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*~IDt'rt;J:, :gFBljMM:!I!.Uft~~J!H:MT.o, ~fI~I'l"J~3n.~P,~~~¥* (fMRI) ~Jij~~tdVf~O) 

px5Ii!~m1tT.o o :gFB~~J.!H: ":H~-r t;J:, jjljjll=7J'lIllJl!!(IDI!Jm~o)Bl'j1fm!IiIJ~~M l t-: c :. 0, 
~.=~JI!!(.~ 00••00, ~~.~~*~ :gFB~ ••~~?-r~m~h~••O)••~~ 

~~-r, jjljjll=7J'lIllJf)!jIDl!Jmt~~T.o~7d: .o.ocJ;t;~llt~l t-: o :. 0)*651i!t;J:, Jf)!j.~:J!I!.t~ ~~ ~-r ••0)j}:[ 
7UI'l"J7d:~~iJ~f¥tET.o :. c ~1ft~T.o o *. t-:, *ft~~:J!I!.t~-::>~~-r t;J:, *ft~~JWiIDl!Jm c B~111MM 

~cif.IDI!Jm~J1[~.It$XT.o :. c t~ ~ I), ftJi1j.~rffil, ~ ~ cFftJi1j.Ji1j!I!J~ffilt~~~~-r, *ft~~JWi 

IDI!Jmt~~T.ol~URI'l"J7d:m!IiIJ~llt~l t-: o :. 0) *651i! t;J: , B~11J\IWJ~cif."'I:t;J:mnJJ'"'C" ~ 7d:~l, *ft~~ 

:J!I!.t~~ft l tdlJi.iJ~, ftJi1j.ilfj!I!JI~Ji'jjtET.o:, c ~1ft l-r~~.o o ~~, fMRl c ftBO)"'!' ~ -:; '/~' 

t1i{;IiJ~#f'JijT.o:, c t~ ~ I), *!I'~Bl'j1ft~~tt.o:7"",!,T ~ "/ :77d:B~lIt~iJ>lIJJ t;iJ>t~7d:.o:, ciJ~WJ 

r~~h.oo 

~;t L; t1.> 1<: 

~~m!IiIJ~.~gl'l"J~~m~T7.>~.1j-:;,/~ 

~O)OOft~, AMO)M~~.~~T7.>~&M~I'l"J~~ 

~A.7d:~.~~~t;L~o~~, ~.I'l"J~~~~~ 

ljRt! (functional magnetic resonance imaging: fMRI) 0) 

ft~ki§.1 L <, 1991 ifO):IH}]O)~'Eft(*mtE~~~ 

7.> 1"'1:, 1 if<bt-: I) t~ft*~n7.>MIi::X:O).t;J:, 4If:iffJ!, 

.lj:~1JD~®\Htl~> 7.> (Illes et ai, 2003)0 fMRIO)'Mf:&' 
t~#'?l, B~{>,\!'!,~, llMlilj:c.", :.n1-r~&M~ 

0)77·0 - TiJ~~ L < ilN t; n l \,>t-:ArdjO)~~~fI~ 

iJ~, ~\'>MJG\~~&I)7.> ~ "j t::.t,t?t-: o :to)7d:iJ>-r~B 

~t;J:, Ardjt::'l!!!If'ft~vmt>7.>.1J-r<b I), *.t-:, ~cm· 

~•. 2:~7d: c", ~q t,t:;'; A 7 b c W~t::'M{f, L-r\,> 
7.> (Sakai et ai, 2001 ; Sakai et ai, 2003)0 ~~t~, t±~ . 

::X:ftm!IiIJ~*&I)l, ArdjO)~I'l"J7d:;g J;l.tU3 \,,-r, B~ 

O)M-9-iJ~~ .:t t; nlj: \, >~ 0) t;J::/Pi &I) -r jrt,t "0 Lt-: iJ~? 

l, B~~, A~O)~l'l"Jm!IiIJ~:J!I!..T7.>"j.:t-r.clj: 

7.>f¥tE'"'C"<b I), :to)fiI!&I'l"J~~O).nJJ~§mTrB~O) 

RlM4~Jt;J:, fiI!&M~t::.~~nt-:~r~0)70 '/7170) 

--::>-r<b 7.> (i§#, 2002)0 *m-r t;J: , B~O)mM4~'::. 

C?l, ~~.~c.t>n7.>~~7-?c.L-r,:gF 
B~~:J!I!.c..~~:J!I!.~.cF, :'O)=-::>O)7J'!I!J~~~7.> 

~JlfO)~fI~1 j -:; '/ 7"O)px5Ii!~~lltT7.>0 

:gFB~~, fiW~all~B~n7.>::X:~B~c. 

t,t I), f;f]%iJIB~g~:l%t~Jlt~~< :. c. '"'C"§~t~fi1~~ 

n7.>fI~1J-r<b 7.>0 ~1!ft::. ~ I) ft-lt t; nt-::gFm~t;J:, 

Jf)!j1!fO)Jf)!j.**m.W~aLl*.Bl'j1fO)JI!!(.!I!J~~ 

20031F 5 FJ 29 B~m 

* Language functions revealed by neuroimaging, 

* *	 *Ji':*,,¥=*q:Il'i't~.g.x1~Ji}f~f4 (9"153-8902 *Ji':j!j~ §I "'1Z~ttk 3-8-1) Ryuichiro HASHIMOTO, Kuniyoshi SAKAI: De
partment of Cognitive and Behavioral Science, Graduate School of Arts and Sciences, The University of Tokyo, 3-8-1 
Komaba, Meguro-ku, Tokyo 153-8902, Japan. 
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Iliil 1 Hashimoto G (2000) -r'fll!ffl~nt;:'l§'fl'iJl1Ui?1{O)fJIJ 

fl'fl'iiszffMr O)if~tj:, ;;CW t~;B ,t ~, T;Hi1'i0)11Iifm:~*9 Die ~f~:-r'Ij:, tr.:t:i0):41~'1Hi1'iO)JIWiifiJlJ!tJ: ~ fl'fl'imlJ0 

i5JX (1-2-3, 2-1-3) ~tlEff, Lt;:o 

b ~, i!!®'GEikJtj:'l§'~~~iJ' G, IIJlH\!{iY'ltj:'l§'fffl~~t~~ 

~~no c13.zGno o Lt;:iJl')-c,ArJJO)~Jrt!J1H:l:, 

:*ij~&j!f t;:: to tt 0 *ijj§~-I-~O) A ~ [j c tJ: 0 ngt.~-C'<b 

~, ~Qmc~O)millO)*mm~~~o'l§'~*mmg 

~gM"9o~cU, *mO)BM~~c')-C, .W~. 

~ *Jl tr/'( ~ § ~0)-"7-C' <b 0 0 

1.	 t: 1'-00~JtD' ~M!D~c::as~tQfi~O)m~ 

~ n'* -C'I;::, ,jijJijf'J~~~EiI'l1iJf~I;:: J: ~, ~~tJ' * 
ijj§mtiMglj~EiI'll;::Jj!UJ: orjg&O)~][t~iJ' G~~ ~ no ~ 

c iJ l 7.R ~ n -C I;} 0 (Galaburda and Sanides, 1980) 0 L iJ' 

L, ~ n GO)~J!t~iJ{~ n~"n'l§'~*ijj§mgt;:: ~ I; '-C, 

C" 0) J: -j t;:: ~ tj: 0 r,JHJI§ ~ :lfJ;: L -C I;> 0 iJ' ti, *te' t;:: a]3 

GiJ't;:: ~ n -Cl;dJ:I;'o ~ nGO)~J!t~0)~~~7]-1l:;~a]3 G 
iJ'I;::"9 0 t;: &'> I;::, m~~1 j -:/ / 7"7!~ ffll; '-C, lli](Jrt 
Y-i:~ (auditory attention) iJ{, ~1t!J1fO) mwlJ ~ c" 0) J: -j 
t;:: ~1l:; ~ 1t 0 iJ'iJ{~i1;j ~ n -C ~ te.o Grady G(1997) 0) 

fMRI ~ffll;>te.1iJf~-C'ti, JItJrtff;@":t;::J: o'l§'P'f . ~F'l§'~ 

WljijlJt;::M"t o&j![mwlJO)~1JDli, -*~}t!J1f (primary 

auditory cortex: AI) -C'ti7:1- GnT', iliIi*~~mt;::~ 1;' 
-C ~tRiY'l t;:: tm~ ~ n te. 0 ::Ue., i'1J L:' < fMRI ~ ffll;} te. 

Pugh G (1996) O)~Jf~-C'ti, =*JItJUf (secondary audi

tory cortex: A2) J: ~ 'b, '7.:r.. 1V:=' 7' m (Wernicke's 

area) t;:: ~ I;> -C, B:;@":t;:: J: 0 m1l!lJiiO)~1JDiJ{~ L iJ'') te. 

~ c ~¥&1!iL-CI;}oo ~nGO)1iJf~ti, ffJ&:t;::J:o& 
j![mj1!lJA,o)~~iJ{fJ4iJj.xO)rl3'-c'~tj: 0 ~ C, "7 '* ~, ~ 

Qmt;::;B 1;}-c~~~7]-1l:;iJ{:f¥tE"90 ~ c ~7.R L -C I;} 0 0 

LiJ'L-7J-C', ffJ&:t;::J:oJ5(ff7!liwlJO)m:*ti, ftMID'i 

~O)*ijj§!J1f-c'Iitm~~ nte. 'b 0)0), JItJrt!J1f-C'tilit!Ht1!,~ 

n tJ: iJ' ') te. c 1;' -j ¥& 1!i 'b <b 0 (Frith and Friston, 

1996)0 ~ 0) J: -j t;::, 1iJf~rI31-c'1~ Gnte.Mt!if!:iJ{~tJ: 0 
~~O)-"7cL-C, ~.mO).~iJ~ M~iliIi*~Jrt~ 

t;:: ~ I;'-C, fnjIA~iJ{:*~ 1;) ~ c iJ{~Hf Gno (West

bury et aI, 1999)0 "7 '* ~, ffJ&:t;:: J: ') -c~~~5ttt0 

~J!lii.xO)tL~iJ{, 1Bl~~rJJ-c'~tj: 0 PJ~~'I'1iJ{<b 0 0 L te. 

iJl') -C, ~Jrtml;:: ~ tt 0 .j§.~J!~O)m~~7]-1l:;~~nmJt;::~ 

M"to~&'>~U, .j§.1Bl~~O)B~~~O)~~~~~L 

-C rr -j 7"lv-7"Mtffte' tt-c'tJ: <, fnjIAO)ijiXi ~" c I;::~!f,Jrt 

tJ~ '7 ';I 7""9 0 7JY!iJ{fl~:fJ-c' <b 0 0 

2.	 iiIi.i:El7t.~~~H,:m\McQlJtD· ~~D~c::as~t 

Qmt1jg7t11:;0)~M 

Hashimoto G (2000) ti, ~1tm· §'~j§!J1f t;:: ~ tt 0 ri 
~0)~][lii.x0)7]-1l:;~, ~Qff~iJ' Gf~M~1JD.z 0 te. &,>, 

'l§'F*~j§WljijlJO)iili.iIj:7]-ltmElli]( (dichotic listening) IDf!~~ 

rr~0)&'1tm1l!lJ~, 1Bl~~ffljjA~" c t;:: fMRI ~ffll;>-C 

~M L te.o iili.iIj:7]-ltmE~IDf!~-C'ti, ft;(:]O)Ij:t;:: i'1Jff!jt;:: ~ 

tj: 0 *~MIj~kiJ{:j)'f;7.R ~ n, 1Bl~~~tiJt7JO)Ij:t;:::j)'f;7.R ~ 

noWljijJkt;::ff:w:~r~Ht (1-1j' ';I rWljijlJ), 'b -j~7J0) 

Ij:t;:::j)'f;7.R ~ no WljijlJ~1!lHJl."90 ~ c iJ{>J(&'> Gno 0 ~ 

O))~ 71"11di, IDf!!mt;:: ~J}!jf* tj: j 'J -12 -:/ 0) t:j:tiJ' G, 
~~tj:~~m¥&~~~"to~.~, J}!j~O)<boM¥&O) 

?!Ttl: t;::~rJJakJtj:ffB~ rQ] tt o~~~tj: c", B1f\EikJtj:'l§'F 
*~~~~:='7'-~3/0)~-c'~~c~no~.ff~ 

0)~*~-2l1v -C'I;) 0 0 jjljjIj:7]-ltmE~*{I:f:O) 1.t1{7g;wlJ~, 

ft;(:] 0) Ij: I;:: r<U - 0) WIj~U{:j)'f;7.R ~ no jjljjIj: i'1J ~~ 
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(g) 2 ~7"f~~I'I"J1d:1I!l~~I.::t<;lt7". JU!l}'J;!I!f. -g~a!l!JO)r.5[VJ~7ftLt~7l<.lJZrmilii 

A: (DIO+DIC) vs CON 0) t '7 "/ 7'0 B: DIO vs DIC 0) t '7,/7'0 li:;/),t;,:fjt.::. WJ~;m· f&~l!I!~ilI!ii$c. L-C. 
j;"ii~;/)!"Cn-t:'n4. 12, 20, 28mm O)*.lJZlifriID~~To 

(diotic listening) ~f!j: c lt$5(9 7" .: c Ie:. J: 'J. WJtt£!t 

~~.~.~~~7"•• ~. wJtu·~mu~~~7" 

fjg&O)~:!JJ~O)rA'-c'lt$5(L tco 

7~0)~~~~tt •••~~.~••~ff?~0_ 

JtWJJi~H:I:. 1miJ!to)::>C~~ @Irttj:~-l}] 'J -c'7t1'lfr L tc;'@':~ 

0)~7,,::>c~1i ()I-ll':I H!U~) c. -cO)-a=-W~"7 /)1' 

Lde:.:stt LF~ ~ tc ;'@':~O) t..: ~ >::>C1i1'i (~~)I - Il '/ I- Jl!lji!t) 
(J) 2 fJ.m~ffl~>t~o jiljjJ+IPJ~_ (DIO) ~f!j:L'I;l:. tr.~ 

(J)!tle:.1PJ O)jftU~~m~L. jiljjJ+7t~W (DIC) ~f!j:L' 

li. tr.~O)J+~-a=-~~~.tj:7".~~IPJ~~m~L~ 

(lZllL )I -Il '/ I- jftU~~*triJJ\ff. ~ J: LF~~)I -7 ':I 
I- Jli'Ji?,kO)J;.O)~J\ffl;l:, "7/ )I"J-" t..:IIWl1¥L'ffbntc o • 

~tfl;l:. jiIjj~f!j:t.:: ~ ~ >-c. c" t, GIJ>O)J+te:.)I - Il ':I I
JliU~IJ!m~~htcc~, ;f)l/~W9': clJt*ItJGh 
~o tj:~. :J / I- D - Iv (CON) ~f!j:O))I -7' ':I I- Jl!U 
~t;l:. *'71 I- /1 ,7;'te:. 400Hz O)*4i-a=-~1JD~tc'bO). 

~~:$'-7''/ I-jjiU~I;l:*'71 I- / 1 ,7;'t':'ltO)'bO)~ffl~> 

tco 
DIO . DIC ~f!j: c CON ~# c O)lt$5(t.:: J: 'J. *W 

JtU. =*WrJ:U. iJlU~~~OO (planum temporale : PT). 
J::jll]ijfi[ii] (superior temporal gyrus:: STG). ~J::§J (sup
ramarginal gyrus:: SMG). TJliHiJi§J (inferior frontal 
gyrus:: IFG) I.:: -c h-c·h~lIW4lJi~~ IPJ~ L tco 

:t t~, DIC ~f!j: c DIO ~#~i!f.~lt$5(9 7".: c I.:: J: 
'J. =*~JtUp;jf~IJ$, ~ J: LFiJlUm'{~OO. J::f~UiiJilol. 

TJl1Jiji§JO)-$O)4lJi~IJ!. DIC ~f!j:le:.~ L-C DIO ~f!j: 

J: 'J 'b 5g( <r-6~j L-C ~> 7" .: c IJ!~ ~ htc o <b M~~~ 

tj:••• Ie:. -::H >-C. .: 0) 2 flU~ 0) .l:l:;$5( ~ ff? t.: t55I~: ~ 

~9 (~2)0 =*_JtU. fffUIDt~OO. J::fffU~~§J. TJl1J 
iji§JI;l:. DIO' DIC ~#te:.~ L -C IPJWBtO)&JC.~~9 

4lJi~ C. DIO ~# J: 'J 'b DIC ~f!j: te:. ~ ~ >-C 5$ <~1IW9 

7" 4lJi~O)jiIjj:1J ~* Iv L'~ >tc o 
••• ~c~B~.O)lt$5(~'7'/7"L~,:c~J: 

'J. -*_JtUr~jZ1O)nM4lY!~0)W:~IMH*IJ! • •••rdl 
L'-1'n -C p 7" .: CIJ!AJI GlJ>te:. tj:? tc (~ 3) 0 9"-C 

O)••• te:. ~~>-C. ·*WJtU c =*_JtUO)fW~lJ! 

M.~~ h, =*WJtUt;l:. "-:/.::t. Ivi1iJ(Heschl's sulcus) 
O)JliH&Ie:.W:~L-C~>tco ,:O)m55IU;l:. _.*. =*_Jt 
UO)~WIJ!. "-:/.::t.lvt,I!JIe:.~rc;;97"tk\'i~C. -chJ: 'J 
Jl1J:1J te:. W:~9 7" tk\'i~IJ% 7" .: c ~¥R{5 L -C ~ >7" ~~ffU~ 

~J!:tmte:.-3&9 7" (Rademacher et aI, 1993)0 :t t.:. 9 
"-C O).,~.Ie:. ~ ~ >-C, - *WJtUO) i*JfffUfffllJ! DIC ~ 

#Ie:.~ L -c~!R~tj:&rc;;~~ L (~4A). -chJ: 'J jH~U 

$ -C' I;l: DIO . DIC ~f!j: te:. ~ L -C IPJ c: WIJr 0) &rc;; ~ ~ 

L-C~>t.:(~ 4B)0 "-:/.::t.lvi1iJle:.iB"::ddj11it~te:.~~>-c, 

pg7'J.f~U:1J raJ Ie:.~~~7tf/jlJtff:(£9 7" .: Ct;l:. .: h:t L'te:. 
¥R{5~h-C~>tj:IJ>?tdn'L~>~J!L'<b7"o :ttc, 9" 
-C 0)••• Ie:. ~ p -c. =*WJtU J: 'J 'b ~ GIe:. 7'J.f~U$ 

Ie:. W:~9 7" J::fffUijillJjte:.. DIO' DIC ?R#Ie:. ~ L -C IPJ c: 
WBtO)&rc;;97,,4lJit~ (J::fffIJiji§JJl1J$. STa) 1J!1EJ~~h 

~o tj:~. ~§JIEJ~~h~. -*_JtU·=*_JtU 
pgtQU$ • 7'J.fUU$ . J::iJlUfiJillJlJl1J$O)IZ9-:JO)tJi~O)W:~1MI 
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A B Al 

PI2+ 
STaHo+-l"""",,??!l!II

+ 

D E F G 

jgJ 3 ft~fjjH;:tolt:o, AI, A2 m, A21, STa O)~IIllI¥Jtd:OOf* 

A i»~ G O)A:r-Ivtj:, 7 ::gO)~~11f';:-:::>l>l, :Ch;rh@lA.;:· CO)lWfJTRi65IH:~'t0 cg.;f,':7-tlvtj: 
3 x3 mmo '/'7 A (+) mtj:cg.ilJi~';:to It:o fr5!ll1JO)~#'( ~~ L, ~~ffil'j:cg.~~11ft;: to ,t:o "'-Y.:L Iv 
M~~'to 

A B 
(%) (%) 

~ 1 
<:: 

.<:: 
U 
'" 
~ 
<:: 
blI 
i:ii 0 

Time(s) Time (s) 

jgJ 4 =~QjJl!l!fI;:tolt:om~~i~$o)~iMIj7"-:9 

7 ::g0)~~11f0)-T-:9 ~'f~ Ll l>:O o A : ft~};j(O)=~QjJl!l!fp;jj~tlffil (A2 m)o B: ft~};j(O)=~WJl!l!f 

I 

40 
iii i 

80 120 160 200 
I 

40 
Ii, I 

80 120 160 200 

7H~tlffil (A2I)0 0 Ij: DIO, c tj: DIe ~:Ch:C·h~'to 

{~dj:, 7-t T Iv:J I) ':/ J:;7, :9 '7 --\t'lf4i!i5 . T r 7 p

L.;t:f-Y:9--\t't.51'1~m~t;:Lt-:, f¥HlU~B"JiVf~O)*5 

51'!: c-3jj{ L -c v>Q (Rivier and Clarke, 1997) 0 

~-Y.:L~ ••m~~~t, OOB~OO'~OOB@'T 

1WB@IU"v>l, -fh-f'h DIC t;:~tRB"Jt;:B(:J;t-t QilJl: 
l1i!( C, DIC' DIG jjIjj~f4:I;: I"l t Wltt;:&Jit-t MJl:l1i!(O) 
2 fI~O)ilJl:h!~iJ~llI,~2I ht-: o ;); t-:, ~~@'t'tj: DIC t;: 

~~ <&f15-t MJl:l1i!('j:llI,~2I ht,tiJ>·:d.: o ti:~P';j(O)JIl&1t 

U·~~U~~~Q~h;0)2f1~0).l1i!(O)m%~ 

iljii ~ 7· '7 7't'5F L t-: (IZI 5) 0 OOB~OO . ~1llJHiJi@ • 

T1WB@O)$l", -fh-f·h 2 fI~O)T{ftilJl:l1i!(iJ~llI,~2I 

ht-: ~ C tj:, 'lifFi~~!lL!!:lJIHj:, ~~ft\Jt2'tl"i;t <, .ML 
JUft\Jt;:fj'hh lV>Q I:iJfj~1'1~5F~ Ll"'Qo 1:: r O)JIl& 
1t!lL!!:lJl!-Y;7,71d)~, JIl&1tm'¥&O)i '/-t-y~!lL!!:lJl!-tQ 

*I!m C, -f O)'lifim(~~t±l -t Q *I!m';:7tiJ>h-c v' Q I:iJfj~ 

{'1tj:, -fO)~O)n~mm,l!Vi!rO)iVf~iJ>; t x~ 21 h -c v' 
Q (Clarke et aI, 2002)0 

II. m~~Jlo)D~pg)(1J=;(L.\ 

JIl&1tUt;: ~ v' -cMM O)'lifFi!lL!!:lJl! ~ 5t ttt.: A1Jm'¥& 
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1815 DIO, DIC~f1j:t.::t-tTQti:~l';j(O) 

It'!1:W;!I!f. -g~g!l!f'.::toltQ&:~iI!i!lilJ 

~O) //'; 7 ,;I: DIO ~f1j:, 80) 1·'; 7 LJ: DIC 

~t-tTQ.~m%~~.~~L, L';

/\-LI:~~~rl3'O).mlf\!'ij~'H~~~ToA: AI, 
A2 m, A21, STa O)~~Ji~k: to It Qf§%~f~.0 B: A2 m, PT 13, ST 13, IF 13 I.:: to It Q 

f§-lj'~l~iii.:o 13 1;1: DIO vs DIC 0) t ? "I f<::' 
IPJlE~ht::~Ji~~~To C: PTa, STa, 
SMG, IF a I.:: i; ,t Q f§ -lj' ~ {~iIl:o a 1;1: 
(DIO+ DIClvs CON 0) t? 'J 1'l"lPJlE~h 

t,:flJi~~~To * to J: If* * f;l:.iCh;c'hp 
<0.05, P<0.005 l'fi~/;d:\i:iJ'J:i. c; ht::*§. 

J:i.i'i'b-\t~~To 
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Ii, §~g!H::top-c, ~ Gt;::~*O)§~g~t'~:;O'rrhn 

Qo §~g~"C"i, ArdJO)§~M;D~ti~~· *1E~ . J&:'* 
O)-=- -::>O)~id: Q$r~;O· G~ Q C. ~;t Gn -C to fJ, t,;.ip 

~t.~~~~, ~c..,*~M~$~~id:&.~*~ 

L-CIt'Qo 
1. *1C~~~o.H:V::z. -)~ . ~F'EV::z. -)~{&m 

lj.;t Gnt,:)(t;:: t-t L-c, .~g~D~~~ffl L, 7c 0)( 

J&:~~fi~Q~~~*1E~~~C.~~;O~ 7c0)~~~~ 

*,1if¢";::*1E~a"Jt,;.~t~t':~t-c'lit,;.<, §~g'I'HRM~c~;O' 

Mlj. L-C It' Q0 *1E~g~~ip G§~11mM~c~ ~7JlIJ!£~ 

Q ~ c.;O'ffi~id:t,:01), *1E~g~~,;::ij!iJflO)1l1Jr,I"/7,T1. 

;Otf¥tE~ QO);O' ('E:/;1. -/HlZIDD, co QIt'ti~~t~-Jtl9: 

~ id: §~g'11mj!:)j~c1~"/ 7, T 1. ;O'.~g~~ ~rr -j 0);0. 

(~F'E :/ ;1. - /vllZIDt) c. p -j r,,'I1!;O', mtE I;:: It' t,: Q*~ 

F.~tifii ~ n -C ~ t,: (Caplan and Waters, 1999) 0 JlIifO)~fj~ 

-1 ;I. - :/ /' /j'liJf J'i; I;:: J: fJ, ti. r ~ti M@I (left inferior 

frontal gyrus: L IFG) c. ti.~liJ!~!r~1ffU$ (left dorso.. 

lateral prefrontal cortex: L DLPFC), to J: cJti.~M~ 

!r~$ (left dorsal prefrontal cortex: L DPFC) ;O')('!tr. 
~~t;::!fi'fllj L t,:~Ji~O)l~fm c. L -c~Hf Gn -C It' Q;O' 
(Dapretto and Bookheimer, 1999 ; Indefrey et aI, 2001), 

~ n GO)~~h!i'i, It '''9'n t *1E~g~~;O'[i[m~* ~ nid: 
It '$.~gO)~c1~~I1!{>JI!ftIHc'I~~I1!I;:: to It' -C t Jml:m ~ n 
Q ~ c., to J: cJ, 7c 0)1i5gjt,JtHc1~~11!0)~1t,;:: J: ":)-C 
~~ ~ c. ;O'¥R15 ~ n -C It' Q (Chein and Fiez, 2001) 0*Q 
~ n GO)M*li, )('!tr.~~O)~F'E:/;1.- /v{&IDt (just 

and Carpenter, 1992) ~ :XfiJ~ QM* c. L-C fifR ~ n -C 
It'Qo 
.~g~~O)'E:/ ;1.-/V· ~F'E:/ ;1.-/HlZIDtO)t-tJ1:~ 

01) (' ":) -C, ~ n *~~~~-1 ;I. -:/ /' :7''!tr.~ ffllt't,: 7 7
0 

o - T ;0' It' < -::>;0. ¥R 15 ~ n -C It' Q0 Stromswold G 
(1996) ti, ;f,:/ r 0 /'flfrJl:jjliJll3'!tr. (positron emission 

tomography: PET) ~ffllt'-C, fo-h!:fO)li5!!IJ;O', 
)(t;:: to ~t Q*1E~g~~O)fjH1 ~ t;::l~":) -C~1JD~ Q ~ c. ~ 

¥R15 L t,:o ~ O)M*ti, ti.~liJ!~!:fI;:: to It '-C, *1E~g~ 

~0)'E:/;1. -/v;O'f¥tE~ Q ~ c. ~~ L-CP Q UnR~ 

n t,: ;0', rrr,t. < Just G (1996) t;:: J: Q fMRI ~ ffllt' t,: ~ 

,~9tt:'ti, Stromswold G c.'J.tt[l'i]~0)~~/{7:5"-1 1.;0' 
~ffl~~ [l'i]t<.~.~O) ••tt~#-jfo-h!:f 

O)mJ1JO)~1JD;O'rm~~nt,: I;:: t Mh G1"', ~F'E:/;1.

MlZIDt ~ :XfiJ~ QM* c. fifR ~ nt,:o ~ n G0) -1 ;1. 

:/ /' 7"liJfJ'i;O)M~fR;O'-J&:t;::no*Gt,;.1t 'I*~ ti, *1E~. 

~;O'fJl.t,;.)(~~fi~Qc. ~,*1E~~~t':lt-c'tit,;. <, 
§~M1~RM~ct~{>-~~t';'~~Da"Jl'i.j;jf t [I'i]~I;::J:;O''':) 

-C L *-j t,:01), 7"0 - h!rO)li5JM'c."'t G0)~7J~&. 

B.9c L-C1t'Q;O·;O'h;O'G id:Pt,:01)~co Qo ~ O)r~Ml~:% 



740 

Taro Saburo 

STM-W 

~, 
S 
.-l 
'1', 
o 
(Jl 

'&Lr-----J...-,s, 
,~,-) 0 

Lr------'-, '§-, 
~ 

<J> 

'S,Lr-----'---, ~, 

'& 

STM-S 

:kfmu: :kJ'!~Lt 
.-l.-l 

'1', '1', 
=J'!~1.J{ 

0 
=J'!~1.J{ 

0 

B-. ~. 

fiJi~ 
~ 

fiJi~ 
~ 

<J> <J> 
(Jl (Jl 

'& '& 
t;iao6t S, flao6t S, 

0 0 

'0 'S,..., 
IE ' ~, IE ' ~,,,,-,) 

<J> ,"-, ) %'" <J> <J> 

=J'!~ fiJi ~' =J'!~1.J{ \~ 

SY -2SYN-l 

.-l 
'1', 
o 

~ 
~' Lr------'-, ~ 

fiJi~ <J> 
(Jl

Lr-----J...-,'& 
S, 
o 

Lr------'-,'S, 
,~-) ~, 

Lr-----'---, '& 
~, 
s 

60\ 
Taro thinks Saburo him Saburo him 

1.2 

I STM-WSYN-l SYN-2 STM-S 

\ 
\ 
\ 

\ \ \ 
\ \ \ 
\ \ \ 

~ 6 ~~~LH!I.! C~~ftttmJtll~[l~'lr7tillltT 7.> t-:ao';:~JfI~ tLt-:~@l/~ '7 )7"1 .b. (Hashimoto and Sakai, 2002) 
=""?O)~~g~JWi~JHj (SYN-l, SYN-2) C. =""?O)~~'IHJnlll~ctt~JHj (STM-S, STM-W) 1.J,c) t:t 6 0 l'1E~~l!I.!O)J1lj';lHj: 

SYN~JHj1.J!llH*~ <, ~1igtH\jJlll~cttO)J1lj';lfc.~JHjO)MltIt'j: STM-W 'U,,~>-ClIH~~>o 

m~ T 7.> t-: c\I), Embick l? (2000) Lt, fMRI i- ffl ~ >-C, )( 
t;:-2l*tL7.>)($x'7-H~I±l"97.>~JmI:,;V{;L-x 

'7-i-.I±l"97.>~JmO)&m.i-~.L~o~h;O)= 

""?O)Ml:Jm"'eti, Fi'J c: )(O)~ 'j r ;O!{~ffl ~ tLtd-: c\I), *1t 
m.mO)•• ~~Fi'JC:~~~, ~JmO)~It~Fi'JC:WOC 

t~*1tiIJU~tL-c~>7.>o It.O)*6*, h:riWil]§W, )($ 
X '7 - i-.I±l"9 7.> ~Jmt~JHtRI'!"JI~RM5 L -C ~ >7.> ~ I: i
~Jil.Lt-:o ~O)*6*t~J::--:J-C, h:iWimiW!I1f;O>*1tg~!ll!!:f!I.! 

I~ ~h --:J -C ~ >7.> ~ I: ;O>~ ~ tLt-: ;0>, ~ O)1JJil!!~;o>, i§m 

ttmME.~-HI'!"Jt:t.~l'!"Jft~J::~~,*1tm!ll!!:f!I.!~ 

~ L -C ~ ~>JHtR1''E;o>~ 7.>;0> 1:" -5 ;0> i-.W"9 7.> t-: c\I) t~ 

Ii, jj!jj1!fO)ijlSmihi-®:~lt."97.>f~\~;O>~ 7.>0 
2. lEil1:iRllil1:i!Yli:cf.) It ~$Jf~~I,IIi:!l'i¥{~ LJ t.::Ut~ 

Hashimoto and Sakai (2002) Ii, fMRI i- ffl ~ >-C k1tm 

!ll!!:f!I.!I:i§mttmME.~~h7.>&mihi-fi.~~7.>~ 

c\I), *1tm!ll!!:f!I.!O)tt.O)~~~, M~.m~~ttl:@ih 

1il~~Bi-~~Ht-:~,~~'i/~'7:7"1.bi-ft~Lt-: (~6)0 

~Jml: L-C4~{tj:i-IDl:JEL, -5 "t=""?ti*1tg~#UliYT 

(syntactic judgment: SYN) Ml:Jm, 7~ ~ =""? tii§~~1im 

M~c. (short-term memory: STM) ~Jm I: 1) ..'::ntt-: o 
SYN Ml:Jm-Z:'li, ~fl1)giJ) (Atm1)) =""?, ihgiJ)=""?, 
to J:: U:R1)g"-,~""?i--2ltr.)( (fJlJ : r:;t::l'!~ti"=:I'!~;o>fl!(i
tlao 7.> C,1[l,-::d-:J) i-m1tI'!"JI;:tJl':~ L, SYN-1 -z:'tiihgiJ) 
I;:, SYN-2 -Z:'lif~1)giJ) t;: of h-f-h---:J r*,lj( i-N L t-: o 

~Jmli, (l) r*1R$O)ihgiJ)o)Ig~;O>)(~o)1:-' 0) AtmI;: 

~M5"9 7.>;0> (SYN-1), (2) r*1R$O)f~1)giJ);O>)(~o) 1:-'0) 

Atm i-~ L~!ff. 7.>;0> (SYN-2) i-#UliYT ~ ~t-:o ~ h l? O)MI: 
lm-z:'ti, aJl~I'!"JI~k1tm'flJliYT;O>;j(c\I);h7.>t-:ao, ~'ij5t~ 

)(HrGtJ' I: ~ I:~. L -C, ~ <k1tg~!ll!!:f!I.!i-16,~ I: L t-: o 

-15, STM ~Jm~ti, SYN ~Jm-Z:-ffl ~ >t-:)( i- of 0) * 
* ~c."9 7.> ~Jm (STM for sentence: STM-S) 1:, Fi'J c: 
)(O).mi-'7~Y.b~~~.~~.m~i-, m.i-~ 

Nt L t-: * * gC."9 7.> ~Jm (STM for words: STM-W) 
0) 2 f.J.mi-ffl~ L t-: o STM Ml:Jmt~ to ~>-C Ii, tJl':~~ 

ht-:.~ (what) tnt-z:-t,t <, ofO)}f\I[1fl: (when) i-~ct~ 

"9 7.> ~ I: ;O>;j(c\I); ht-: o STM-S ti.~;O>*1CmB"Jt~J.E 

L pJIWiJf~tJl':~~ h7.> t-:c\I), Ml:JmP3<gI~~~~i'-@ih 

I'!"J l~f~U~"9 7.> *1tg~!ll!!:f!I.!;O>-2l * h -C P 7.> 0 * t-:, 7'i;frliJf 
~~J::~, )(~O)~Wii-'7~Y.b~~U:.~~.~~ 

O)gc.ti, k1t~m.l!Ut~ftE--:Jt-:)(O)~c.·:f!I.!fii:.l:~.L 

-C, ~ L <rn~~ ~ 7.> ~ I: ;O>~ ~ h -C ~ >7.> 0 L t-: ;O>--:J 
-C, STM-W Ii 4 Ml:lm~ ~ --:J I: ~mM~c.O)ft~;O;~~ 

<, ~It;O>'iWi~>~ 1:;O>T~~ht-:o ~~I~, :e-Ml:JmI~ 

--:J~>-cJ.E~i¥' RM5~rdli-.W L t-: I: ~ 0, STM-W 
ti, f1£O) 3 ~Jm I: It. L -cfl~t;:J.E~i¥;O>{g; <, ;O>--:J 
RM5~rdl;O>~~> ~ I: ;O>~~ ht-: o 161)0) B*g~i-£tOO 

g~ I: "97.> !J31i (ifl/iil : 18~37~) i-1£l,!lfri1!f I: L, -5"t 
151) li{=jtlJ ~, 1 1) lijj!jjtlJ ~ -Z:'~ --:J t-: o 1.5 7" 7--. '70) 
B}'[~ MRI (STRATIS II) i-{~ffl L. Echo-planar $i
ffl~>-c. tlltijls~f*i-.~ili1WIlI~-2lc\l). ~~~iJ!jj{~0). 
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~ 7 ti:mJllJlllu!l!fl;: mt 7.> *1C~Ml];l"IH;:~tRi¥Jld:f.5i1l1J 

A: STM-S>STM-W (!iF), STM-W>STM-S (~) i'ff- Ltc4lfil!ixo f.5i1l1JO)~Bi' -'(-tL-'(-"tL~& . ~O),'i':\-c'ff- L tco B: 
(SYN-1 +SYN-2) >STM-W(!iF), STM-W> (SYN-1 +SYN-2) (~) i'ff- Ltdljl!ixo C : (SYN-1 +SYN-2) >STM-S(!iF) , 
STM-S> (SYN-1 +SYN-2) (~) i'ff- Ltc~jl!ixo 

ll\;Hi-:d:o/ZB--:JO)illI!!WLJ:7"o "/ 7 'f'-tf/j' /'''C'ff-::dc o 
JiHm;::, '=--:J0)~IiJtlj~c1~illI!!m, STM-S c STM-W 

O)r.IJ-c'~iS~!FJJ ~ ~~iIiX L tc 0 filliilll!!m c 'b, tJVf- ~ tLt:.$ 

~g7UO) what· when ~~c'I~T 7.> ,r2, f;:: t-;; It>-C Ii I"l c: "C'G/i:> 

'61J', STM-S li.$ljM'~ljg:~UUf;::ftt"?-CliCJU~h-C 

It>'{;,tcli), §!Jj}JA"Jt~~ljMI1Jm~ff,,) O)I;::J1L, STM-W 

fi~MI£OCiJ'~ <, ~j'IWHfc~~ fi c: Ii) c T 7.>-Itl9:B"lt~ 

~,3;Q1'tTlll1J'S~Pilll!Jm-C'G/i:> 7.>0 ~iliXO)*551":, L DPFC f;:: 

t-;;It>-C STM-S f;::1f~f;::5~It>BUtiJ'M~~ tLt: (I)g) 

7A)0 LDPFCfi, ~c~T7.>7/j'TbO)~~!f!j{>Lt.:: 

~ (Rypma et aI, 1999), ~c'l~ 0) f,\f;:t;!jIl~HdI ~ ~ < T 7.> 

(Barch et ai, 1997) t~ c", §ljg:illI!JmO)lil£oc~ 1: if 7.> -: c 

1.:: J: "? -C ~!Jj}JiJ'!f!j;l]o T 7.> -: c iJ' G, .:E I;:: fF)1j!Jjfc1~ (7 

::f /' '1';< -t 1) ) 0) 9=';k;~fi* (central executives) f;:: ~ 

1~9'{;,C~;ZGtL-C~t.::o LiJ'L,STM-S c STM-W 

O)~"t'~, E~T7.>.$mO).·f,\f;M~~~~-~~~ 

2.! h -C t-;; ~, illI!!mO)Iil£OCli STM-W 0) in iJ,~1t >0 L 

t::1J'''? -C, ~@)O)~~iIiX"C'M~ ~ ht:: STM-S I;::J1T 7.> 

)1!tRB"Jt~ &ffi ii, §m'I'UIiMgc~{>-Itl9:A"J t~ ~9;0 B"lft 

ron: fij!!j[;"C' ~ Id: It>, )(Jmmf;:: 11!!I1f0) ~ 7, T b iJ'ft:1W 

@]jijJl!1t;::f¥:frT 7.> -: c ~~ L -C It> 7.>0 

*f;:, '=--:JO) SYN illI!Jm (SYN-l +SYN-2) c STM

WO)~iIiX~fT"?t.::o SYN illI!Jmii, .:E~n . fttJf.UnH~~ 

I¥H;: 13-tJ'~)( I;:: ~ T 7.> mfRiJ';;J( Ii) Gh 7.> t.:: Ii) , t~m1R 

rti¥J tt~ljUlUlU ~ aJl ~ B"J f;:: ~m T 7.> &:'~ 1J' G/i:> f), 

STM-S J: f) 'b ~mM,J.f 0)1't jiij1J'5~n >illI!Jm"C' G/i:> 7.> 0 ~~ 

iji)(0)*551":, STM-S c STM-W O)~~iliXI;: J: f) ~5E ~ h 

t.:: L DPFC I;::;I]O;z -C, L IFG I;:: t-;; It> -C, SYN illI!M I;:: 

)1!iRB"Jtt~!FJJiJ'M~~htc (12{]7B)0 -:h*"C'I;::, L 

IFG Ii, jfc1~illI!!m0)9='''C''b, ~ f;::.$ljg:~c1~0)Iil£oct;:: J: "? 

-C ~wJJiJ'~ *7.> -: c 1J' G, §ljg:1'17 - ::f- /' 7";< -t I) t;:: 

~b 7.> c ~;z Gh -C ~ t.:: (Chein and Fiez, 2001)0 L iJ' 

L, STM-W O)f1") iJ' SYN illI!JmJ: f) 'b §m~c~illI!MO) 

Iil£OCiJ"~pt.::li), ~@)M~~ht.:: L IFG 0)~!Jj}J'b, § 

mtt7-::f-/,/j;<-t00)ftjiij"t'~~~T7.>-:c~"t'~ 

t~lt>o *t.::, -: h* "C'I;::, L IFG O)~!FJJli, ::>cO)~ljg: 

t14mO)~*~ I;::ff"?-c~!Jj}JiJ'!f!j;l]OT 7.> -: c iJ'm'6~ h 
-C1t>7.> (Caplanetal, 1999)0 -:0)*551":Ii, LIFGI;::t-;; 

1t>-CM~~ht.:: SYN illI!Jml;::~iRA"Jtt~!FM', ::>CO)~ljg: 

~mO)st~I;::~{* L -C It> 7.> -: c ~xM L -Cit> 7.>0 *t.::, 
Homae G (2002) fi, L IFG O)r$, 7"0 - F7 /'0) 

45/47 l!fH;::t-;;It>-C, ljg:i;O)~iR{>~i'Jtt c", ::>cvA:1J..

O)~,*M,Jmf;::~{[j L t.::~Jl~~ ~5E L t.:: iJ', -: O)~Jlt~li, 

SYN illI!Mf;::~iRA"Jtt~!Jj}J~~ L t.:: L IFG ell c Iv c" 

mf~$5JiJ't~ iJ' "? t.:: o L t.:: iJ' "? -c, ~@)f~ G ht.:: L 

IFG t;::t-;;ft 7.> SYN illI!!mf;::~iRA"Jt~~!Jj}Jli, ::>CJmml;::~ 

b 7.> M,Jm 0) tt iJ' "C' 'b, ~ljg:B"l ttf~UlID f;:: 5!1l < ~{* L -C It > 

7.> -: c iJ'~~ ~ ht.:: o 

*- I;::, SYN illI!!m (SYN-l +SYN-2) c STM-S 0) ~~ 

iIiX~fi"?t.::o -'(-0)*551":, L IFG c L DPFC f;::t-;;It>-C, 

5\';O)~~iIiX c ~;fjf{I;:: SYN illI!Jmf;::S!1lIt>&JitiJ'J;!. G ht.:: 

(I)g) 7c)0 SYN illI!M c STM-S "C'Ii, W~ ~ ht.::)(O) 

-12"/ riJ'~< ~C:"C'G/i:>7.>iJ', STM-S fi, )(O)~ljM\j 

mJ:f)'b, .$mO).~.~~J1T7.>~.#~;;J(~h7.> 

O)I;::Xt L -C, SYN illI!!mli~m1Rf¥A"Jt~~ljg:jft~t;::aJl~ 

B"J t~ H: ~ iJ' rtJ it G h 7.> 0 L t.:: iJ' "? -C L IFG c L 

DPFC 0)~1IJJJfi, SYN illI!!m c STM-S illI!JmiJ'~;;J(T 7.> 

~ljg:M,JmO)1't ('ilj0)i¥: ~ &~ L -C It> 7.> c ~;z Gh 7.> 0 * 
t.:: , -: 0) ~iIiX "C' 'b , L IFG f;:: t-;; It >-C ~ljg:M,Jm I;: ~ iR A"J 

t~~llWiJ'J;!. Ght.:: -: Cli, -: O)~Jl~iJ', §llWB"JI;::fib 
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A L.DPFC B L.IFG 
0.3 0.3 

(J) (J) 

b.O b.O
 
l=: l=:
 ro ro...c: ...c: 

U U 
~ 0-+---

if)S1 j
~ 

- 0.3--'---------- "'- 0.3 '---------- 
STM-W SYN-l SYN-2 STM-W SYN-l SYN-2 

~ 8 ftll,HlJi1W!J<l) ="J <l)~Ji~'~13 tt ~ ~~1Hi'~Mi"" ~ SlWmlfJ 
STM-S ~~-A 71 /' c L, ~~,~if'~"JV~l STM-W, SYN-1, SYN

2 '~jO ,t ~-¥:f:IJ{§%~{[j:m:~ L. DPFC (A), L. IFG (B) '~jOV~l~t~ L 
t:::. o x 7 -r\- 'j:~,~ifrl3~<l)~~t~ll:~=*90 

h6ME§g~fj!J: 0 b, B)j~B"Jid:Xt:t~IJ~t~~t~?*<~ 

h ~ -c ~ ~ 6 ~ c ~ ~~ L -c ~ ~ 6 0 
~f~t~,L.DPFC c L.IFG(j)~~J[~t~}3~~-C,STM

S ~~-~ 71 /' c L t~ STM-W, SYN-l, SYN-2 ~ 

~(j)18%~{~:;i:~.f h;eh~t_ L t~ (~ 8) 0 .f (j)*5*, 
SYN-l, SYN-2 t~~f'9 618-~~{~:;i:tJ:, L. DPFC c 
L. IFG -c'~~id:~tJ:Jj. t; htetip~ t~7J~, STM-W t~~f 

L-CtJ:,L.DPFC t~}3~~-C L.IFG J: 0 b~~t~*~id: 

18%~{~~~~Lt~0 ~(j)*5*tJ:, L.DPFC7J~STM

S t~ **h 6 EI IJJB"Jid:*1B§g~fJfU~5m <~1* L -C ~ ~ 6 ~ 

c, }3 J: 0', L. IFG tJ:B)j~B"Jtet*1B§g~IJ~7J~~* ~ h6 
c ~ t~~fRB"Jt~~-9-'9 6 ~ c ~~~ L -c~~ 6 0 L.IFG 
7J~B)j~B"Jid:*1E§g~IJ~~fr~ -C ~ ~ 6 c ~ t~5m <13IJJ'96 
~ c tJ:, .f (j)f~(j)~1f t; (j)iiJf~~(j)~,~t~ J: 0ii7J)&) 

t; h -c ~:) 6 0 Suzuki and Sakai (2003) tJ:, $~~Jm fl\1RI 

~ffl~:)-c, ME§gB"J~ij5tc~'*B"J· ~~B"J~m~~U~'9 

6 ~~~ It$X'9 6 ~ c t~ J: 0, L. IFG (j)~$7J~, B)j~ 

B"Jt~ME§g~IJ~~fj~-c~:)6 c ~t~, J: 05m< 13IJJ'96 
~ c ~~ L t~o ~ (j)*5* tJ: , Embick t; (2000) t~ J: 6 
~~B"Jt~X1:t.:r.. 7 - ~t*'9~~t~ }3~:)-C, ~~t~&:1f 

13IJJ 7J~1§j *~ t~ L. IFG (j) 13IJJ (j) ~ ,8 c ifn} &) -C J: <~ 

3& L -C ~:) 6 0 *t~, ~ (j)~J[f~(j) 13IJJ7J~, lEX· ~FX t~ 

~h t; T', ~~B"Jt~*1E§g~IJ~~fj ~ ~ c -c'mJJo'9 6 ~ 

c tJ:, 7't r ~~' 7 7 -1 --c', rqr~(j)~/J\~f(j)r,7 ~~ 1 
L. ~ ffl ~:) t~ Noguchi t; (2002) t~ J: ~ -C w.~ ~ h -C ~:) 

6 0 ~ t; t~, Sakai t; (2002) tJ:, $~~Jm*~~j~~fl~ 
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Abstract 

Language functions revealed by neuroimaging 

Ryuichiro Hashimoto, Kuniyoshi L. Sakai 

from 

Department of Cognitive and Behavioral Science, Graduate School ofArts and Sciences,
 
The University of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo 153-8902, Japan.
 

We review recent progress in fMRI studies for two topics of language processing : speech recognition and syn
tactic processing. First, with a dichotic listening task, we showed that auditory language systems may be function
ally differentiated into multiple pathways for speech recognition. Second, by contrasting syntactic decision and 

short-term memory tasks, we found that regions in the left prefrontal cortex are specialized for sentence compre
hension. Future fMRI studies together with other imaging methodologies will further clarify dynamic cortical net
works for linguistic computations. 
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