺ͊ȕ�u��szгƉΨùήʅΨ�ʄɺ͊ȕpϬπΣΆ¡ΝɉїƉ�͢sӽĀ{�k¦�

Нm¤§¦pzw�£l�Ѧͺ�ϔ��zϬπùπϷΡɿ�nu¦ʄɺ͊ȕԍțªτȐΨ�̤ѱ{�ι

ϐ���«��k ŵ§���ϬπƒȐ�Α΄ȐΨιϐ�ˌĲΨѺ˝�zΣņЙ�{�ϬπΡɿªĘͻ

Ψ�ūԫ{zΡɿЙ�ŋɉЙ�ª͂һ}¦�klʙ͏pĄɱ�j��^˺ �ɐsĴΓy§¦ϬπΡɿ�

ǚԌѺ˝ǧͭ�ӂszˏѯy§¦Đȕ�j¥zw�˯˿�ˣȎ�Ѻ˝ǧͭ��¤©§~zϬπΣΆªʄ

ɺ͊ȕԍț�Ѫͺo¤Ѥή{zʄɺ͊ȕԍțªїƉòáñn£��§�Ȥɵ}¦ЭŢ̰̩�ȗѪΨ�Ѽ

ĸ{zΡɿ̨ɸ�Ť̩Ϧªέʰ}^ŠİΨ��zοĩɼùӗɯɼù̷КɼùľԤɼùðÃ¹҃ζϛzԸ

ɔ�ʄɺ͊ȕ�ӽ©¦ӖϊªǨӦ�И�Ȥ}¦ʅƩɼzɱ�Ώҏ�Ġћy§¦Ř҈��͢yzľɸՁȆ

ʂՂɢʑϛ�k��їƉ�ɈϸªĐͩ{z΀ʉΨʄɺ͊ȕ�ӽ©¦ÁÃÎè�ʁƉùƉ̰�u��ήʅ

ΨùгƉΨ�ʄɺ͊ȕÁÃÎè�ūu�НmzϬπùπϷΡɿ�ɿО�ʄɺ͊ȕԍțª̤ѱ}¦^Ȇʂ

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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¡Ɏѧ�ƹ�zϬπùπϷΡɿ�҃�¤§¦ʄɺ͊ȕԍț�ʄҔΨ�j§zͼʄҔΨ�j§zģʂΨ�

їƉªƨ��ɈϸªĐͩ}¦̰̩�κ�«�{��¤m¦�ΏѬ{¡}kԚpj¦ ΀̂ʉΨʄɺ͊ȕ�

�Ć�ՁĲ̥ՂѴʍzѮ҅zʿҏ��πϷɱΏȐpɫʄ�{�q�Э̰Ъpoo©¥zήʅΨ�ʄɺ͊

ȕ��ʁƉzʄҔ�ǉԦ�ӽ©¥,ԢǥŢ��§�§�ūӫ�ιϐО��ӎˆ{�ks^�~zїƉϷ

ͤȐ�ÍúñªΓk�zʄɺ͊ȕԍțªїƉòáñ�ȕӬù҇˪}¦w�ªɠԚ�έΨ�}¦^��z

�§�Ȥɵ{�ЭŢêÏñ�̩Ϧpɲѣ�j¦ ŵ§��ѰϡҏΨπϷτȐ¡ɀȐ�ūӫ��şƵĲ̥

pɲѣ�j¥z̃ ˁ̟ԢǥĠћ�j¦ӰҖҤ͍Ƙǯ�w�ūӫ��ǚԌΨ��ðúÊú�j¥zǧν�

ιϐО�вɑϬπƒȐpӎˆ{zʄɺ͊ȕԍțªЭ�ѰϡΏҏ¡êÏño¤҇˪zѴӅ{zéµÓÄè

ª˪¤o�}¦w�ªέΨ�}¦^ 
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

① ЭŢūȌ�ʄɺ͊ȕ�

їƉϷͤȐ�˅ǼɳӠ�ƿ�§¦΍җpj¦ Ų̂Ϊ�˅Ǽ�ƥ˟�ƬЪɼpj¦ðÃ¹�j¦Ű˝ª}¦

˯�z˅Ǽ�͂ӪªЗk�ʇӪ�Ű˝}¦ŒƷªʰ}^ŋɉОªȤҗ� B7F �ЭŢÖñ­ÑòÒðõÐï

õÃåúÉúªȕӬ{zϷͤȖԵ�ɫ¤§¦˅ǼɳӠ�ϊɔՁŲΪ�ӭԧpȬ�s��˅Ǽ�ıńĢý�

¤¸ëõÞñ�ơƁ{��лk�ɺlӭԧՁń˗ՂՂ��ӽӎªҋ���w¨zѦɑ�Öñ­ÑòÒðõ

ÐïõÃåúÉú�ȟɔ�įkĘ��˅ǼɳӠ�ϊɔpɟs¸ëõÞñ�ʇӪ�j¦w�ªѤŪ{�

(Takahashi et al Mol Psychiatry 2013)^ 

Ěɩz̧ ëõÞñķȎ�ȗѪΨѼĸ¡ѐ΄Τ͏ӻΥ�Öñ­ÑòÒðõÐïõÃåúÉú�ȕӬ¡��ӿ

țѐp˼Γ�j¦o˪¤o�}¦^ĚɩzŋɉО�Öñ­ÑòÒðõÐïõÃåúÉúӿțѐªʢĀ{z

˅ǼɳӠ�ϊɔ¡ǨӦĐͩ˯�Э͗Ɖ��ɥԝªѤ�ksĐȕ�j¦ N̂K1 ƩȝİòÅßÉúӿțѐpǨ

ӦĐͩ˯�Э͗ƉªʡŴ}¦w�ªѤŪ{ҏ˛�{�Ǩƻ{� (Saji et al Int J Neuropsychopharmacol 

2012) ^΍ǝzw�ζѤª���zƵѐ΄p˅ǼɳӠ��ɥԝpj¦o̤ѱ{�ksĐȕ�j¦^ 

 

ÿŞɋ�Ȥ{�ς����lklїƉª�¦o�klƫso¤ǄȐzɱΏȐzϷͤȐz͏Ȑz˒͍ȐzΑ

΄Ȑ��Ƕs�ȐǉԢǥ�ʝ©§�q�ǉԦ�Ȥ{�zŋɉОªȤҗ�nӭªūӤ}¦Ϸͤ¼úè� PET

�ɼ̝̤̘ªΓk�ιϐªї��^ɪ̊zÿŞɋ�ūӤ�Ȥ{�њƉΨ�ːˊΨ�Ę΄pǨɭїͻ�Ū¦

�Нm¤§�k�pz̷ή�ĝĘªľԤ{¡}kûѤzɋǁΨ�Ę΄pzÿŞɋ�Ȥ{�Кʌ�Դ¤§z

ŃĘΨ�½ÃÐªʜ����Ǩɭїͻ�Ū¦�klw�ªϷͤȖԵ�Ȗѻ{� Ȗ̂ή�Ǩɭїͻ�Ū¡}

kĘ��ĄЭ�ÅóÐÓõÐïõÃåúÉú�ȟɔpįkw�ª˪¤o�{�(Takahashi et al Proc Natl 

Acad Sci U S A 2012)^ÅóÐÓõpƗ�њƉɼ���ӽĀ{�k¦�u��szӸ˿Ψ�ʔΛΨɺН�ӽ

Ā}¦w�ªξǆ}¦ʑ̑�j¦ ŵ�¤�ÅóÐÓõÐïõÃåúÉúӿțѐpıʙ��Ř҈�}¦o

���ʔΛΨɺН���£l�ɥԝªĀm¦o̤ѱ{�ks^ 

 

PET �£¦Ї̉İ�ÑúÙçõ D2 Ʃȝİ�ͩȕ� resting state fMRI ��ӽĺo¤̧ѪØ¯­Ã�πϷǧ

άª˪¤o�{�(Yamada et al Proc Natl Acad Sci U S A 2013)^Ěɩz̧ѪØ¯­Ãpͧɝ{�k¦l�΢

�̤ѱ{�ksĐȕ�j¦^ 

 

w§¤�ûӎ�̥Бªс˛Є҇�{�Ǩƻ{�(Takahashi Curr Opin Neurobiol 2012; Takahashi Neurosci Res 

2013) 

 

w�ÙúÐ�ӽ{��̨�zĐȕӋ¥�Ӑʶ�j¦^ɫ¤§�Éú¼ÌÐ��¦ЭŢūȌ�ʄɺ͊ȕ�Ù

Éúõ��ίӽӽĺo¤zιϐ�ɩƕ�їƉѐΏȖԵzpharamacological fMRI ��ªӋ{�ǔ̑ӽĺª˪

¤o�{�ks^ 

 

② ϬπùπϷΡɿ�ʄɺ͊ȕ 

ϬπùπϷΡɿɿО�Ȥ{�ʔΛΨɺН�їƉϷͤȐȖԵªїkzЭΘŔ��Ȥɵªͩ¥zʔΛΨʄɺ͊

ȕԍț�πϷǧάª˪¤o�}�sz΍ǝzɿОՁϺƳǼҋΣɿО�΢ΨҧƘɿОzˇԯԍțɿО�ð¹

ñúÐªї��k¦^ŋɉО�Ȥ{�Γk�k�ʄɺ͊ȕҊԦp¡¡Ѡԓ�zϺƳǼҋΣɿО�nk��

ԕ˫ɔpԸsƓū�ΏѬy§�k�klǉԦpj¥zûӢzʄɺ͊ȕҊԦ�ϧϱƏªїkz¿õßñªƨ

¥ή}w���¥zϺƳǼҋΣ�nk��zѰΘ£¥¡¡Ӓ§�ʅpj¦^��û˟�z¸ëõÞñķȎ
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�ɿО�ð¹ñúÐİŴª̩Ϧ{zĐʂĢý�¿õßñ˗Ձ՜Ք)&Ղϊɔԑ�¥z΍ǝzΘŔzїƉÏú

É�Ѭ̎�Ŝ��k¦^¸ëõÞñķȎΣ�nu¦ǨӦĐͩ˯�Э͗Ɖ�ΝɉªѤŪ{z΍ǝzʢύͭŏ

Ą�j¦^y¤�z��͹мș¡ΦҦ�̩ӍΨΝɉ�ĐŏΨϸ̑�p¤ɫ�k¦^ˇԯԍț�ӽ{��ð

¹ñúÐİŴp˘kzїƉϷͤȖԵ¡ЭΘŔ�ÏúÉªƧԑ{�k¦^w§¤�Ρɿ�Ƶ|Ѻ˝��Νό

ɼ�ȎǝpǉԦѦy§¦^ʄɺ͊ȕ�klѪͺo¤zΡɿ�Ą��¿ÞÉ¯ß�Ƶȕ��ªέʰ}^�

΅�¸ëõÞñķȎ�ӽ{��zʄɺ͊ȕ�nu¦҃ζØ¯­Ã�ȎǝpΠ©§¦��z�§ª̤ѱ}

¦ҊԦª´ðÂÒñ�ҊԦ�ƹ��ks�oї��n¥zЭǧά��ȤɵªƎʭΨ�ҋ��k¦^�

w�Ӣū�ӽ{��zƲϬπΡɿ�¿õßñ˗p )& ϊɔ�j¥z–¥�˿Ӽ�ńǭ{z¿ÞÉ¯ßƏ

��ªѽ�¦^�

�

ήʅΨz΀ʉΨʄɺ͊ȕ�ƥ˟ªû��ҊԦŢ�̤ѱ�q¦Ƕȳɼʄɺ͊ȕҊԦªĲʑ{z΍ǝzŋɉО

�̤ѱªȈ��k¦^ҊԦ�ԕ˫ɔ¡˯ӼŴԂzʁǨӬªˌĲ}¦w��ήʅΨz΀ʉΨʄɺ͊ȕ�Ŭ¥

˹mªҫw}^ȖԌ�ʄɺ͊ȕª{�k¦˺Ą�βΎӔƉ�­¯µéï�ͩȕ{zήʅΨz΀ʉΨʄɺ͊

ȕ�§�§�ʄɺ͊ȕ˟Λª̤ѱ{z��Эǧάªʽ��k¦^΀ʉΨ�ʄɺ͊ȕ��ŹԣŹӫ��pӽ

Ā}¦�Нm¤§zήʅΨʄɺ͊ȕ��ΩҦþ�Э̩Ӎ¡ϙû̳ʅѧӫ���ӽĀpНm¤§¦^΅�ˤ

ɉΑ͗��nk����y�ήѪΨ�ʄɺ͊ȕpӪѣ�j¦ Ϭ̂πΡɿɿО�ήѪΨʄɺ͊ȕ�πϷǧά

p˪¤o�{�z�wªÉú¼ÌÐ�{�ð×ÛðÎúÁîõ�ϸ��u�їq�k^�

�

ϺƳǼҋΣ�ӽ{��zʄɺ͊ȕ�Ӫѣ�ɦŽª̑�}βϓŹԣч�ΩҦƝ��w�Ѧɑªϸ�ΦҦГ

Ͽ��Ӽ�΢ΏʗѤ��Ȥɵª "D; ��˪¤o�{�ҏ˛�{�Ǩƻ{�ՁKubota et al JAMA Psychiatry 

2013, Sasamoto et al Schizophr Bull 2013Ղ�

�

οĩΨʄɺ͊ȕ˯�βΎӔƉªͩȕ{zʄɺ͊ȕ�ЭΘŔÏúÉ��̤ѱªȈ��k¦^βΎӔƉ�k

lѦѧũΏ�ӌk―ԉ�Νɉpz˺ ϵΨ�οĩΨʄɺ͊ȕԍț�Đͩª}¦ƬЪɼ�j¦ÏúÉ�ԑ��

�q�k¦^w�¤�βΎӔƉ�ÏúÉ�Ѭ̎˟͏pȕ�¥z��ƨ¥ʻo���o¥�j¥z¿õßñ

˗p 
& ϊɔ�j¦��Ěɩǭ¡{ksĐȕ�j¦^�

�

�

�

�

�

�

�

�

�

�

�

�

�
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘjò`ȺȹȾ�¤zƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�yk^ɠůѰΘ��ǳ˷ՁιϐϷҠ�ǭԧùͧԧªƹ

�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�yk^ 

① ЭŢūȌ�ʄɺ͊ȕ�

w§���ʑ̑�ŋɉО�nk�Öñ­ÑòÒðõπϷĪӘpʇӪ�ʄɺ͊ȕª}¦Ձ˅ǼɳӠՂw�

�ӽĺpj¦w�ªѤŪ{� Ö̂ñ­ÑòÒðõÐïõÃåúÉúӿțѐ�ʇӪyª̲qƷwlѤ~�ʄ

ɺ͊ȕª}¦͒ʄ̲ԅɼǶƉɼԍț�͍Τѐ�{��ĴΓy§¦^�~zŋɉО�Öñ­ÑòÒðõÐï

õÃåúÉúӿțѐ˅ǼɳӠ�ϊɔ¡ pharamacological fMRI �£¥ǨӦĐͩ˯�Э͗Ɖ��ɥԝªѤ�

ksĐȕ�j¦ N̂K1 ƩȝİòÅßÉúӿțѐpǨӦĐͩ˯�Э͗ƉªʡŴ}¦w�ªѤŪ{ҏ˛�{�

Ǩƻ{� (Saji et al Int J Neuropsychopharmacol 2012) ^΍ǝzw�ζѤª���zƵѐ΄p˅ǼɳӠ��

ɥԝpj¦o̤ѱ{�ksĐȕ�j¦^ 
 

w§���ʑ̑�ÅóÐÓõpƗ�њƉɼ���ӽĀ{�k¦�u��szӸ˿Ψ�ʔΛΨɺН�ӽĀ}

¦w�ªξǆ}¦ϸ̑ªɫ�k¦ Å̂óÐÓõÐïõÃåúÉúӿțѐpıʙ��Ř҈�}¦o���ʔ

ΛΨɺН���£l�ɥԝªĀm¦ozН̟{�ıʙ��Ř҈�}¦oªѼĸ}¦ҊԦªΓk�̤ѱ{�

ks^ 

 
② ϬπùπϷΡɿ�ʄɺ͊ȕ 

 
w§���ėӣǷȐՁԸ̮сɣՂzʊʏКǫǷȐՁƁёŖûӡՂ��§�§�nk�ǨӦ�И�Ȥ}¦

ʅƩɼzɱ�Ώҏ�Ġћy§¦Ř҈��͢yzľɸՁȆʂՂɢʑϛ�k��їƉ�ɈϸªĐͩ}¦΀ʉΨ

ʄɺ͊ȕ�ÁÃÎè�ʁƉùƉ̰�u��ήʅΨùгƉΨ�ʄɺ͊ȕÁÃÎè�ĂОª̤ѱ�q¦ҊԦª

Ĳʑ{�q�^̈́ �ǨӦ�И�Ȥ}¦ʅƩɼ�ӽ}¦ήʅΨ�ʄɺ͊ȕªѼĸ}¦´ðÂÒñ�ҊԦªН

̟{���ՁTakahata et al Plos One 2012ՂzĚɩ�ʊʏКǫǷȐ��l�΢ªĄɱ�zėӣǷȐ��Ùú

·õÇõ΢���ɵΓ{�ks^ 
ʊʏКǫǷȐ��w§��ϺƳǼҋΣ�Ȇʂ¡Ɏѧ�ͽͺªɠ�zʄɴƇſʅª̤ѱ�q¦ҊԦªĲʑ

{zЭʁǨ¡ΑΏȐΨʰ̬��ӽӎªѤ�q�pz��ҊԦªėӣǷȐ��ş˼}¦^Ùú·õÇõ΢�

їƉԍțĢǵ�ΣΆ�­ÙÁú�kl��pj¥zʄɴƇſʅ�Ѫͺo¤­ÙÁúª̤ѱ{�ks^ 
 
ėӣǷȐ�Н̟{�ϺƳǼҋΣz̧ ëõÞñķȎªȤҗ�Ř҈��͢yªѼĸ}¦ҊԦ¡ʄɺ͊ȕ�Ԍ

�҃ζØ¯­ÃªѼĸ}¦ҊԦªƦȤ�ʊʏКǫǷȐ��l�΢¡Э˅őĵ�ɵΓ{�ks^ 
w�£l�ҊԦ�ȕӬΨ�Ѽĸ{�ʄɺ͊ȕԍț�ʰ̬�zΑ΄ȐΨʰ̬��ӽӎª̤ѱ}¦^ŠİΨ

��їƉѬ̎¡êÏñѬ̎�ɫ¤§�ʰ̬ՁÙïéúÉՂ�̩Ӎ MRIՁ͹ΦҦzΦҦՂ��Ȥɵ¡ʄɺ

͊ȕ˯� fMRI �£¦Э͗ƉÁºÒñ��Ȥɵj¦k�βΎӔƉϛ�ΑΏʰ̬��Ȥɵª̤ѱ}¦^ 
 

¡¡΅̼�ϬπΡɿ�j¦pzˇԯԍțՁʨԯΣzӖԯΣՂ�̦ϗ�ʄɺ͊ȕ�Νɉªƺ}¦��zҞӪ

�ζѤªĀm¦�Нm�n¥zȒŝԚzňΏԚp¹ð­y§�˯ͺ�zw§¤�ɿО��Ƶ̪�ʙ͏ªӛ

ɵ{�ks^Ƶ˯�ɛsϾqzϺƳǼҋΣzl�΢zķȎΣ���ɿО�¿õßñ˗ªŹɌɔ�ɛqϾq

ǭ¡{�ks^΅�ˇԯԍț�ӽ{��zûйΨ�ǨӦ�ʅƩɼ�u��szԯ�΄�klǨӦ¡äÏ®

¯éúÂ�klǨӦ�ӽ}¦ʅƩɼ�̤ѱ}¦ ʊ̂ʏКǫǷȐ��ůΥ�Ùú·õÇõ΢ɿО�Ȥ{�Ñ

úÙçõĲƉѐʢĀ�Źɩ��ǨӦҊԦ�ƲόÙïéúÉ�ǳƏ�ЭΘŔzвɑΣΆ��ӽӎ�̤ѱ}
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¦^ 
 
��zˇԯԍțՁʨԯΣzӖԯΣՂzķȎΣϛzɲ~{�ѐ΄Τ͏p˼Ƈ��kΡɿ�Ȥ{��zοĩɱ

ΏȐΨěŜ¡ð×ÛðÎúÁîõpї©§¦pzЎ˝Ψ�w�£l�͍Τ͏�Ƈ̑pzɫ¤§�Ùïéú

É¡ЭΘŔ���£l�ĲΓ}¦oȗѪΨùȕӬΨ�Ѽĸ}¦w�ªѽ�¦^�

 
ӰҖËúè��şƵιϐ�{�ѰϡҏΨπϷτȐ�ɐsιϐy§�k¦ɟƏȐМ�ΏҏªΓk�ҊԦª

Ĳʑ{z̈́ �¸ëõÞñķȎɿО�nk�Ųɫo¤�ȐМΊ�˅Ǽo¤ȐМΊ�ĊԔpj¦����ko

�klģ҇ª��zїƉȖԵzfMRI ªї��ks^ 
 
ɿО�ð¹ñúÐzɱΏ̤̘�ˠїzÏúÉ˘Ώ���ιϐўƃО�ɛqϾqzѠ˗ƶɲѣ�j¦^ 
ѰϡҏΨπϷτȐªϬπƒȐ�ɵΓ}¦���zɀȐϭ�ØÌ¹ºïõÑ�j¦Ƙǯιϐǃpιϐ�ʿӐ

�ɲѣ�j¦^ 
MRI ªĴΓ}¦Ԍ�͟Р}¦͠İàð°è�ĸ̝pԸԶ{�n¥zMRI ĴΓ˜pw§��Ģý�Α|¦

ƬЪɼpԸk^ 
MRI �ÏúÉѬ̎�Ɍ_zԸɔƏ{�n¥zÛÌºÏúÉªѬ̎}¦ԸɼЪ�Ѱϡ̰��­ÌßÏúÐ

�ɲѣ�j¦^ 
ιϐ˿Ӽ�ɩ˿��¥ιϐʑ̑pw§��Ģý�Ū�s¦��zʑ̑Υћ�īlˡҠpɲѣ�j¦^ 
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ιϐԟέ A03-2 ιϐҊԦƶ °ƔTńŀƊďućǗþĩŷTŋŹ¾uƸǆ÷Ȉþư�

ιϐĠћОƶՁʗȳՂ ̀̇� ȢՁ΋ȾǷȐùЭτȐιϐʗù˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 17,400 12,598 3,259 1,060 11 472 

ɋʑ 24 Ɍɔ 14,000 6,838 4,892 331 993 946 
ɋʑ 25 Ɍɔ 13,800 3,860 5,000 2,700 1,640 600 
ɋʑ 26 Ɍɔ 13,800 400 200 400 12,400 400 
ɋʑ 27 Ɍɔ 7,700 150 150 200 6,900 300 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�yk^ 
ιϐ�έΨՒ 

ӰҖҤ͍̈́ªĠћ�}¦˞ȐљԢǥιϐdĐͩ�ʄɺ͊ȕ�ЭŢѰϡ̰̩�Ѭ˪�£¦ĘӼΏѬ�ɵΓe

��zĘ�ʄɺ͊ȕ�ƞΏ�Э̰̩�Ѭ˪�klȐǉ�ƫso¤�ǷǉԦ�ĚˤΨ�ѬªĀm¦��zҏΏ

Ȑ¡ϺѰʿҏ�ΏҏzĘ�їƉѬ̎�Э͗ƉѰͩzȖԵƉ΄��πϷ͗Ɖ�Ѱͩ�ˌĲʟљªϺƳ{zʄɺ

͊ȕ�ӖϊªѰϡ̰ÁçìòúÁîõ¡óäÌÐȖԵ�Ť΍{Đͩ�q¦��͢sѬ˪}¦˞��ȐљԢ

ǥªˁ̟{�k¦^̃Ԣǥ�έΨ�zĘ�ʄɺ͊ȕ�ƞΏ�Э̰̩ªzҏΏȐ¡ϺѰʿҏ�ΏҏzĘ�їƉ

Ѭ̎�Э͗ƉѰͩzȖԵƉ΄��πϷ͗Ɖ�Ѱͩ�ˌĲzѰϡ̰ÁçìòúÁîõ�óäÌÐ�£¦Ť̩ʑ

ªӋ|�Ѭ˪}¦w��j¦^ʄɺ͊ȕ��zήʅΨzМʈΨ�êÏñÝðú�̰̩�zĐͩΨzѰΘΨ�

êÏñáúÃ�̰̩pНm¤§¦pzw§¤pko�Ӟʤy§ϺƳy§¦�ozɩО�ɲѣ�bЭŢÁçì

òúÁîõc�£¦їƉϸ̑�Đͩp��£l�πϷǓҲ�œq�£¥Ȗ΍y§�k¦�oz���§¤p

ūȌ¡ӟĪȌ£¥ko�Ŵɬy§�k¦�oªz˺˞�ȖԵʟљ�˗Ώʙ͏ªԴĴ{�˪¤o�}¦^Šİ

Ψ�Ջ��ĆѣҊԦªѶȕ{zĐͩ�ʄɺ͊ȕ�ЭŢѰϡ̰̩�Ѭ˪�ƨ¥϶�w�ªѰΘ{�k¦^�

ՉՂƉ΄¡ĘӼ�ՄêÏñÝðúՄêÏñáúÃ�ʄɺ͊ȕ�їƉȐМªՄ��£l�ĴkūuՄ϶�Ƴ©

��k¦�oՖ�

ՊՂЭŢÁçìòúÁîõՄĸŇѼĸՄїƉӞʤ�ՄÓìúóõǓҲ���£l�Ê¯Òç¹Ã�£¥Ȗ΍

y§�k¦�oՖ�

ՋՂŘ҈��͢yՄǨӦ�И�Ӫ��u���ÙïéúÉ�ko�Ŵɬy§�k¦�oՖ�

û˟z̀ ̇ȢªιϐĠћО�}¦ѰΘιϐdĐͩ�ʄɺ͊ȕ�ǷЭǧɒ̛�ʘ̞İ�πϷǓҲǧάe��z�

Ԣǥŝİ�ˀv¦ ) ��ĆѣҊԦ��k�zʕ ̃ÀñªȖԵƉ΄�{�ÁÃÎèπϷτȐιϐzÚÐªȤ

җ�}¦Э̰Ъ¯éúÂõº�ѰϡΏҏιϐª϶�Ƴ©�¦w��£��zŠİΨ�Ϟmªɫ¦w�ªέ

̬�{�k¦^ʄɺ͊ȕ�Ćѣ�ǧνӖϊ�����zϷԵª�n{�Ȥҗ¡їƉ�ǨӦùȋʀ�ĸŇª

Đͩùʿȕ}¦w��j¥zw�Ӗϊ��ǷЭΩҦ�ǷЭǧɒ̛pĆѣ�ɦŽªʧl^ϙĒ�ӖƠ�ʄɺ

͊ȕªѼĸ}¦w��£��Đͩùʿȕ�҆ɂª̤Ū{zĐͩùʿȕª˺ӛƏ}¦w��j¥zw�Ӗϊ

�ɟƏȐМΏҏ�̒϶�ªˎʯ{zĄЭÑúÙçõϭ�Ї̉İpɲԡ�ɦŽªʧlw�pζ¤§�k¦^

̀̇¤�zk~§�Ĝ϶��ΏѬ��Ӫѣ�ҚΈª{�q�(Satoh et al., 2003; Samejima et al., 2005; 
Minamimoto et al., 2005; Yamada et al., 2007; Hori et al., 2009; Inokawa et al., 2010; Muranishi et 
al., 2011)^û˟z˺ӂÑúÙçõϳЩ��ǨӦ�ʐИ�ĂОªƵ̪�ћ΍{zƉ̰�uªʧl�Нm¤

§¦��j¦w�pŰ˪{zɟƏȐМ�ǷЭǧɒ̛êÏñ�Ѥή{pɲѣ���� ʄ̂ɺ͊ȕ�ϸ̑Α|

¦ǨӦ¡ʐИ�ʁƉ�ĝО��ӽ©¥�Ą�Α�§¦pzгūpɫ�ǨӦ¡ʐИpĝО��Ām¤§¦ǩ

ƳzĝО�ɫ�ǨӦùʐИpгū�ƣ�ǩƳ�гū���£l�ʁƉpΑ|¦�oz��πϷǓҲé

µÓÄè�ÿ˪�j¦^̃ιϐҊԦ��ĄЭÑúÙçõϭzЇ̉İ�ʁƉ�Ą̓�{��ʘ̞İª

Ȥҗ�zʄɺ͊ȕ�πϷǓҲéµÓÄèzÚÐ�Э̰Ъ¯éúÂõº�ѰϡҏΨ�̒϶�ª˪¤o

�}¦^ιϐİŴªĢþ�̭ɚΨ�ξ}^�

�

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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�

ιϐ�̨ѣՒ�

ՉՆ�έ̬�Әʑ�Ʒu�Ѡ˗�ʄɺ͊ȕzїƉӞʤzїƉѼĸzӸ˿Ψ�ǨӦĐͩ�πϷǓҲǧά

�ǷЭǧɒ̛zĄЭÑúÙçõϭzѦɑ 5" ̛nЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐՒ

ǷЭǧɒ̛�ɟƏȐМêÏñª̤ѻ}¦^}�©�zЇ̉İÓìúóõ�£¦ӞʤХ�ǨӦĸ

ŇՁїƉĸŇՂʁǨћ΍zѠ˗�ӞʤХ�Ąo¤˾�{kӞʤХªӞ�zȋ�ӞʤХªӠu¦

їƉӞʤzʄɺ͊ȕ�їƉӞʤ�ϸ̑�£¦ĸŇ�­ÌßÏúÐzĄЭÑúÙçõϭ�£¦Ӹ

˿Ψ�ǨӦĐͩ�҆ɂľư�̤Ūzϛ��k�πϷτȐΨ�Ϟmªɫ¦^�

ՊՆ�Ѡ˗Ձ( ԣz) ԣՂ�ÓãõÀñpƵ˯�ơƁ}¦ʄɺ͊ȕҊԦ��їƉȖԵ�ǷЭǧɒ̛z

ʘ̞İаŌЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐՒ΅�˪¤o�}¦å¯õÐ�zгɃ

�ʄɺ͊ȕpǨӦՁїƉĸŇՂĐͩ�ǧ�k�ї©§¦w�pζ¤§�k¦û˟zгɃ�ĝО

�şƵїƉ�Ԍ��zĝО�їƉ�ϸ̑o¤ǨӦՁїƉĸŇՂĐͩpƬЪo�loªλ҃}¦^

��Ԍz( ԣ�їlїƉҊԦ�ǨӦpгɃ���Ām¤§¦ǩƳ�гɃ�ĝО�Ƶ˯�Ām¤

§¦ǩƳ��k�̤ѻ}¦^їƉȖԵ�ÏúÉªƓū�Ѫȡ{zȕӬΨ�Ѭ̎{zҏ˛Υћ}

¦^��ý�zĄЭÑúÙçõϭzʘ̞İzаŌЇ̉İp��£l�ӽĀ}¦oª̤ѻ}¦^

ՉՂÑúÙçõϭ�ɦŽªζ¦���zĄЭ�ÑúÙçõϳЩ�ӢĮ�ѐΏȐΨ�πϷ͗Ɖª

ÞóÌ¹}¦w��£��ǨӦ�ǧ�sʄɺ͊ȕp��£l�ɥԝy§¦oªҋ�¦^ՊՂʘ

̞İn£�аŌЇ̉İ�πϷ͗ƉªÞóÌ¹}¦w��£��zĄЭnҾЌϭzԼҦЇ̉İϭ

�ÑúÙçõp�§�§��£l�ɦŽªʧl�oªϭϺΨ�ҋ�¦^ՋՂ
Ղƣ�ՊՂ�ϸ

̑ªҳ�m�zĄЭÑúÙçõϭzаŌЇ̉İϭzn£�ʘ̞İ�πϷϳЩ͗ƉªѴӵ}¦w

��£��zοĩΨ�ʄɺ͊ȕ�πϷǓҲǧάª˪¤o�}¦^��zȖԵϸ̑ªϺƳ{�z

ƲЭӢĮ�ӽĀªƹ�ÁÃÎèΨ�ΏѬ����ѰϡӖϊªʿȕ}¦�

ՋՆ�Պ�ȖԵƉ΄ªȤҗ�}¦πϷǓҲǧάªҋ�¦ιϐªўȓ}¦ɢ�zÚÐ�Э̰Ъ¯éúÂ

õº�ιϐ�£��zѠ˗�¿ñpơƁ}¦Ά͎��οĩΨ�ʄɺ͊ȕ�ӽĀ}¦ĄЭÑúÙç

õϭzаŌЇ̉İϭzʘ̞İϭ���¤~ǷЭΩҦ�ӽĀ��k�zȕӬΨ�ȖԵѪȡªїl^

w�ūӫ�ιϐ�nk��zιϐūʧО�˭ӫԐɣpƷοĩɼ�ӽ}¦ŃĘɂª Social Value 
Orientation (SVO)�£�� Prosocial, Individualist �Ƒū{zʘ̞İ�ӽĀ�Ĝ˟�ίәpj¦

w�ªˣ�Ǩƻ{�k¦ ŵ�ιϐҊԦ�nk��zƷοĩΨ�ќԵОpгɃ�ĝО��ӭӱǨ

Ӧ�ūӤ͂ΊªŰ˝}¦w��ʘ̞İ�аŌЇ̉İϭpӽĀ}¦Ĝ϶�ª˪¤o�}¦���

ȖԵιϐ�ѰϡΏҏΨ�­ßóúËªїl^�

ՌՆ��
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£�ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

£� �

ՉՆέ̬�Әʑ�Ʒu�Ѡ˗�ʄɺ͊ȕzїƉӞʤzїƉѼĸzӸ˿Ψ�ǨӦĐͩ�πϷǓҲǧά�Ƿ

Эǧɒ̛zĄЭÑúÙçõϭzѦɑ 5" ̛nЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐՒ��

ՁՉՂЇ̉İϳЩ�£¦їƉӞʤѼĸ���¤qՒ�

�
�

ՁՊՂĄЭÑúÙçõϳЩ�£¦Ӹ˿Ψ�ǨӦĐͩ���҆ɂћ΍Ւ�

¾úñ�ųӘ}¦����zέŘ�ǨӦ�u��szέ̬�д¦Ӗϊ��Ӹ˿Ψ�ǨӦ�Đͩ���҆

ɂ�Ѱϡpɲԡ�j¦^ǨӦ�ǧ�sѼĸ�ʄɴ͊ȕ�Ӫѣ�ɦŽªʧl�Нm¤§�k¦ĄЭÑúÙ�

�

 
 
 
 
 

NǭǫİġƠŢäůŸŲűŮ ŸųűŮ ŸŴűŮ

ŹŲűŮ ŹųŰƟƏƕƆƗƚUŔôÜơ

W]ƑƯƆżǌǨǓǚǦąĔƠ 

ŠŗơW]Ɠƒżk¶UŔƲ1

|ƉƜA«Ɵż�ƭưƯƜ�ÒƎ

ưƯċUŔŗƲżcŗéƟ;ª

ƑƯŽůEnomoto et al., 2011ǪŮ

NǬǫČµ�ąĔƟƬƯ��ËcƜġ4Ŏ�į�Ů

İġřĳİġǩźŲűŮźųűŮźŴǪƜďƮŅƏİġǩŹŲűŮŹųǪƟƘƁƚż

ġ4Ŏ��Ɵżġ4Ŏ�Ơ�!ƲĤÝƑƯąĔůValue(+)ż
ŵűŮValue(-)żŶŰƫġ4�ãǩİġřĳƅďƮŅƏƅżŷǪƲĤ
ÝƑƯąĔŮ ůYamada et al., 2011ǪŮ

3 ʤ�ʥ{äÉõҊԦªˤ̃Àñ�ȐМy��^ѽїӴ҆

�£�� 3 ��ӞʤХ�Ąo¤����̷ѬäÉõªʽ

{ɠ�� 1 Ǔέ�ǨӦªɫ�ɩz̳ � 2 Ǔ�ѽї�Ƶ|ä

ÉõªӞʤ}¦w��£��ƳѰ 3 Ǔ�ǨӦªɫ¦ҊԦ

�j¦^Ї̉İ�πϷϳЩ�zǨӦpɫ¤§�oɫ¤§�

o��o�£��͗Ɖªǳm¦ϳЩpŝİ� 
�) ��ª

ƙ��^˷�Ӟ«�ӞʤХ�ǨӦλΊՁValueՂ¡zѽї

Ӵ҆oЖ¥Ӄ{Ӟʤo�klїƉʔΛªћ΍}¦ϳЩ�

ǶsȎǝ}¦w�p˪¤o����^ 

çõϳЩpzӸ˿Ψ�ǨӦ

�Đͩ���҆ɂªʧlo

�loªz) ʤҊԦªȖї

Ą�¿ñ�ÑúÙçõϳЩ

�͗ƉªѴӵ}¦w��£

��ҋ��^ÑúÙçõϳ

Щ�zѦѧ̉ĥŵʹ�Ȥ{

�ǨӦλΊªƦˬ}¦͗Ɖ

ªξ{�pzȨ̊ǨӦªŽ

ɛs�Ƶ˯�zɫ¤§¦�

Đͩy§¦ЄǨӦӬªzȕ

ӬΨ�Ʀˬ}¦͗Ɖª}¦

w�p˪¤o����^�
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ՁՋՂЇ̉İϳЩ�£¦Ӹ˿Ψ�ǨӦĐͩ�ћ΍Ւ�

έ̬�Әʑ�Ʒu�Ѡ˗�ʄɺ͊ȕzїƉӞʤzїƉѼĸ�nk�zӸ˿Ψ�ǨӦĐͩpӪѣ�j¥zĄЭ

ÑúÙçõϳЩpћ΍}¦w�ªʒ_p˪¤o�{�^w�Ӹ˿Ψ�ĐͩʁǨ�Ї̉İ�ʢȧy§zĸŇŰ

˝�їƉӞʤ�ŲΓy§¦�Нm¤§¦pzѻʫp�k^�w�z) ʤҊԦªΓk�Ї̉İ�πϷϳЩ͗Ɖ

ªѴӵ{�ҋ��^�

 

� � � �

 
 
 
 
���ϸ̑zїƉӞʤՁӞ«�ӞʤХzӞʤХ�ĸŇzӞʤ�ʔΛՂ�ϸ̑�л{ʀ{ªћ΍}¦ϳЩpŝ

İ� 
�) �Ƕ˗ªƙ�z˷ �ÑúÙçõϳЩpӸ˿Ψ�ǨӦĐͩªˑԖ�ǭǷ�£��ћ΍}¦��ȤͿΨ

�zˑԖ�ǭǷzͧȬ�£��ћ΍}¦ϳЩpƲ_Ϯƕ˗~�j¦w�pŰ˪{�^�

ՊՆѠ˗Ձ( ԣz) ԣՂ�ÓãõÀñpƵ˯�ơƁ}¦ʄɺ͊ȕҊԦ��їƉȖԵ�ǷЭǧɒ̛zʘ̞

İаŌЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐՒ�

гɃ�ĝОpӽĀ}¦Ά͎�nu¦ʄɺ͊ȕ�Э�πϷǓҲéµÓÄè�ѰϡӖϊª˪¤o�}¦ιϐ

�z¿ñªȤҗ�}¦ÁÃÎèπϷτȐιϐ��·žɼpǷǳԸszȖԵϭªλϔ}¦���ĐȕĢý�˯

Ӽªѣ{�^{o{zՊՌɌɔ�nk�zїƉӞʤ�гɃ�ĝОpĖē�їkzгū�ʄɺ͊ȕùїƉӞʤ

�ϸ̑гūpɫ�ǨӦՁ”ՂpĝО��Ām¤§¦ǩƳzĝО�ɫ�ǨӦpгū�ƣ�ǩƳ�zгɃ�ĝО

�ŢΨ�ΆʆªїƉÙïéúÉ�Ѱͩ�ǧ�k�ȕӬΨ�ʿȕ}¦ȖԵϭªλϔ}¦w�p�q�^Э�π

ϷǓҲǧ̍ªҋ�¦���ɲԡ��¦їƉÙïéúÉ�ѰͩªӐ��k¦^ՊՍɌɔ��їƉȖԵ�£��

ɫ¤§¦ʑ̑ªΥћ}¦w�p�q¦―ԉ�̊�k¦^�

ՋՆÚÐ�Э̰Ъ¯éúÂõº�ιϐ�£��zѠ˗pơƁ}¦Ά͎��οĩΨ�ʄɺ͊ȕ�ӽĀ}¦ĄЭ

ÑúÙçõϭzаŌЇ̉İϭzʘ̞İϭ�ɦŽª˪¤o�}¦ιϐՒ�

ҡͬ�ūӤїƉ�nu¦ήѪΨ�ȅ�ªƦˬ}¦�y§¦ Social Value Orientation(SVO)pÐÌßÊ°õ

�ʔΛΨɺН���£l�ϺƳy§ÚÐ�οĩΨʄɴ͊ȕpї©§¦�o�éµÓÄèª̤ѱ{�^гū�

ĝО�ǨӦªНʉ}¦ prosocial ºñúß�ͼҘу̉ĥ�ʨƸΊpͧȬ{zг¤�ǨӦ��ª“�}¦

individualist ºñúß�ʨƸΊpǭƁ{�^w�Ăºñúß�їƉɂ�Ȥɵ}¦Э͗Ɖª͉�¦�zѴʍҘ

у̉ĥ�nu¦ĂќԵОºñúß�гū�ǨӦ�ĝО�ǨӦ�ɂ�Ȥ}¦Э͗Ɖ�ɂ�nk�Ōǡ̛

	
 FEW0�A2&�&���ʘ̞İ	
 A2&�&&
��˼ʄ�ɂªξ{zѴʍͼҘу̉ĥ��w�ɂpͧȬ{�^w§¤�Ѫ

ȡ� SVO ªƦˬ}¦äÐè­Ìß�οĩΨ�їƉ͊ȕ�nk�Ōǡ̛p̑�}Ӫѣ�ɦŽªξǆ}¦Ձҏ

˛ʢύĄՂ̂ ¿ñªȤҗ�}¦πϷǓҲǧάιϐ��ӎˆ�£��zʘ̞İzаŌЇ̉İz�{�ĄЭÑú

Ùçõϭ�ɦŽ��k�z¯éúÂõºιϐªʿӐ{�k¦^�

ǘ 3.� Ї̉İ�Ӹ˿Ψ�ǨӦĐͩªћ΍}¦ϳЩ 
Ӹ˿Ψ�ǨӦĸŇ�Ըk˯�ˑԖªǭǷy�¦ϳЩՁƯՂ�ͧȬy�¦ϳЩՁɁՂpƕ˗~�Ѥ¤§

�(Yamada et al., 2013)^ 
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘjò`ȺȹȾ�¤zƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�yk^ɠůѰΘ��ǳ˷ՁιϐϷҠ�ǭԧùͧԧªƹ

�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�yk^ 

Ěɩ�ιϐ�ʿӐ˟ϟ  
ɋʑՊՋzՊՌƣ�ՊՍɌɔ�ȖБ�ǧ�k�ιϐѰΘªʿӐ{�ks^�

ՉՆ� гɃ�ĝОpӽĀ}¦Ά͎�nu¦ʄɺ͊ȕ�Э�πϷǓҲéµÓÄè�ѰϡӖϊª˪¤o�}¦�

ιϐ�nu¦ɠůѰΘ�ûӢǳ˷�ιϐϷҠ�ǭԧ��k�Ւ�

ɠůĐȕ{�ιϐªʿӐ}¦Ą�zɪ̊�ιϐ��ʝ©§�w�o��̪_�їƉȖԵp϶�ҿ�§���

�zιϐО�Đʂ�Ν�¦ȖԵϸ̑pΑ�§zËúèŝǃ�Ӹk˯Ӽªou�ҕҏªЖ¥Ӄ}w��£��

ѰΘ�Ѥή{ªnw���^��ϸ̑zɠů�ѰΘ£¥�ŕ§�ȖԵϭªλϔ}¦w�p�q���zϸ̑

Ψ��åÂÎ®Þ�Ʃu̶��k¦ Š̂İΨ��zՊՌɌɔ�nk�zїƉӞʤ�гɃ�ĝОpĖē�їkz

гū�ʄɺ͊ȕùїƉӞʤ�ϸ̑гūpɫ�ǨӦpĝО��Ām¤§¦ǩƳzĝО�ɫ�ǨӦpгū�ƣ�

ǩƳ�zгɃ�ĝО�ŢΨ�ΆʆՁΆʆӽ˗zїƉĸŇӽ˗ՂªїƉÙïéúÉ�Ѱͩ�ǧ�k�ȕӬΨ�

ʿȕ}¦ȖԵϭªλϔ}¦w�p�q�^Э�πϷǓҲǧάªҋ�¦���ɲԡ��¦їƉÙïéúÉ�Ѱ

ͩªӐ��k¦^{�p��zՊՍɌɔ��їƉȖԵ�ȕӬΨ�ÙïéúÉª˪¤o�}¦ý�ǷqsӐ̹

}¦�˿ɧ�q¦^�nzw�Îúæ�̀̇ªĄɱ�{�zƉ΄ȖԵ�£¦πϷǓҲǧά�ιϐzÚÐ�Э

̰Ъ¯éúÂõº�ѰϡΏҏιϐ�іƳ�£��·žΨ�ιϐªʿӐ}¦���j¥zιϐԢǥ�ÃÉúÐ

˯ͺՁɋʑ () ɌɔՂ��˺ϵɌɔ�j¦ɋʑ (- ɌɔĐϡªǷɊ�ͧԧ	
 -�-&& Ɣţ�{�ιϐʑ̑�ƨ¥�

���ӪͺªЗsw�ªѰΘ{�pz(�Մ(,Մ(- Ɍ�ǷqsΥȲp˿ɧy§¦��z(- Ɍɔ�ιϐҠª (&�&&&

Ɣţ�ǭԧ{�ΥȲªȖ΍y�¦^�

ՊՆ� ) ��ßóÂ±¹Ð��k�z΍ǝӐїĄ�˞{kʑ̑ªƹ��Ěɩ�ιϐ�ʿӐ˟ӮªѴӅ}¦^�

ՁՉՂ�έ̬�Әʑ�Ʒu�Ѡ˗�ʄɺ͊ȕzїƉӞʤzїƉѼĸzӸ˿Ψ�ǨӦĐͩ�πϷǓҲǧά

�ǷЭǧɒ̛zĄЭÑúÙçõϭzѦɑ 5" ̛nЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐՒ�

ՉՂѦɑ5"̛nЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐ0�ǵΙo¤�ʅѧŵʹ�£��z͒ʄ

¡їƉªŬ¥˹m¦w��ӽĀ}¦Ѧɑ5"̛ՅЇ̉İϭ�̰ЪՒѦѧ�ʰξ�£��zƯäÉõ�Ɂä

Éõ�k~§oªӞʤ}¦ҊԦª¿ñ�ї©��^ǨӦӬpǶkՁԸkĸŇ�ՂӞʤª}¦˯�Ʀɵ˯

ӼpįkĸŇ�Ӟʤª}¦�q�Ʀɵ˯Ӽ£¥ηo����zƉ΄�ԸkĸŇ�ӞʤХªʰξ}¦Ѧѧ

ŵʹp΍§¦w�ª˿ɧ{�k¦w�pλ҃y§� Ѧ̂ɑ5"̛��zѦѧ¡Уѧ�ŵʹ�Ȥ{�Ӹkͳ�

�

�

�

�

˯�ɵϞ}¦ !!8 ϳЩzηkͳ˯�ɵϞ}¦ E!8 ϳЩz

ʅѧɵϞª{�k #E ϳЩpȎǝ{�^!!8 ϳЩ�z˾

�{kӞʤХ��їƉØ¯­ÃpԸk˯�˾�{s�k

ӞʤХ(−R)pѣ͉y§�˯ՁҘ�çÃæÌËՂ���z

їƉØ¯­Ãpįk˯�˾�{kӞʤХ(+R)pѣ͉y§

�˯Ձ̷�çÃæÌËՂ�ɟk͗Ɖª}¦w�pŰ˪{

�^�

ǘՌՆѦɑ CM ̛�ʅѧŵʹ�Ӹkͳ˯�жȃɵϞª}

¦ LLF ϳЩ�їƉӞʤ�nu¦ɦŽ 
˾�{kӞʤХ��їƉØ¯­Ã�ɟy�ѣ͉y§�Ӟ

ʤХ�ǨӦ��Ӽ�̷�çÃæÌËՁA,B,CՂn£�Ҙ

�çÃæÌËՁD,E,FՂ�£��͗ɼƏ}¦ LLF ϳЩՁ2
ԣ�ˤ̃Àño¤Ѵӵ{�29Ń�LLFϳЩ�ɋǠɵϞ^

ՁYamanaka et al., in preparationՂ 
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ǘ 6ՆοĩΨʄɺ͊ȕ�nu¦ÚÐ�ʘ̞İ�а

ŌЇ̉İ�ӽĀ(Haruno et al., in submission) 

� � ՊՂĄЭӢĮ�£¦ÑúÙçõÓìúóõ�ǨӦĐͩћ΍�ԫĭͺ�ίәͺՒÑúÙçõÓìúóõ�Ą

ЭаŢŌӢ�аŌќьӫ(VTAՂ�ЧǵŌӢ�ԼҦЋȟӢ(SNc)�ūɆ{zʢȧŘpΝ�¦^ɪ̊�ιϐ�� 

 
 
 
 

¤§�˯��Đͩy§�ǨӦpɫ¤§�o��˯��ˑԖªǭ¡}zûйΨ�ÑúÙçõÓìúóõ�Ν�

¦΅ɼªʯ���pj¦w�ªѤŪ{�ՁǘՍՂ̂ ҏ˛Υћ�ͭŏĄ�j¦^ 
ՁՊՂ�Ѡ˗Ձ( ԣz) ԣՂ�ÓãõÀñpƵ˯�ơƁ}¦ʄɺ͊ȕҊԦ��їƉȖԵ�ǷЭǧɒ̛zʘ

̞İаŌЇ̉İϭ�πϷǓҲǧάª˪¤o�}¦ιϐՒ�

bιϐ�ӐȲΆ͎c�̱�ˣӅ{�Ӌ¥zՊՌɌɔ�ɠůĐȕ{�ιϐªʿӐ}¦Ą�zɪ̊�ιϐ��ʝ

©§�w�o��̪_�їƉȖԵp϶�ҿ�§����zιϐО�Đʂ�Ν�¦ȖԵϸ̑pΑ�§zËúè

ŝǃ�Ӹk˯Ӽªou�ҕҏªЖ¥Ӄ}w��£��ѰΘ�Ѥή{ªnw���^��ϸ̑zɠů�ѰΘ£

¥�ŕ§�ȖԵϭªλϔ}¦w�p�q�^w�Îúæ�̀̇ªĄɱ�{�zƉ΄ȖԵ�£¦πϷǓҲǧά

�ιϐzÚÐ�Э̰Ъ¯éúÂõº�ѰϡΏҏιϐ�іƳ�£��·žΨ�ιϐªʿӐ}¦���j¦^ο

ĩΨʄɺ͊ȕ�ӽ}¦Ɖ΄ªȤҗ�}¦πϷτȐιϐn£�ÚÐªȤҗ�}¦їƉùɱΏȐιϐ¡Э̰Ъ¯

éúÂõºιϐ�ӂɌǷǳΫ«�ї©§�k¦pz̀̇¤�ѰΘ��Ըk·žɼpj¥zιϐ�ΥȲ�£�

�ŘȪΨ�ιϐ��¦�λľ{�k¦^ιϐԢǥ�ÃÉúÐ˯ͺՁɋʑ () ɌɔՂ��˺ϵɌɔ�j¦ɋʑ

(- ɌɔĐϡªǷɊ�ͧԧ{�ιϐʑ̑�ƨ¥����ӪͺªЗsw�ªѰΘ{�pz(�Մ(,Մ(- Ɍ�Ƿq

sΥȲp˿ɧy§¦��z(- Ɍɔ�ιϐҠªǭԧ{�ΥȲªȖ΍y�¦^�

ՁՋՂÚÐ�Э̰Ъ¯éúÂõº�ιϐ�£��zѠ˗�¿ñpơƁ}¦Ά͎��οĩΨ�ʄɺ͊ȕ�ӽĀ

}¦ĄЭÑúÙçõϭzаŌЇ̉İϭzʘ̞İϭ�ɦŽª˪¤o�}¦ιϐՒ�

ý�ՁՊՂ�ѴӅ{�Ӌ¥z̃ιϐҊ

Ԧ�z¿ñªȤҗ�}¦πϷΑΏȐzÚ

ÐªȤҗ�}¦Э̰Ъ¯éúÂõºι

ϐ�ѰϡΏҏιϐ�іƳΨ�ιϐ�·

žɼpj¥zѠ˗�¿ñªȤҗ�}¦Á

ÃÎèπϷτȐ�Ӑ̹pzÚÐªȤҗ�

}¦ιϐ�Ƿq�ҚΈª}¦^û˟z}

��Э̰Ъ¯éúÂõºιϐ�ʑ̑p

ɫ¤§�k¦ՁǘՎՂ̂ �

 

 

ҋ�¤§�k�o��Ӹ˿Ψ�Ǩ

ӦĐͩ�ǨӦĐͩ҆ɂ�ћ΍��

k�ĂӢĮ�ԫĭ�ίәªҋ��^

��ϸ̑zаŢŌӢ�Óìúóõ

�zȨ̊�ǨӦªj�¥Žɛo�k

�ՁŽɛȕ˗ gamma �ǷqkՂӸ

˿Ψ�ǨӦĐͩ�ǨӦĐͩ҆ɂľ

ưªлsћ΍}¦��Ȥ{�zЧǵ

ŌӢ�Óìúóõ�Ӹ˿Ψ�ǨӦ

Đͩª}¦��pȬ�sՁŽɛȕ˗

gamma �ȫykՂz��ǨӦpɫ ǘ 5Ն¿ñ�ÑúÙçõϳЩ�ĄЭӢĮ�£¦ǨӦĐͩ�҆ɂľ

ưћ΍�ԫĭɼ�ίәͺ(Enomoto et al., in preparation) 
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ιϐԟέ A03-3 ιϐҊԦƶ ǨӦùɳӠ�ʄɴ͊ȕ�̰̩Ѭ̎ 
ιϐĠћОƶՁʗȳՂ ΟΔ� ҞļՁėӣǷȐùƒȐιϐτù΅ȕŨ˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 16,900 5,054 4,038 169 1,496 6,143 

ɋʑ 24 Ɍɔ 14,100 3,130 6,646 189 45 4,090 
ɋʑ 25 Ɍɔ 13,500 2,000 2,000 1,500 3,000 5,000 
ɋʑ 26 Ɍɔ 12,800 2,000 1,800 1,000 4,000 4,000 
ɋʑ 27 Ɍɔ 10,700 0 2,700 1,000 4,000 3,000 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�yk^ 
ūƶƻuƱƮ�

� ǷЭǧɒ̛�ӔƉ�ØïõÃ�ŴɬӢĮ�j¦���¤~zȅ�{k�

�ª͉�¦ǨӦїƉzÿɷ���ªӠu¦ɳӠїƉzǨӦoɳӠoªӞʤ

}¦ʄɺ͊ȕ(decision making)ªˎӤ}¦ɲԡ�ЭӢĮ�j¦^ǧɒ̛�

πϷǓҲЁ�ǷЭΩҦmЇ̉İՁЇ̉İŹӢ�Ōǡ̛ՂmԼҦЁ̪ӢmѦɑ�

πϷϷҲ�ɢʑy§zy¤�͞Բİ¡ʘ̞İo¤Ѵʍ¡ʁƉ�ʁǨŜſª

Ʃu¦ՁǘՉՂ̂ ǷЭǧɒ̛�ԼҦЋȟӢƣ�аŌќьӫo¤�ÑúÙç

õ�£��ŴɬªƩuzÙú·õÇõ΢�ÑúÙçõ�̔ͣ�£��z�

�ѐ΄ķȎΣ�ÑúÙçõ�ΝɉĕӐ�£��҄Υy§zϬππϷΡɿª

ΏѬ}¦ý��Ӫѣ�ЭӢĮ�j¦^ιϐĠћО�¯èÖÐ·Áõ̬Ψϳ

ЩκǮ͏ªΓk�zӔƉŴɬùǨӦїƉùѐ΄ķȎΣ�nu¦Ї̉İȯʗ

πϷǓҲ�Ŵɬ̰̩ªѬ˪{�(Kaneko, Hikida et al., Science, 2000; 
Hikida et al., PNAS, 2001; Hikida et al., PNAS, 2003; Kitabatake, 
Hikida et al., PNAS, 2003)^{o{�p¤ǷЭǧɒ̛�Ćѣ�πϷǓҲ

�j¦Ї̉İo¤ԼҦ��ήʾҲ�ӼʾҲ�Պ��ĪӘϷҲ�w§¤�

̰Ъ�Ȥ}¦ɦŽ��k��z�§�§�ϷҲ�Ї̉İϳЩpɢʆȐΨ�

Ƶû�j¦���Պ��ϷҲªě{�ǧɒ̛πϷǓҲ�Ŵɬ̰̩�Ƕs

pÿ˪�j��^ 
� �w�ιϐĠћО�ιϐūʧО�ǷЭǧɒ̛πϷǓҲ�˞ѥ�ιϐ͏

�{�zήʾҲ�ӼʾҲ��§�§�΅ΝΨ�ƬӊΨπϷĪӘӿ̶͏

(Reversible Neurotransmission Blocking; RNB ͏ )ªӻΥ{�(Hikida et al., Neuron, 2010)^κőԭ

ф́ϱՁTNՂ�ÁÒßÃԥϪ� VAMP2 єΦҦª΅ΝΨ�Ŭ˝{πϷĪӘªӜ˝}¦^¿ÞÃÉõÃ P (SP)
ƣ�²õ»Ý¬ðõ (Enk)�ßóêúÉúªΓk�ήʾҲ�ӼʾҲ� TNª DOXҹŦǔȌ(tTA)ķȎΨ�΅Ν

Ψ�Υ΍y�zήʾҲ�ӼʾҲ�ĪӘªӞʤΨo�ƬӊΨ�ȓŝ�Ӝ˝�q¦êÏñæ°ÃªĲџ}¦w��

ʑƀ{�ՁǘՊՂ̂ w�ϸ̑zήʾҲ�ǨӦїƉƣ�ѐ΄ķȎՁǨӦїƉ�΢ΨΆʆ�Ѯm¦ՂªˎӤ}¦Ī

ӘϷҲ�j¥zû˟ӼʾҲ�ɳӠїƉªˎӤ}¦ĪӘϷҲ�j¦đª˪¤o�{zǧɒ̛πϷǓҲ�Ŵɬ�ӽ

{�ŝs˞{kƞΏªξ{�ՁǘՉՂ̂ {�p��̃ιϐ�nk�� RNB êÏñæ°ÃªΓk�zǨӦùɳӠ

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�
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їƉ�zǨӦ�ɳӠªӞʤ}¦ʄɺ͊ȕ�nk�zπϷǓҲӼ�ʁǨ�ϺƳ�ũΏ�ūȌ̰̩�γέ{�ǷЭ

ǧɒ̛ªĄɱ�{�ЭπϷǓҲ�Ŵɬ̰̩ª˪¤o�}¦^ 
 
̃ιϐ�̨ѣ  
�� Ƥ¾ǟƣģčtdgćǗþĩŷƸǆ÷ȈuÙĸƄſuǮŢ�

� ǷЭǧɒ̛�ɁƯĂŌ�ԍț�£��

ů��̰ЪªǎǼ{zo�ƵŌ�ЭӢĮo

¤�ʁǨ��pŜſ�{�œsw�pζ

¤§�k¦^ǧɒ̛�w�΅ɰªΑo{z

ûŌ�ήʾҲʓk�ӼʾҲª RNB ͏�

Ӝ˝{�ɩzy¤�ĝŌ�ǧɒ̛z͞ Բİz

ǷЭΩҦzʘ̞İ���ό_�­¾ÓÃÐ

ʓk�­õÉ¾ÓÃÐª͒Ŝ{Ձǘ 3Ղz
ǷЭǧɒ̛poo©¦ό_�ǨӦùɳӠї

Ɖ�nu¦ήʾҲ�ӼʾҲ�ɦŽ�πϷ

ǓҲӼ�ϸƳ̪ɚn£�ĪӘŴɬ̰̩ª

˪¤o�}¦^ιϐĠћО�ήʾҲpǨӦїƉ�ѐ΄ķȎΣ�zӼʾҲpɳӠїƉ�ӽĀ}¦w�ª˪¤o�

{�k¦(Hikida et al., Neuron, 2010)^{�p��ǨӦїƉzѐ΄ķȎїƉzɳӠїƉªʰ̬�}¦w��ή

ʾҲʓk�ӼʾҲ�΅ΝΨ�їƉѐΏȐΨѬ̎pƬЪ�j¦^ŠİΨ��zǨӦїƉzѐ΄ķȎїƉ�ɁƯĂ

ŌЇ̉İ�ήʾҲӜ˝�£��ӿțy§¦pzûŌ�ήʾҲӜ˝����ӿțy§�kw��λ҃ͤ��j

¦^�w�ûŌήʾҲӜ˝æ°Ã�ĝŌЇ̉İ�ÑúÙçõƩȝİ¡ÅóÐÓõƩȝİ�ʮʣѐªʢĀ}¦w

��£��zǨӦїƉ¡ʄɺ͊ȕ�nu¦ήʾҲ��ÑúÙçõ¡ÅóÐÓõ�£¦ʁǨĪӘ�ūȌ̰̩ªƵ

ȕ}¦^y¤�zÑúÙçõn£�ÅóÐÓõƩȝİŵʹѐzʮʣѐ�ʢĀ˯˿ªǨӦ/ȋʀŵʹ�ŹɩՁїƉ

Ѵʍ�Ήɫ˿Ղ¡ǨӦ/ɳӠїƉ¡ʄɺ͊ȕїƉ�Υ΍˯zπϷĪӘŤӻɩ(їƉѴʍϿʯ˿)�їlw��£�

�zʄɺ͊ȕїƉ�Υ΍�Ήɫ/Ͽʯ�ϱӖϊ�πϷǓҲŴɬ̰̩ª˪¤o�}¦^ǨӦùɳӠїƉ�nu¦Ƿ

Эǧɒ̛�zʘ̞İz͞ԲİzǷЭΩҦzЏЇ̛���ʁƉ¡Ѵʍ�ʁǨŜſ�ӽĀ}¦ЭӢĮ��̰ЪΨ�

πϷǓҲӼ�ʁǨũΏ��k��ŝsζ¤§�k�k^ûŌЇ̉İ�ӼʾҲӜ˝ª{�æ°Ã�ĝŌ�w§¤

�ЭӢĮȯʗՁĵm�ʘ̞İ¡ŹԣŹӫՂ�ðÑµ¯õ���πϷ͗Ɖӿțѐ¡ό_�ĪӘ΄ҦӿțѐªʢĀ

}¦w��£��zǨӦùɳӠїƉ�nu¦̰ЪΨπϷǓҲª˪¤o�}¦^ 
 
	� ńŀƊď9ǷƴƄǖtBcgƲőȈTȣőȈuĴÝuǮű�

ǨӦїƉ�ɳӠїƉªӞʤ}¦ʄɺ͊ȕ�nk�zǷЭǧɒ̛�ήʾҲ�ӼʾҲªÃ¯ÌËõº}¦Ŵɬ̰

̩pӪѣ�j¦�Нm¤§¦ Ǩ̂Ӧ¡ȋʀŵʹ�ǧ�k�їƉӞʤªїlҊԦªƓȍӆҲź âïõÐѝЗՁş

�΍˼̰ǑՂ�£¥zήʾҲӜ˝æ°Ãƣ�ӼʾҲӜ˝æ°Ã�Ȥ{�Ȗˠ{zʄɺ͊ṵ̏Ъ�nu¦ήʾҲ

�ӼʾҲ�ɦŽªѬ̎}¦^��ƦҹҊԦªїlw��£��zʄɺ͊ȕ�ӽĀ}¦Мʈɼz̖Ҹɼ�πϷǓ

Ҳ�Ã¯ÌËõº̰̩ªНȡ}¦^��zЇ̉İŢ�ӢĮ�£¦ǨӦùɳӠїƉ��ɦŽ�әkªƵȕ}¦�

��zЇ̉İ�ŹӢùЧǵŌӢùЧŢŌӢ��§�§� RNB ªѽ�zǨӦùɳӠїƉªѬ̎}¦w��£�

�zЇ̉İŢƲӢĮ��πϷʁǨũΏ�πϷǓҲŴɬ̰̩ª˪¤o�}¦^ 
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{z΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�yk^�

ιϐ˿Ӽ�nk�̃ιϐҊԦ��Ģþ�w�ª˪¤o�{£l�{�k¦^ 
(1) ƬӊΨπϷĪӘ͏�ѐΏȐΨʙ͏ª϶�Ƴ©�¦w��£��zko�¦ĪӘ΄Ҧp��£l�̰̩�Ǩ

ӦùɳӠїƉªŴɬ{�k¦oªѬ˪}¦^΅�ήʾҲ�ӼʾҲ�Ã¯ÌËõº̰̩�ǷЭΩҦz͞Բİz

ʘ̞İzЏЇ̛��Ѵʍ¡ʁƉªƱ¦ЭӢĮ��ʁǨĪӘ̰̩ª˪¤o�}¦^ 
(2) ǨӦ�ȋʀŵʹ�ʁǨªǧ�{�ʄɺ͊ȕ�nu¦ήʾҲ�ӼʾҲ�ɦŽªƵȕ{zǨӦùɳӠїƉzʄ

ɺ͊ȕ�nu¦ήʾҲ�ӼʾҲ�͗Ɖɼ�ǳƏ�zw�͗ƉǳƏª��¤}ǷЭǧɒ̛πϷǓҲŴɬ�ū

Ȍ̰̩ª˪¤o�}¦^ 
 
ιϐ�ӐȲΆ͎  
΍ǝ���nk�z�§�§�ԟέ��k�Ģþ�£l�ιϐpӐȲ{�k¦^ 
(1) ƬӊΨπϷĪӘ͏�ѐΏȐΨʙ͏ª϶�Ƴ©�¦ΑİѐΏɀȐʙ͏ªӻΥ{�Ձ:WYWRO�Sb�OZ���

B#3E�(&
)Ղ̂ ûŌ�Ōǡ̛�ƬӊΨπϷĪӘ͏ªȪŜ{zήʾҲj¦k�ӼʾҲ�πϷĪӘªӜ˝{�æ

°Ã�ĝŌ�Ōǡ̛�πϷĪӘ΄ҦƩȝİ­¾ÓÃÐz­õÉ¾ÓÃÐª͒Ŝ{zǨӦїƉƣ�ɳӠїƉª

Ѫȡ{�ՁǘՋՂ̂ ǨӦїƉѽԵ�j¦̉ĥĞuǩʗǐȅɼѽԵ�nk�z3 ˤӼ�Ëî½òúÐ�£¦ǩʗ

̉ĥĞu�Ԍ�Đ�µÓìúïo¤ѐ΄ʢĀªїl�z΂ŌήʾҲӜ˝(D-aRNB)�ÑúÙçõ D1 ­õÉ¾

ÓÃÐ�j¦ SCH23390 �ʢĀ�϶�Ƴ©����z

ĂŌήʾҲӜ˝�Ƶϛ�ǩʗǐȅɼ�ʡŴpѤ¤§

�^w�ϸ̑o¤zǨӦїƉ�nk�ήʾҲ� D1 Ʃ

ȝİ�͗ɼƏpɲԡ�j¦w�ªξ{�^̳�zɳ

ӠїƉªûѽї�£¦ʡŴɼǓӠѽԵ�ͩȕ{�^

w�ѽԵ��zæ°Ãp˪șo¤˳ș�ψƉ{�˯

�Ԗ“ÁîÌ¹ªĀm�^(
 ˯Ӽɩ�Ť�˪ș�æ

°ÃªŜ§z˳ș�ψƉ}¦���˯Ӽªͩȕ{�^

Ԗ“ÁîÌ¹�£¦̉ĥĞu�ήŹ�ѐŻʢĀªї

l�z΂ŌӼʾҲӜ˝	
 ;�OD#4�� 6( ­¾ÓÃÐ�j

¦ BcW?AWC]ZS j¦k� OCWAWACOh]ZS �϶�Ƴ©�

���zĂŌӼʾҲӜ˝�Ƶϛ�ɳӠїƉ�ʡŴp

Ѫͩy§�^w�ϸ̑�ɳӠїƉ�nk�ӼʾҲ�

6( Ʃȝİ�ÿ͗ɼƏpӪѣ�j¦w�ªξ}^ʡŴ

ɼ 6(Ʃȝİ�ÿ͗ɼƏ�ӼʾҲϳЩ�ºñÉçõӧ

ĪӘ�nk�Ӹ˿ǭɟ	
 !FB�ª҄Ȫ}¦w�pζ¤

§�k¦ �̂w�zӼʾҲ�πϷƬǪɼ�Ӫѣ�Ʃ

ȝİЙ�j¦ #"63 Ʃȝİz­ÏÖÁõ 3(O Ʃȝİz

µõÒÛÖ¯Ñ 54
 Ʃȝİ�ӽĀªҋ���w¨z

ӼʾҲϳЩ�Ӹ˿ǭɟªɛqҫw} #"63 Ʃȝİ�

3(O Ʃȝİ�͗ɼƏn£� 54
 Ʃȝİ�ÿ͗ɼƏ

pzɳӠїƉ�ɲԡ�j¦w�pūo�� Ģ̂ý�

ϸ̑o¤zûӎ�πϷĪӘ΄Ҧ�£¦ήʾҲj¦k

�ӼʾҲ�΅ΝΨ�ƬǪɼ�ǳƏpǨӦùɳӠїƉ
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�ʑϔ�ӽĀ{�k¦w�ªξ{�	
 ǘՌ�^��zǨӦùɳӠŵʹ�£¦ÑúÙçõϳЩ�Υͷǭͧpήʾ

Ҳ�ӼʾҲ�Ã¯ÌËõºªї��k¦w�pξǆy§�ՁǘՍՂ̂ �

� y¤�zʄɺ͊ȕ�Ӫѣ�ÅóÐÓõ�πϷǓҲªƵȕ}¦���zʙЀ̛�ЬӼ̛�ЏЇ̛�πϷǓҲª

[9ZcD(�AC][]bSC00V;!(D�98B ÐïõÃÂ±ÓÌ¹æ°Ã� 98B � bCOQSC �£¦ҁϳ�Ѭ̎ªї��

	
 KO[OUcQVW�Sb�OZ���#ScC]?�(&
)�^��ϸ̑z͞Բİ�üѫĄԋ̛�аŌŢŌʙЀ̛�ЬӼ̛ĄɱӢ�Џ

Ї̛�ʘ̞İ�ŹĖӎɑ̛�ЧŌŢŌʙЀ̛�ЬӼ̛ǵЌӢ�ЏЇ̛�Պόԫ�ūԔ{�πϷǓҲª˞��Ƶȕ

{� ŷ¤�¯èÖÐ·Áõ̬ΨϳЩκǮ͏�£¥ƲϷҲªԄƠ{�æ°Ã�їƉªѬ̎}¦w��£��z

ŹО�πϷǓҲ�ÿȒїƉªzɩО�πϷǓҲ�ɽɹїƉª�§�§Ʊ¦w�ªξ{�^w§¤�ʁƉїƉ

�ӽĀ}¦πϷǓҲpÅóÐÓõπϷĪӘªӋ|�ʄɺ͊ȕїƉ�ӽĀ{�k¦w�pξǆy§�^�

�

(2) ǨӦ�ȋʀŵʹ�ʁǨªǧ�{�ʄɺ͊ȕ�nu¦ήʾҲ�ӼʾҲ�ɦŽªƵȕ}¦���zƓȍӆ

ҲªΓk�zǨӦȐМ���̖Ҹɼ�nu¦ǷЭǧɒ̛πϷǓҲ̰̩ªҋ��(Yawata et al.,  PNAS 
2012)^ǘՎ�ξ}£l�zƓȍӆҲ�nk� A j¦k� B �­úè�k~§o�ǨӦªЗqzǨӦ�j¦

¾úñ��ųӘªȐМy�¦^ϙûҊԦՁǘ 6AՂ��ӼʾҲӜ˝æ°Ã�ӫΑǢæ°Ã�Ƶ̪�ȐМ{�

pzήʾҲӜ˝�ȐМӒɘªɛqҫw{� ϙ̂ûҊԦ�ǨӦȐМpʑϔ{�ɩ�zϙĒҊԦ�{�ƦҹҊԦ(ǘ
6B)ªїl�zӫΑǢæ°Ã�ήʾҲӜ˝æ°Ã�ϙûҊԦ��¾úñ�j�� A �­úè�ǨӦpЗo§

�k�k��z˗Ǔ�ƦȤŌ� B �­úè�ӐŜªѽ�¦̖ҸɼpѤ¤§�Ձǘ 6CՂpzӼʾҲӜ˝�Ź

ҊԦ�¾úñ��ǙǦpѤ¤§zͼǨӦ��ӽ©¤~ A �­úè�˼ʄ�Ƕ˗ǓӎϾ{�ųӘ{zϸ̑�{

�ϙĒҊԦ��ȐМӒɘpѪȡy§�^Ģý�ϸ̑o¤zǨӦїƉ��ήʾҲpzїƉ�̖Ҹɼ��ӼʾҲ

p�§�§ӽĀ{�k¦w�pξy§�^y¤�ΑİѐΏɀȐ͏�£¥zƓȍӆҲҊԦ��ǨӦїƉ���

̖Ҹɼ�nu¦ÑúÙçõ�£¦ǷЭǧɒ̛πϷǓҲ�Ŵɬ̰̩ªҋ���w¨zήʾҲӜ˝� D1 ­õÉ

¾ÓÃÐ�϶�Ƴ©��΅ΝΨ�ƓȍӆҲҊ

Ԧ�ȐМӒɘpѤ¤§zû˟zӼʾҲӜ˝�

D2 ­¾ÓÃÐ�϶�Ƴ©��΅ΝΨ�ӊҹȐ

МҊԦ�nu¦̖Ҹɼ�įþª҃�� ŵ§¤

�ϸ̑�zǨӦj¦k�ǨӦĐͩ�£¦Ōǡ̛

��ÑúÙçõ͵ɔ�ý˩pήʾҲϳЩ D1 Ʃ

ȝİªŵʹ{ǨӦȐМªɢʑ}¦��Ȥ{zĐ

ͩǵ�ͼǨӦ�£¦Ōǡ̛��ÑúÙçõ͵

ɔįþ�ӼʾҲϳЩ� D2 Ʃȝİo¤ÑúÙç

õªǵ}đ�£��ʡŴªѬԄ{z��ϸ̑�

{�ӼʾҲª͗ɼƏy�zїƉ̖ҸɼªʧĽ{

�k¦w�ªξ}Ձǘ 6Ղ̂ ʄɺ͊ȕїƉ�n

u¦ȐМ���̖Ҹɼ�nk��ÑúÙçõ

�£¦ήʾҲ�ӼʾҲ�Ã¯ÌËõº̰̩�

ˎӤy§�k¦w�pξy§�Ձǘ 5Ղ̂  
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘjò`ȺȹȾ�¤z

ƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�yk^ɠůѰΘ��ǳ˷ՁιϐϷҠ�ǭԧùͧԧªƹ

�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�yk^ 
� ɠů�ιϐѰΘӋ¥ɋʑՊՎɌɔĢԁ�Ģþ�£l�ιϐªӐ�¦^ 
� ɋʑ 24 Ɍɔ£¥zιϐĠћОpėӣǷȐǷȐԃƒȐιϐτ�ΝƉ{�pzŞΪҙǕ͏ĘǷӾØ¯´¿¯²

õÃιϐʗ�ʗȳ{�k¦Պƶ�ιϐūʧО�ş�zĂˠѶ�nk�ιϐªʿӐ}¦^��zɋʑՊՍɌɔ£

¥zåÃÑ¹ιϐǃªԒΓ{�k¦^{�p��zιϐϷҠ�ɠů�ιϐѰΘӋ¥�ӭԧ�ȇɠ�j¦^ 
 
ɋʑՊՎɌɔĢԁ�ιϐѰΘ 
���Ƹǆ÷ȈȣuŃÿ½ȗtȤigÖċƄſuǮŢ�

� �����ǘÉǧǞȟƸǆǄǕuÎș½čtdgÙĸtdloǘÉǧǞȟRÉüŷȣu�¤��¢tdg

ÙĸƄſjǮŢggW�

    ΑİѐΏɀȐ͏�£¥zǘՍ�ξ}£l�zŌǡ̛ŢÁÒßÃ�nu¦ÑúÙçõ�ǭͧpήʾҲ�ӼʾҲ

�Ã¯ÌË����k¦w�pξǆy§�(Hikida et al., PNAS 2013; Yawata et al., PNAS 2012)^�w�z

Ōǡ̛�ʢȧª{�k¦аŌќьӫ�ÑúÙçõπϷ�͗ƉŴɬªїlw��zÑúÙçõϳЩ�πϷ͗Ɖ�

ǳƏpήʾҲ�ӼʾҲ�Ã¯ÌËõºªїl�k

lģ҇ª̤ѻ}¦ ї̂ƉĄ�͢Ӣ϶Е��řŵʹ�

ʙ͏�ιϐ϶ЕŢ�λϔ{�k¦(Hayashi et al., 
Eur J Neurosci 2012)^΍ǝzÑúÙçõπϷ΅Ν

Ψ�ӟĪȌΥ΍ª҄Ȫ}¦w�pƬЪ� TH-Cre 
æ°Ã� AAV �£¦ӟĪȌȪŜª϶�Ƴ©�¦w

��zаŌќьӫ�ÑúÙçõπϷ΅ΝΨ�ËëÕ

ñóÑßÁõ�{s�×óóÑßÁõªΥ΍y�

�k¦^w�æ°Ã�ΚЗɚřÝ¬¯ØúªΓkz

їƉĄæ°Ã�nk�ÑúÙçõπϷ�͗ƉŴɬ

}¦ϭªλϔ{�k¦ՁǘՏՂ̂ ̃˟͏ªΓk�z

ǨӦùɳӠїƉ�nu¦аŌќьӫmŌǡ̛Ӽ�ÑúÙçõ�£¦Ŵɬ̰̩ªѬ˪}¦^ 
 
� ��	�� ©ȧŷRŌǈŷRǋǊŷǆȈtdg} ��¢£�¤��¢uÙĸTćǗþĩŷƸǆ÷Ȉ[u

ĳȭjǻygW�

� ʁƉїƉ�ӽĀ}¦Ąԋ̛mʙЀ̛mЏЇ̛ϷҲ(Yamaguchi et al., Neuron 2013)pʄɺ͊ȕ�ӽĀ}¦Å

óÐÓõùÑúÙçõª��£l�Ŵɬ}¦oª˪¤o�}¦���zƲϷҲª¯èÖÐ·Áõ̬ΨϳЩκǮ

͏�ԄƠ{��q�ǷЭǧɒ̛Ţ�ÅóÐÓõùÑúÙçõ�͵ɔǳƏªͩȕ}¦^ǨӦùɳӠїƉ˯�Ñú

Ùçõ�͵ɔǳƏ�äñÉéÐðú͏�� 0.1 υĢþ�Ըk˯ӼūѬЪ�ҋ�¦ ʙ̂Ѐ̛-ЏЇ̛ϷҲªƹ�ʁ

ƉїƉϷҲp��£l�ǨӦùɳӠїƉ�ӽĀ}¦oªz¯èÖÐ·Áõ̬ΨϳЩκǮ͏ªΓk�ƲϷҲªԄ

Ơ{zÿȒїƉj¦k�ɽɹїƉp΅ΝΨ�ǳƏ{�æ°Ã�ǨӦùɳӠїƉ¡ʄɴ͊ȕїƉªѪȡ}¦w�

�£¥Ѭ̎ª}}�¦^ΑİѐΏɀȐ͏ª϶�Ƴ©�¦w��£��zʁƉїƉªƱ¦πϷǓҲ�ǷЭǧɒ̛

πϷǓҲ�Ӽ�ʁǨĪӘ�ӽ©¦ūȌ̰̩ªѬ˪}¦^ 
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	�� dfȸīsÿȝ£ĽȚu°ƔTńŀƊďǣßuƄſǮű�

� ɳӠŵʹªĐͩ{�Đ�їƉ}¦ЪƉΨɳӠїƉ¡ǨӦ�ǧ�s

҃ζȐМҊԦ��z£¥Ըɔ�ʄɺ͊ȕїƉ�nu¦ǷЭǧɒ̛πϷ

ǓҲ̰̩ªѬ̎}¦^ЪƉΨɳӠїƉ�zƛԆªĐͩ{ώ̦Ψ�ǓӠ}¦ї Ɖ

�z£¥Ըɔ�Đͩ�ʄɺ͊ȕªɲѣ�}¦ՁǘՐՂ̂ {�p��zʡŴɼǓ Ӡ ѽ Ե

�Ѫȡy§¦ƩƉɼɳӠїƉ��Ν�¦ǷЭǧɒ̛πϷǓҲ̰̩pНm¤§¦^ ǘ Ր �

ξ}£l�zЪƉΨɳӠїƉѬ̎͏�nk�zæ°Ã��̉ĥŵʹ�

{�Ԝ¡řªˁξ{zûȕ˯ӼŢ�űș�ψƉ{�kǩƳÝÌÐÁî

Ì¹pĀm¤§¦^æ°Ã�zÝÌÐÁîÌ¹ªǓӠ}¦��̉ĥŵ

ʹ�Ʀɵ{�ЪƉΨɳӠȐМªΉɫ}¦ R̂NB ͏�£¥Ї̉İ�ήʾ

Ҳ���ӼʾҲª΅ΝΨ�πϷĪӘӜ˝{zЪƉΨɳӠȐМ��ɥԝ

ªѪȡ}¦^��zπϷӜ˝}¦ЭӢĮªЧŢŌЇ̉İzЧǵŌЇ̉ İz�{s�а

ŌЇ̉İ�Ԃȯ{zЪƉΨɳӠȐМª�|��{�z£¥Ըɔ�ǨӦù ɳӠ�Đͩ�ʄ

ɺ͊ȕїƉ�ӽ©¦Ї̉İӢĮªƵȕ}¦^ 
 

�� ÿȝ£ĽȚu°ƔTńŀƊďǣßtBcgćǗþĩŷƸǆ÷ȈƜƪƮsƸǆǄǕÓŃÿ½ȗ

ǆȈuǮű�

� ΑİѐΏɀȐ͏�nk�zπϷĪӘ΄ҦƩȝİ­¾ÓÃÐz­õÉ¾ÓÃÐ�Ɓm�zπϷϳЩŢʁǨĪӘ

΄Ҧ�Ȥ}¦ʮʣѐ��ªΓk¦w��£��zǷЭǧɒ̛πϷǓҲ΅ΝΨ�πϷϳЩŢʁǨĪӘϷҲªѬ̎

}¦^΅�zπϷƬǪɼ�ӽĀ}¦ϳЩҦŢǔȌ�γέ}¦^ĵm� cAMP �πϷƬǪɼ��ӽĀpζ¤§�

k¦pzήʾҲ�ӼʾҲªūu� in vivo Ѭ̎pŪ̊�k�k^ǨӦùɳӠїƉ�nu¦ in vivo ��ήʾҲj

¦k�ӼʾҲ΅ΝΨ�ϳЩŢʁǨĪӘ΄Ҧ�ɦŽªƵȕ}¦^ 
� y¤�zπϷϳЩŢʁǨĪӘ΄Ҧ� in vivo �nu¦ƬѦƏªїkzήʾҲ�ӼʾҲ��§�§��Ϸ˯Ψ

�ǳƏªѪȡ}¦^ǷЭΩҦ¡͞Բ��ЭћԚ�πϷϳЩ�ѧӨzїƉ

˯�͗ƉǳƏ�ĒřȌòúÀú¯éúÂõº�£¦ιϐpӐ«�k¦

pzǷЭǧɒ̛�£l�Э͢ӢπϷǓҲ�nu¦πϷ͗ƉǳƏ�¯éú

Âõºιϐ�Ӓ§�k¦^�w�zιϐ϶ЕŢ�nk�zřÝ¬¯Øú�

£¦ŢѦӶªě{�Э͢Ӣ� in vivo πϷǓҲ͗ƉªѪȡ}¦ԩɮŢѦӶ

ÁÃÎèªӻΥ{�k¦Ձǘ 9Ղ̂  
� ήʾҲj¦k�ӼʾҲ�πϷϳЩªѕřєΦ�̬Ҕ{z΅ȕϳЩ�͗Ɖ

ÙÉúõª Ca2+мϱzԖĮķȎɼмϱz͗ƉķȎɼѕřєΦzϳЩŢʁ

ǨĪӘєΦðõӧƏķȎɼѕřєΦª��k�z˯ϑӼΨ�Ѭ̎}¦^Ǩ

Ӧ/ɳӠŵʹªĀm��qzǨӦ/ɳӠŵʹpĐͩy§��qzn£�ǨӦù

ɳӠїƉ¡ʄɺ͊ȕªї��k¦�q�ήʾҲ�ӼʾҲ�πϷϳЩŢʁǨ

ĪӘ�ǳƏªѪȡ}¦w��zĐͩ�ʄɺ͊ȕїƉ�nu¦ǷЭǧɒ̛π

ϷǓҲŴɬ�ūȌ̰̩ª˪¤o�}¦^ 
 
 
 
 

 

ù 
��ǖßƮĽȚǣßǮűƍ�

ù ���ȴĹÓǫy{��ƍ�
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ιϐԟέ X00 ιϐҊԦƶ Đͩ�ʄɺ͊ȕ�ЭŢѰϡ̰̩�ιϐʿӐ 
ιϐĠћОƶՁʗȳՂ ӰҖ� Ҥ͍Ձ͋→τȐʟљǷȐԃǷȐùτȐʟљιϐτù˔ʹՂ 

Ɍɔ 
ιϐϷҠ� ƳѰ 

ՁƔţՂ 
ĴΓŢ−ՁƔţՂ 

ѶŏŏǂҠ ͟РǂҠ ˡҠ ĘĥҠùғӭ ��ĝ 

ɋʑ 23 Ɍɔ 8,292 0 1,898 3,002 2,506 886 

ɋʑ 24 Ɍɔ 
10,271 
(2,320) 

0 
(0) 

696 
(350) 

4,976 
(1,794) 

1,862 
(176) 

2,737 
(0) 

ɋʑ 25 Ɍɔ 15,400 0 1,650 5,100 8,050 600 
ɋʑ 26 Ɍɔ 12,100 0 600 3,000 8,000 500 
ɋʑ 27 Ɍɔ 16,700 0 1,200 6,000 8,000 1,500 

 
£ǰƨƶƻuƱƮéwžǪȹȾ�¤zƺīȺ�

̱̃��zιϐ�ŝİ̩ʂƣ�ιϐԢǥ�Ą��̃ѰΘιϐ�ĮЗĞu¡ιϐέΨ��k�ŠİΨ�ѴӅ{�s�yk^ 
̃Ԣǥ�˺Ƿ�΅м�zĘ˛zΏɀzΑ΄�Ɋɐkūӫ�ιϐО�ӎˆ�£¥ʑ¥ϔ�w��j¦^w§ªȖ

ҦΨ����}¦��z̡̰ȐМ�ʄɺ͊ȕ�Ώҏ�­ñ¾ðÄèzřȐѰͩzřȐŵʹzϳЩӞʤΨʡŴ͏

��˺˞�ūȌΑ΄Ȑʟљ�ƞΏ�ȖԌ��zēk�ζҔǧά�ȖԵʟљzȖԵÏúÉ�ş˼ª�o¦w�p

ɲԡ�j¦^ 
� ЄʭΌ�ɦŽ�zéõØúӼ�ζҔ�ʁǨ�ş˼ª�o¥Ȗ�j¦şƵιϐªȖ΍}¦w�z˞Ԣǥ�ιϐ

ªʧlрʙ�Цʑª�o¦w�z�{�Α�§�ιϐʑ̑ªɐsοĩ�ɐ�ɵΓ���v�ksw��j¦^

����Ģþ�϶Е̩ʑ�͗ƉªȲӻ}¦^ 
ɇǅǌſňɈ�

ιϐĠћО� ӰҖҤ͍ՁѰϡπϷτȐՂŝİϺʭ 
ħΘȖїȉǃĩ  
ιϐūʧО� ǟýԐӗՁЭτȐՂħΘȖїȉǃӸ 
ӎˆιϐО� ȶΔřɜՁҏΏȐùǄȐՂ 
ӎˆιϐО� ΟΔҞļՁπϷτȐùϬπƒȐՂ 
ιϐˎ˄ȉǃĩ  
ιϐūʧО� ȶ̃ęՁЭτȐՂιϐˎ˄ȉǃӸ 
ӎˆιϐО� ̅ȵȨՁ̡̰ȐМՂ 
ӎˆιϐО� ̀̇ȢՁπϷΑΏȐՂ 
ɐǨӎˆȉǃĩ  
ιϐūʧО� ̗Δ˲ɐՁѰϡπϷτȐùóäÎ®¹ÃՂɐǨӎˆȉǃӸ 
ӎˆιϐО� ĚĔ���Ձ҃ζΥӘɱΏȐՂ 
ӎˆιϐО� Ը̮сɣՁϬπƒȐՂ 
­ÑØ¯Àúȉǃĩ  
ӎˆιϐО� ȾĘřΗՁѰϡπϷτȐՂ 
ӎˆιϐО� ą͍ԠՁЭτȐՂ 
ӎˆιϐО� ͖̃ɶ͍ՁπϷΑΏȐՂ 

îǰƨƶƻtÃg±ȮȹǉŏơƶƻǺȲjò`Ⱥ� =ȫÑȢ[�



87 

ɇƏßÓĒɈ�

ՉՂħΘȖїȉǃĩ 
� Ɍ�Պɔ�ԢǥĩҕªӻŐ{zѰΘιϐzŞƋιϐ�éõØúӼ�ζҔş˼ª�o¥zşƵιϐªl�p}^

��ɋʑ 25, 27 Ɍɔ��ǚԌôú¹ÁîÌßªħΘ{zιϐʑ̑ªāΙ�Υľ}¦����z͞ǵ�ŘӐΨ�

ιϐО��ÕÌÐôú¹�̩Ϧª�o¦^ 
ՊՂιϐˎ˄ȉǃĩ 
� ɋʑ 24 ɌɔĢԁzѰϡΏҏ�­ñ¾ðÄèzπϷǓҲ�ƬѦƏ�ˌĲ��§�§�Îúæ�ËìúÐð­

ñ½úÃªӻŐ{zéõØúŢ�ζҔ�ʟљ�Ʒýª�o¦����zéõØú�Ԃ¤~£¥ɐsрʙ�Цʑ

ª�o¦^��zéõØúӼ�ÏúÉѬ̎�êÏðõº�şƵιϐ�ˎ˄�zy¤�ȖԵ�ɫ¤§�ҞӪ�Ï

úÉ¡­ñ¾ðÄèª£¥лs͗Γ}¦��zÏúÉáúÃª̩ϦzӔǏ}¦^ 
ՋՂɐǨӎˆȉǃĩ 
� ˞ȐљԢǥ�ιϐ͗Ɖ�ʑ̑ªɊɐsɐǨ}¦��zweb ¿¯Ð�ϔ�ýv�˷˞zÓìúÃòÉú�Υїz

ßòÃððúÃϛªїl^��zʄɺ͊ȕ�τȐ�Ƕs�ǚͅz΅�ȌĶ���ӽɱªǌҫ}¦���­°Ð

ðúË͗ƉªħΘȖї}¦^y¤�ιϐʑ̑ªοĩɵΓ���v¦��zƒȐz˔ЦzΒ̥Ι��ӎˆª�z

{�ʎҌĩ��ªħΘ}¦^ 
ՌՂ­ÑØ¯Àúȉǃĩ 
� Ɍ�Պɔ�Ԣǥĩҕ���̰ĩ�ѰΘιϐzŞƋιϐ�ӐʶªѼĸ{z�§�§�ȦӹζҔ�ϷԵª���

­ÑØ¯Ãªїl^ 
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£ƶƻuȓěƝƌȹȾ�¤zƺīȺ�

ιϐ˿ӼŢ�ıª�w��˪¤o�{£l�{z΍ǝ�w��ιϐpӐȲ{�k¦�oѴӅ{�s�yk^�

ɇ»ƨĐǣĊô¼Ɉ�

� ѰΘιϐzŞƋιϐ�éõØúӼ�ζҔş˼ª�o¥şƵιϐªl�p}����zw�Ԣǥ�ιϐ�ǚŢz

āΙ��͗ɼƏ���zĢþ�͗Ɖªї��^ 
ՉՂԢǥĩҕ�ӻŐ  

ϙՉǓԢǥĩҕՁ2011.10.1-2 ͋→τȐʟљǷȐԃǷȐՂՒƲѰΘιϐ�έ̬zŢȝzʙ͏�ίēΏѬª͢�z

Ƶ˯�ӻŐ{�ЄʭΌĩҕ�nk�ՍɌӼ�͗ƉѰΘªϟȕ{�^ 
ϙՊǓԢǥĩҕՁ2012.3.8-9 ̋ėɀ̥ǷȐՂՒƲѰΘιϐ�ϔ�ýp¥Ά͎ªλ҃}¦����zĚɩ�ӎˆ

�˟Ʒªҕҏ{�^ 
ϙՋǓԢǥĩҕՁ2012.6.16-18 ΋ȾǷȐՂՒ˞��ʼʤy§�ŞƋιϐéõØúªӁmzƲг�ØÌ¹ºï°

õÑ�ɠԢǥ��ιϐѰΘªϴě{ƳkzίēΏѬª͢��^ 
ϙՌǓԢǥĩҕՁ2012.11.16-18ėӣǷȐՂՒѰΘιϐ�ƪԣΥћzŞƋιϐ�åÃÉú�ӐʶªǨƻ}¦��

��zÎúæű�ūτĩªӻŐ{zιϐŢȝzιϐʙ͏��k��Ė͙�ΏѬª͢��^ 
ϙՍǓԢǥĩҕՁ2013.6.7-9 ʊʏКǫǷȐՂՒѰΘιϐ�åÃÉúzŞƋιϐ�ƪԣΥћ�ӐʶªǨƻ{zĄ

ӼѼĸ�Ԣǥɩƕ�Ʒu�ҊԦªҕҏ{�^ 
ϙՎǓԢǥĩҕՁ2013.11.22-24 ͋→τȐʟљǷȐԃǷȐՂѰΘιϐ�ƪԣΥћzŞƋιϐ�åÃÉú�Ӑʶ

ªǨƻĐȕ^ 
ՊՂǚԌÁõåÂ°è�ħΘùȖї  

� 2012ɌƎʭЭǴ�ôú¹ÁîÌß�ǩªŲΓ{zbĪӘžʑ̰̩cԢǥ�şŐ�z˞ȐљԢǥƳƵÁõåÂ

°èՒʄɺ͊ȕ�½çìÓ»úÁîõ�ЭÊ¯Òç¹Ã�ίēĲΓՁ2012.7.27ğƭǚԌÅõÉúՂªӻŐ{

�^êÏñáúÃ�ʄɺ͊ȕ�Э̰̩�ӽ{�ŘӐΨ�ιϐªӐ�¦Dr. Nathaniel Daw ªʪɧҒͱО�{�

ʪqzƥ˟�Ԣǥo¤�Ғͱ�£¥z½çìÓ»úÁîõ��şӋ�ѿԦªҕҏ{�^ 
� International symposium on "Prediction and Decision Making"Ձ2013.10.13-14 ėӣǷȐ нђĩԱՂªѰΘ

{z͞ǵo¤8ƶªƹ�16ƶ�ƶʪɧҒͱªїl����zԢǥŢǵ�ιϐО�£¦åÃÉúÅÌÁîõªħ

Θ{zɊɐkơƁОªԑ�Ɋɐkҕҏ�Ė͙zɠԢǥ�w§���ʑ̑�ƼζªїlĐȕ�j¦^ 
ՋՂӽӎ}¦ÁõåÂ°èzÃ¹úñϛ�şŐzɩ˄zҒɇ�ʪСz͘Ӛªї��Ւ  

ˤ̃πϷǓҲȐĩϙ21ǓŝǚǷĩՁ2011.12.15-17 ͋→τȐʟљǷȐԃǷȐՂDr. Peter DayanʪɧҒͱ 
Э�ɱ�éµÓÄèϙ12Ǔŧ�ôú¹ÁîÌßՁ2012.1.16-18 ñÃÍðÈúÐՂDr. Rajesh RaoʪɧҒͱ 
ABLE2012 Ձ2012.1.28 ΋ȾǷȐՂ 
οĩΨЪſΥӘÁõåÂ°è Ձ2012.3.18 ̋ėȐоǷȐՂ 
Э�ɱ�éµÓÄèϙ13ǓǴ�ôú¹ÁîÌß Ձ2012.7.26 ğƭǚԌÅõÉúՂ 
ABLE2012 SummerՒτȐΨΥѤ��lΑ�§¦oՁ2012.8.5΋ȾǷȐՂ  
Analogical Mind ҒͱĩՁ2012.8.6 ʊɵǷȐüΔ·ëõÙÃՂDr. Dedre Gentner, Dr. Kenneth ForbusʪɧҒͱ 
21st Machine Learning Summer SchoolՁ2012.8.27-9.7 ėӣǷȐՂ 
҃ζτȐĩ¿æúÃ¹úñbζҔ�ћҗcՁ2012.9.4-6 ϣ̜ͪ̃Ղ 
ˤ̃ɱΏȐĩϙ76 ǓǷĩÁõåÂ°èՁ2012.9.13 ȦĿǷȐՂ 
ˤ̃τȐǄȐĩϙ45 ǓǷĩÁõåÂ°èbʄɺ͊ȕùȐМùƳΏɼcՁ2012.11.10-11 ȚȼǷȐՂ  
Autumn School for Computational Neuroscience (ASCONE, 2012)ՒǨӦ�� (2012.11.23-26 Ҏѵ) 
Э�ɱ�éµÓÄèϙ13Ǔŧ�ôú¹ÁîÌßՁ2013.1.9-11 ñÃÍðÈúÐՂDr. Kent Berridge ʪɧҒͱ  
Joint Tamagawa-Caltech Lecture Course 2013 & Reward and Decision-making on Risk and Aversion
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Ձ2013.3.5-8 Kona, HawaiiՂ 
ɇƶƻŗŔĊô¼Ɉ�

ՉՂϙՋǓ�Ģԁ�Ԣǥĩҕ��zůˤªŞӻËìúÐð­ñ�{�Ģþ��n¥ӻŐ{�Ւ 
ϙՋǓԢǥĩҕՒêÏñáúÃ�êÏñÝðú�ʄɺ͊ȕՁ(&
(�,�
,΋ȾǷȐՂ�

ϙՌǓԢǥĩҕՒЭΘŔιϐ�ǧνo¤Řϗ��Ձ(&
(�

�
, ėӣǷȐՂ�

ϙՍǓԢǥĩҕՒÚÐ�Đͩ�ʄɺ͊ȕ�ЭŢÕÌÐôú¹Ѭ˪����ͩȕ͏�Ѭ̎͏Ձ(&
)�,�-ʊʏǷՂ�

w§¤�ŞӻËìúÐð­ñ��zԢǥŢ�éõØú�u��szĐͩ�ʄɺ͊ȕ�ӽӎ}¦ιϐ�жƾªʯ

�ɊɐkрʙιϐОpơƁ{�^ 
ՊՂÏúÉáúÃ�̩Ϧ 
� éõØúӼ�şƵιϐ�ˎ˄�zȖԵÏúÉ¡­ñ¾ðÄè�Ɋɐk͗Γ����ÏúÉáúÃ�̩ʂªӐ

�zOISTŢ�¿úØúªŲΓ{ϔ�ývªї��^ĚɩzƲºñúß�ɫ¤§¦їƉȖԵzπϷ͗ƉѴӵzЭ

ΘŔϛ�ÏúÉ¡Ѭ̎ÇÝÐ°±­�ίēŲΓ�zûȕ�̉ĥ����ûйŞӻ{ιϐªĻӐ}¦���ǩ�

{�ʬŗ{�їsĐȕ�j¦^��zЭΘŔ��Ը̳ŖÏúÉ�Ѭ̎ʙ͏�ӻΥ���zιϐǃªʼΓ{�  ̂
ՋՂιϐùʟљĖ͙�ʿӐՒ 
� ιϐșӼ�ιϐùʟљĖ͙����ˡҠ�ˎ˄ªїkzH24Ɍɔ�Ώιȶ̃ºñúßpOISTӰҖºñúßª

ѵ�zřŵʹ�¯éúÂõºʟљ�Ė͙�zʙЀ̛�ÅóÐÓõϭ�ǨӦ�Иo¤�ȐМ�nu¦ɦŽ�ҕҏ

ªї��^ 
ɇĨÿȒŕĊô¼Ɉ�

ՉՂԢǥ�web¿¯Ð (www.decisions.jp) ªk�˧sϔ�ývzԢǥ��¤k�͗ƉĐȕzŞƋιϐ����

ʁǨªˀҼ{�^��ɩƲό�¯áõÐ̟Ţ¡zʑ̑ϴě�͗Γ{�k¦^ 
ՊՂƕɌx��ÓìúÃòÉúªΥї{zƲѰΘιϐzŞƋιϐ�̨ѣªϴě}¦����zðòúȤҌ�k

lɢ�ԢǥιϐО�ϴěªӻȈ{�^ÓìúÃòÉú�ýѴweb¿¯Ðý��Şӻ{�k¦^ 
ՋՂĢþ�­°ÐðúË͗Ɖªї��Ւ 
Ը̙ΑİԵΏτ˔șՁbĪӘžʑ̰̩cԢǥ�şŐՂ 
� ϙՉǓՒՁ2012.3 ΋ȾǷȐՂ 
� ϙՊǓՒՁ2013.8.23 ΋ȾǷȐՂ 
ABLE2012zοĩΨЪſΥӘÁõåÂ°èªƖҢ{zЭτȐù҃ζτȐ�˔Ц��ɵΓ�ƬЪɼ��k�ûй

Ʒu�ҒͱªħΘ{�^ 
āΙЭӏӼSSH¿¯²õÃŘϗҒɕbЭpїlʄɺ͊ȕ�ÿɺҕcՁ2013.2.2 ǾлȄȌԀȳĄȐՂªħΘ{z

Ԣǥo¤Ը̮сɣzĨёαpҒɇªї��^ 
ՌՂԢǥĠћӰҖ�Dr. Michael Shadlen (U Washington) �şƵ�Current Opinion in Neurobiology҂�

Decision Making΅ԑư�ħΘЈԑªї�� Ԣ̂ǥo¤�Ը̮сɣpʄɺ͊ȕ�nu¦êÖ­çõϭ�ɦŽ��

k�òÛìúªȞύ{�^ 
ɇl��nx¤Ċô¼Ɉ�

� ƲǓ�Ԣǥĩҕ�ơƁ{zƲιϐ�ѰΘ�Ӑʶ��k�½éõÐªїl����zԢǥŝİ�ιϐʿӐ�˟

Ʒ��k�­ÑØ¯Ãªї��^��zĄӼѼĸ�Ʒu�Ǩƻ˸ª̘҈{½éõÐªї��^ 
 
� Ģý�͗Ɖ���zƲԢǥĩҕ�Ԍ{�ЄʭΌĩҕªӻŐ}¦����zЄʭΌéúðõºðÃÐ��ª͗

Γ{Ѓȟӎˆªƨ¥�p¤ιϐʿӐªї��^͗Ɖ�nn��ѰΘ�n¥�Ӑ«�k¦^ 
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£µĶuƶƻǰƨ£ƶƻŠƍéwƶƻǆȃuļǪŁ£ĉįŁȹį×ǰƨTuĄŧƘjò`ȺȹȾ�¤z

ƺīȺ�

ɋʑՊՎɌɔĢԁ�ιϐѰΘ¡ιϐ˟͏��k�ŠİΨ�ѴӅ{�s�yk^ɠůѰΘ��ǳ˷ՁιϐϷҠ�ǭԧùͧԧªƹ

�ՂªĐȕ{�k¦ǩƳ����ɲѣɼ¡ȇɠɼ��k��ѴӅ{�s�yk^ 
� Ԣǥ�͗Ɖɩƕ�j�¥zw§���͗Ɖ�ƁmĢþ�đԟªӪͺΨ�Ӑ�¦ 
ՉՂǚԌÁõåÂ°è�ħΘ�ȖїzÕÌÐôú¹Ĳ¥ 
� 2013Ɍ10˻ėӣ��ǚԌÁõåÂ°èªɊɐsαĪ{zĐͩ�ʄɺ͊ȕιϐ�͗ɼƏ�ɠԢǥ�ʑ̑�Ƽζ

ª�o¦^��zԢǥ˺ϵɌɔ�2015Ɍɔ�ǚԌÁõåÂ°è�ħΘªӻȈ}¦^��zƲǚ�ӻŐy§¦ʄ

ɺ͊ȕ�ӽ}¦ȐĩÁõåÂ°è����ώ̦Ψ�´ú¶Ò¯Àú�{�ơƁ{zāΙòáñ��ιϐ�͗ɼ

Ə�şƵιϐ�ÕÌÐôú¹̩ϦªӐ�¦^ 
ՊՂԢǥŢӎˆ�͢Ə 
� w§��Ӑ«�k¦ȖԵʟљzѬ̎ʙ͏���Ė͙�Ɓmzj¦ιϐºñúß�ӻΥy§�їƉҊԦªzΝ

�¦Ɖ΄ό¡Ѱͩʙ͏�ӛΓ}¦���ɢ�zĐͩ�ʄɺ͊ȕ�ȖİªїƉo¤πϷǓҲzūȌª��tɢ�

˪¤o�}¦���ιϐªˎ˄}¦^ 
ՋՂϙՊ˿ŞƋ��ƨ¥϶� 
� ɠʗo¤�έ̬Әʑ�Ʒu�Ӫѣ�Îúæz΅�êÏñáúÃՇêÏñÝðú�ʄɺ͊ȕ�Ĵkūu�ӽ}

¦ΏҏêÏñ�̤ѻzЭŢÁçìòúÁîõ�πϷǓҲ̰̩�ΏҏêÏñ�¯éúÂõº���ӽ{�z£¥

˞��ˁ̟ªl�p}£lαĪ͗ƉªӐ�¦^ 
ՌՂιϐʑ̑�ԑǷʑ 
� Ʋιϐ�ʑ̑ªҦ�Ըkҏ˛�{�Ū΃}¦w��ɠ;�{�z�§¤ª��tԢǥ�{��ʑ̑ªέ�Ѥ

m¦���}¦��zȐљ҂�΅ԑư¡˸Ϩ�{�ЈԑùŪ΃ªħΘ}¦^��z˞Тԓ҂¡ÎòÛ����

΅ԑ��zéÏ®­ªӋ{�ʑ̑�­Üúñ�̰ĩ�ώ̦Ψ�͗Γ}¦^ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


