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◊✲ᡂᯝࡢᴫせ㸦ᩥ㸧㸸ᮏ◊✲࡛ࡣணᮇ㸫㐙⾜㸫ホ౯㐣⛬ࡢ㔜せ࡞ᣦᶆ࣮࢚ࣛࡿ࠶࡛ࡘ୍ࡢฎ

ࡢ㸪㛫ホ౯ㄢ㢟㐙⾜୰࡚࠸ࡘኚື⾜⌮ TMS ᯝ㸪㇟㛵㐃⤖ࡢࡑ㸬ࡓࡋウ᳨࡚ࡗࡼ

㟁ࡢ fERN 㡬Ⅼ₯ࡀ๓㢌 TMS 㐜ᘏࡋ㸪ḟヨ⾜࡛ࡢ⾜ືኚഴྥࡀㄆࡓࢀࡽࡵ㸬ᮏ◊

ࡓ࠸࡚ࢀࡉ♧࡛ࡲࢀࡇ㸪ࡣᯝ⤖ࡢ✲ fERN 㑅ᢥື⾜ࡢᑗ᮶ᶵ⬟ⓗᙺࡿࡍ㛵⌮ฎ࣮࢚ࣛࡢ

 㸬ࡿ࠶࡛ࡢࡶࡓࡋ♧ࡽ௬㞀ᐖᐇ㦂ࢆᐤࡢ
 
◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸We investigated the relationship between the fERN and post error 
behavior using the transcranial magnetic stimulation (TMS) when subjects performed the 
time estimation task. In the present study, we found the extended peak latency of the fERN 
under frontal-TMS condition with marginal post error behavioral changes. Our findings 
suggest that the fERN reflects error process and its involvement of future behavior. 
 
Ỵᐃ㢠 
― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― ― 㸦㔠㢠༢㸸㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ― ィ 

2009 ᖺᗘ 師和9学学和学学学 果文学和学学学 式和文文学和学学学 

2010 ᖺᗘ 手学学和学学学 1手学和学学学 6手学和学学学 

ᖺᗘ    

ᖺᗘ    

― ― ᖺᗘ    

⥲― ィ 式和情学学和学学学 1和学師学和学学学 情和情師学和学学学 

 
 
◊✲ศ㔝㸸⥲ྜ㡿ᇦࣜࣥࣙࢩ࣮ࢸࣜࣅࣁ་Ꮫ 

 Ꮫ࣭⚟♴ᕤᏛ⛉ࣥࣙࢩ࣮ࢸࣜࣅࣁศ⛉࣭⣽┠㸸ே㛫་ᕤᏛ࣭ࣜࡢ㈝◊⛉
 㸸⾜ືಟṇ㸪⤒㢌☢Ẽ่⃭㸪㇟㛵㐃㟁ࢻ࣮࣮࣡࢟
 
㸯㸬―◊✲㛤ጞᙜึࡢ⫼ᬒ 

 
ᡃࡣࠎ᪥ᖖ⏕άࡢከࡢࡃሙ㠃࡛ணᮇ㸫㐙

⾜㸫ホ౯ࡢ⾜ືᵝᘧࡿ࠸࡚ࡗࢆ㸬㏆ᖺ㸪ࡇ

ࡀⓗ㛵ᚰ♫ࡿࡍᑐ⬟㧗ḟ⬻ᶵ࡞࠺ࡼࡢ

㧗ࡾ࠾࡚ࡗࡲ㸪ྛฎ⌮㐣⛬ࡢゎ᫂ࡀ✚ᴟⓗ

㐍ࡿ࠸࡚ࢀࡽࡵ㸬  
ࡤ࠼㸪ྛࡢࡇ㐣⛬ᑐᛂ࡚ࡋฟ⌧ࡿࡍ

㇟㛵㐃㟁ᡂศࡣ㸪ணᮇ㐣⛬่࡛⃭๓㝜ᛶ㟁

(Brunia 1988: Stimulus preceding negativity; 
SPN)㸪㐙⾜ㄢ⛬࡛࣮࢚ࣛ㛵㐃㝜ᛶ㟁

(Gehring 1990: error-related negativity; ERN)㸪

ホ౯㐣⛬࡛ P3a (Halgren 1998, ධᡞ㔝 2001)
㸬ࡿ࠸࡚ࢀࡉᐃྠࡀ㸪feedback-ERN (fERN)ࡸ

㸪ື㸫ືᶵⓗண 㸪ࡶࢀࡎ࠸ࡣ㟁ࡽࢀࡇ

㐙⾜ࡢಟṇ㸪Ꮫ⩦グ᠈ࡢ᭦᪂ྛࡓࡗ࠸㐣⛬

ࡽ࠼⪄ࡿࡍᫎࢆ⌮ฎ࡞ᚩⓗ≉ࡿࡅ࠾

㸪ࡣኚ࡛ࡢࢫ࣐࣮࢛ࣥࣇࣃ㸪ࡓࡲ㸬ࡿ࠸࡚ࢀ

ㄗື⾜ࡓࡗక࠺≉ᚩⓗ࡚ࡋ㇟⌧࡞㸪ᛂ

㛫ಁࡢ㐍ḟࡢ㐙⾜ࡿࡅ࠾ᛂ㛫ࡢ

㐜ᘏ(Rabitt 1966)㸪▷ᮇ̺㛗ᮇⓗ࡞⾜ື㑅ᢥ

(Milner 1963)ࡢኚࡀᣲࡿࢀࡽࡆ㸬 
㇟㛵㐃㟁ྛ࠺ࡼࡢ㸪ୖ㏙ࡽࡀ࡞ࡋࡋ

ᡂศࡢࢫ࣐࣮࢛ࣥࣇࣃࡸኚ㛵ࡿࡍሗ

ᶵ㛵␒ྕ㸸式師式学1 

◊✲✀┠㸸ⱝᡭ◊✲代研価 

◊✲ᮇ㛫㸸師学学9 㹼 師学1学  

ㄢ㢟␒ྕ㸸師1文学学手66 

◊✲ㄢ㢟ྡ㸦ᩥ㸧 ணᮇ㸫㐙⾜㸫ホ౯ࡢ⬻ᶵ⬟ T評関  ᨵၿຠᯝࢫ࣐࣮࢛ࣥࣇࣃࡿࡼ

                     

◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧 The T評関 impact on performance and cognitive functions 

 

◊✲௦⾲⪅ 

➉ෆ ᡂ⏕ 㸦T番KE題科脳英 関脳英者EK英㸧 

ୖṊᏛ࣭ࢫࢿࢪࣅሗᏛ㒊࣭ㅮᖌ 

― ◊✲⪅␒ྕ㸸1学式師916師 

 



࿌ࡣከࡢࡢࡶ࠸㸪ྛฎ⌮㛫ࡢᶵ⬟㐃ᦠ࠸ࡘ

 㸬ࡿ࠶ᐇ࡛ࡀࡢ࠸࡞࠸࡚ࢀࡉウ᳨Ṥࡣ࡚
ࡿࡍ⬟ウྍ᳨ࢆᶵ⬟㐃ᦠࡢ⛬㐣ྛࡢࡇ

  㸪⤒㢌☢Ẽ่⃭(transcranial magneticࡀࡢ
stimulation; TMS)࡛ Ẽ่⃭☢ࡣ 㸬TMSࡿ࠶

㸪㛵ࡏࡉ⏕Ⓨࢆ㟁ᶆⓗ㒊ࡢෆ⬻࡚ࡗࡼ

ಀࢆࢡ࣮࣡ࢺࢵࢿ⤒⚄ࡿࡍᢚไ࣭ಁ㐍ࡇࡿࡍ

⬻ࡓࡋ㛵㐃㸪㐠ືࡾ࠶࡛࣮ࣝࢶ࡞⬟ྍࡀ

ᶵ⬟ホ౯ࡎࡽ࡞ࡳࡢ㸪ㄆ▱ᶵ⬟ࡢゎ᫂ࡶ

≉ࡢ TMS ࡢࡇ㸬(Pashler 1998) ࡿ࠸࡚ࢀࡉ⏝

ᚩⅬࡣ㸪㠀くⓗ୍ࡘⓗ࡞௬㞀ᐖ

≧ἣࢆ☢Ẽ่⃭࡚ࡗࡼច㉳࡛࡛ࡇࡿࡁ

ຠᯝᣦᐃྠࡢ㸪TMS ᶆⓗ㒊ࡓࡲ㸬ࡿ࠶

ᶆࡣ㸪㇟㛵㐃㟁ࡸᶵ⬟ⓗ☢Ẽඹ㬆⏬ീ

ࡾ࠾࡚ࢀࡽ࠸⏝ࡀ (Rollnick2004, Sack 2002 
₯ࡢ㸪㇟㛵㐃㟁ࡶ࡚࠸࠾✲◊㸪ᮏ(

ࡸᖜࡢኚ㸪ࡢࢫ࣐࣮࢛ࣥࣇࣃࡧࡽ࡞

ኚྛࡽᶵ⬟㐃ᦠ᳨ࡀウ࡛ࡽ࠼⪄ࡿࡁ

 㸬ࡿࢀ
㸪SPNࡣࠎᡃ࡛ࡲࢀࡇ fERN ࡢ㛵ಀ

㔜せᛶุ᩿⋠☜࡞ほⓗࡢ⪅㸪⾜Ⅽ࡚࠸ࡘ

ࡓࡋฟ᳨ࢆࡇࡿࡍኚ࡚ࡗࡼ (Masaki,  
Takeuchi 2006)㸬ࡓࡲ㸪✵㛫ㄆ▱ㄢ㢟ࡓ࠸⏝ࢆ

᳨ウ࡛ࡣ㸪㛫㐪ྍࡿ࠼⬟ᛶࡀ㧗࠸ண ࡓࡋ

ሙྜࡳࡢ㸪ᕥ๓㢌ࡽഃ㢌㡿ᇦ࡛ SPN ࡢ
㟁ࡀ⦰ᑠࡋ㸪fERN ࡢ㟁ࡀቑࡇࡿࡍ

㸬(ෆ 2008, ᪥ᮏ⏕⌮ᚰ⌮Ꮫ➉)ࡓࡋㄆ☜ࢆ
ຍ࡚࠼㸪TMS ィ (TMS-EEG)ྠࡢἼ⬻
ࡲࢀࡇ㸪࠸⾜ࢆ ィࡢㄏⓎ⬻Ἴ₯▷ࡿࡼ

࡛㞴ྠࡓࡁ࡚ࢀࡉ࠸ࡋィ ࡿࡼ▷₯

࡛࡞࣮ࣜࣇࢺࢡࣇࢳ࣮ࡢㄏⓎ⬻Ἴグ

㘓ࡓࡋ⬟ྍࢆ (Takeuchi 2007, Neuro2007)㸬

࠾ ணࡢࡑື⾜ኻᩋࡣ࡛✲◊㸪ᮏ࡛ࡇࡑ

ࡿࡅ SPN fERN 㸪TMS̿ࡋ┠╔㛵ಀᛶࡢ
EEGᡭἲ࠸⏝ࢆ㸪୧㟁ࡢࢫ࣐࣮࢛ࣥࣇࣃ

ኚࡽ㸪ኻᩋ㛵ࡿࡍணᮇ㸫㐙⾜㸫ホ౯ࡢ

ฎ⌮㐣⛬ᶵ⬟㐃ᦠ࡚࠸ࡘ᫂ࡿࡍࡽ

 㸬ࡿࡍࡢࡶ
 
㸰㸬―◊✲ࡢ┠ⓗ 
 
ᮏ◊✲࡛ࡣほⓗุ᩿క୍࠺㐃ࡢㄆ▱ⓗ

ฎ࠺క㸪ኻᩋ࡚࠸ࡘᶵ⬟㐃ᦠࡢࢫࢭࣟࣉ

⌮㐣⛬ᶵ⬟㐃ᦠࢆ TMS ࡚ࡗࡼᢚไࡋ㸪

᫂ࢆࡇࡿࡍࡽ┠ⓗࡓࡋ㸬 
ᑦ TMS ࡿࡼᙜヱ㒊่⃭ࡢ᪉ἲࡣ㸪

Noguchi(2003)ࡢ▱ぢᇶ࡙ࡁ㸪㐠ືㄏⓎ㜈್

ࡢ ࢆ⠊ᅖ࡛༢Ⓨ่่⃭⃭ࡢ࡛ࡲ110% fERN 
㒊ࢺࢵࢤ࣮ࢱ㸪࡚ࡋ㇟ᑐࢆ₯ࡿࡍヱᙜ

㐺⏝ࡋࡢࡶࡿࡍ㸪ERPἼᙧࡢᑟฟ࡛ࡣ

Thut(2005)ࡢᡭἲࡓࡋࡇࡿ࠸⏝ࢆ㸬ࢀࡇ

࡛✲◊㸪ᮏ࠸⏝ࢆィ ᡭἲࡧࡼ࠾᪉ἲ่⃭ࡽ

ࡅཷࢆࢡࢵࣂࢻ࣮ࣇࡢᡂຌࡧࡼ࠾ኻᩋࡣ

ྲྀⅬ࡛⿕㦂⪅ TMS ࢆ㐺⏝ࡋ㸪ࡁࡢࡇ

㛵ಀࡢࢫ࣐࣮࢛ࣥࣇࣃ୧㇟㛵㐃㟁ࡢ

ᛶ᳨ࢆウࡓࡋ㸬 
 
㸱㸬―◊✲ࡢ᪉ἲ 

 
ᮏ◊✲࡛ࡣ 15 ணഛᐇ㦂ࡓࡋ㇟ᑐࢆྡ

ィࡢ㇟㛵㐃㟁ࢫ࣐࣮࢛ࣥࣇࣃ㸪࡚࠸࠾

᳨ࢫ࣐࣮࢛ࣥࣇࣃ㸪㟈※ᆅ᥎ᐃࡋᐇࢆ 

ウࡓࡗ࡞ࡇ࠾ࢆ㸬ࡢࡑ⤖ᯝ㸪ほⓗุ᩿ᇶ

࣐࣮࢛ࣇࣃࡢ࡛⾜ḟヨ⌧ฟࡢ࣮࢚ࣛࡃ࡙

ࢆ㸪LORETAࡓࡲ㸬ࡓࢀࡉㄆ☜ࡀኚࡢࢫࣥ

ࡉᐃྠࡀ๓㒊ᖏ≧ᅇࡣ㟈※ᆅ᥎ᐃ࡛ࡓ࠸⏝

ࢆᯝ⤖ࡢ࡛ࡲࢀࡇࡢࠎᡃࡧࡼ࠾✲◊⾜㸪ඛࢀ

ᨭᣢࡓࡋ㸬௨ୖࡢ⤖ᯝࡅཷࢆ㸪ᮏ◊✲࡛ࡣ௨

ୗࡢᐇ㦂ࢆᐇࡓࡋ㸬 
 
⿕㦂⪅㸸ྑᡭࢆᖖ⏝ᡭࡿࡍᖖᡂே 20ྡ
Ἴ⬻ㄢ㢟㐙⾜୰ࡣ㸪2ྡࡕ࠺ࡢࡇ 㸬ࡓࡋ

ィ ୖࡢၥ㢟ࡌ⏕ࡀ㸪ゎᯒࡽ㝖እࡓࡋ㸬 
 
ㄢ㢟㸸ㄢ㢟ࡣ㛫ホ౯ㄢ㢟ࡋ㸪ホ౯㛫ࡣ

2000msࡓࡋ㸬⿕㦂⪅ࡣ㸪CRTࣔୖࢱࢽ

ὀどⅬࡀ 500ms࿊♧ࡓࢀࡉᚋࡢ 3000Hzࢺࡢ

㸪ほⓗ࡚ࡋᅗྜࢆ่⃭࣮ࣥ 2000ms⤒
㐣ࡓࡋⅬ࡛ࣥࢱ࣎ᢲࡓࡋࢆࡋ㸬ࣥࢱ࣎ᢲࡋ

ᚋ㸪700msⅬ࡛ὀどⅬୖࢫ࣐࣮࢛ࣥࣇࣃ

ࡍ♧ࢆᯝ⤖ࡢ 3 ✀㢮ࡀࢡࢵࣂࢻ࣮ࣇࡢ

1000ms ⿕㦂⪅࿊♧ࡓࢀࡉ(Undershoot, 
Good, Overshoot㸧㸬ヨ⾜㛫㛫㝸ࡣ 1500msࢆ୰

ᚰࡋ࣒ࢲࣥࣛ㸪ヨ⾜ᩘࡣ 400ヨ⾜ࡓࡋ

㸦ᅗ 1㸧㸬ᑦ㸪ṇㄗ☜⋡ࡣ⦎⩦ヨ⾜࡚࠸࠾

  㸬ࡓࢀࡉㄪᩚ࠺ࡼࡿ࡞50%

 
図 1. 各イベントタイミングとフィードバック情報 

 
― TMS ࡓࡲ㸬ࡓ࠸⏝ࢆࣝࢥ࣮ࣥࢥࡣࣝࢥ

㐺ᛂ㒊่⃭ࡧࡽ࡞ᙉᗘࡣ Cz’ࡧࡽ࡞ Fz
%110ࡢㄏⓎ่⃭㜈್ࡢ➽㸪➨୍⫼ഃ㦵㛫ࡋ
ヨࡶ㒊ྛࡣ௳㸬 TMSᐇ᮲ࡓࡋ

ࡢ⾜ 㸪ࣛࡋ50% 㸦ᅗࡓࢀࡉᐇ࣒ࢲࣥ 2㸧㸬 



図 2. TMS部位（上段，下段左）および使用コイル 
 
グ㘓᪉ἲ㸸⏕⌮ᣦᶆࡣ║㟁ᅗ(EOG)ࡧࡽ࡞

⬻Ἴ(EEG)ࡓࡋ㸬EEGࡣᅜ㝿 10%ἲ‽ᣐ

ࡓࡋ 60㒊ࡽ㰯ᑤ (Nz) ࢆᇶ‽ DC - 
200Hz࡛ᑟฟࡓࡋ㸬 ᐃ㇟ࢢࣥࣜࣉࣥࢧࡣ

࿘Ἴᩘ 500Hz࡛ಖᏑࡋ㸪ࣥࣛࣇ࢜ฎ⌮౪

 㸬ࡓࡋ
 
ศᯒ᪉ἲ㸸⾜ືᣦᶆ࣮࢚ࣛࡣḟヨ⾜ࡿࡅ࠾

ㄗᛂ⋡㸪ࡧࡽ࡞ホ౯㛫ࡓࡋ㸬せᅉ㓄

㸪ṇㄗ㸦2㸧×  TMS㒊㸦2㸧× TMS᭷ࡣ⨨

↓㸦2㸧ࡋ㸪ศᩓศᯒ౪ࡓࡋ㸬⏕⌮ᣦᶆ

ࡢ㇟㛵㐃㟁ࡣ fERN ࣆࡢ㸪FCz࡚࠸ࡘ

⾜ࡣ⨨㸬せᅉ㓄ࡓࡋᖜ್ࡧࡼ࠾₯ࢡ࣮

ືᣦᶆྠᵝṇㄗ㸦2㸧×  TMS㒊㸦2㸧× 
TMS ᭷↓㸦2㸧࡚ࡋ㸪ศᩓศᯒ౪ࡓࡋ㸬 
 
㸲㸬―◊✲ᡂᯝ 
 
⾜ືᣦᶆ㸸ᅗ 㛵㸪่⃭㒊࠺ࡼࡍ♧3

࢚࡚ẚḟヨ⾜࡛㸪ṇゎᚋࡢ࣮࢚ࣛࡎࡽࢃ

ഹ㸪Fz่⃭ࡓࡲ㸬(p<.01)ࡓࡋቑຍࡀ࣮ࣛ

㸬୍᪉㸪(p=.08)ࡓࢀࡽࡵㄆࡀഴྥࡿࡍቑຍ

ᛂ㛫ࡣኚࡀㄆࡓࡗ࡞ࢀࡽࡵ㸬  

図 3. パフォーマンスの変化 
 

⏕⌮ᣦᶆ㸸fERN ࡣᖜࢡ࣮ࣆࡢ TMS 

㸬୍᪉㸪ᅗࡓࡗ࡞ࢀࡽࡵㄆࡣᙳ㡪ࡿࡼ 4
࠺ࡼࡍ♧ fERN㡬Ⅼ₯ࡣFz่⃭

㐜ᘏࡀㄆࡓࢀࡽࡵ (p<.001)㸬 

図 4. TMSによる fERN潜時変化 
 

௨ୖࡢ⤖ᯝࡽ㸪(1) ṇゎヨ⾜ᚋẚ㸪

࡞ࡀヨ⾜㘒ㄗࡢ㛫ホ౯ࡣヨ⾜ᚋ࡛࣮࢚ࣛ

 㸪(2)ࡓࡲ㸬ࡓࢀࡉ♧ࡀࡇࡿ࠸࡚ࢀࡉ
fERN 㸪Fzࡣ㛵ಀᛶ࡛ࡢࢫ࣐࣮࢛ࣥࣇࣃ
่⃭ᚋ᪼ୖࡀ⋠࣮࢚ࣛࡢഴྥࡇࡓࡋ♧

㸪fERN࡚ࡋᑐᛂ ㄆࡀ㐜ᘏࡢ㡬Ⅼ₯ࡢ

㸪TMSࢀࡽࡵ ࡿࡼ fERN ࣐࣮࢛ࣥࣇࣃ

 㸬ࡓࢀࡉ၀♧ࡀኚࡢࢫ
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