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Abstract In this article, I will focus on our results of a CREST project of JST concerning language processing in the human brain,
thereby updating recent advances made by functional neuroimaging and magnetic stimulation studies of language. First, I will provide the
first experimental evidence that the neural basis of sentence comprehension is indeed specialized. Specifically, our recent functional
magnetic resonance imaging (fMRI) study has clarified that the human left prefrontal cortex is more specialized in the syntactic processes of
sentence comprehension than other domain-general processes such as short-term memory. Second, the distinction between explicit and
implicit syntactic processes will be clarified, based on our fMRI studies that elucidate syntactic specialization in the left prefrontal cortex.

The current direction of research in the brain science of language is beginning to reveal the uniqueness of the human mind.

Keyword Language, Universal Grammar, Sentence Processing, Brain, Functional Imaging

1861 £l 7 a— I RBEOCREFLHE L TLE, BOrbhT&i, bz, ABMEFICHEb - EFERE
EREEOEFN N ETHEELERENLTE L, K AR, FomOLOBEEFEEREBIITLORE NEW
MEEODEEHF CHA T u—bBREBEEEZRITI L. SMIBIX, TAVIOEBFEDTF a ARF—LAAS
REINDIAPOXEMNRERNEKTTLES BER ZOREBELEFZEOCT VLD HLRTRSE (1975
MHENTEY., TRkXE) LEEATVWS, 1960 £ £) P, AL L THBECREMNBZEIBT 25O
. T2V A0FYa by o, RXEORENR T Wi Ths,

oO—- A B EUMEAECBETHL I L ER LN, 1980 ERICAR - T, KR XENREBVESH S
TOEZICRREYBIAIMEELEERNT, BEMN EET MBI EOEAANET B LA REE N,

— 265 —



LoL, REOHEFCTHE. MO I,rbEESHHTH
BEONERDDIENTERY, TO%, BBF¥0E
BTV, AHORMES 2@ L LT A% PET (K
ThuerEBREE) P MRIERENBEEBRBIE)
REEFAWVWT, LOIETIETLBEOERKDO LI
HEPERAILNDILIICRoTEE, Zh b ORE
A AU TOBETICE T, SEIEREERE
T —THORHABEEINDI L Lo, £

OREFPHEBOERPERICHEHTIBFEL -2z,

Ta—THOBBIIERLE LTI bhrbRhol,
XEFEoLHETH, BELATIETHhIETHIICESR
BOBEBMNRB RD2I e R LAEDITELE> T
DT, EBTCHAL., BEALALOBNBROATNE
BEHOEBHEBOIL V) FEMENE-LEETHo
7. EE BEFYAVASESELTEBET. EM
OMBEELRFEH T LBBEINL TS, TE, A
MTRLNAIEBOKICE TR HREABIALROF
NRyP—THEBEN, EBRIE—BRHRBHEN
DEFELLTELADNIARFRIBEH TH o,

1. XEx7-THT3BRE

BexoREST a7 T, EBOARETHD
X LV HENABERMOPTCLEDL I ITH
PR TVEANEBEDARMRECHE & L TEHNIZ
Aoz, BRA2EOBHAERTCRBEFACERVE
BREOAOCEY*FBETHIILEAZLLE, ZOHEIC
o, EEOLBICHILLE EEHEBERE OFE
BEENPDLND LEZD,

FarbAX—RNbhb LAEEBEORTFIA
Lo 7 ME, T¥EXE (Universal Grammar) | 2%
CoOTHELL, ¥EXELIX., AHAEEBBNIZL-
TWBEEXDNIERBREN. THOLEBHEEER
KOWTOBRTHD, bhbhBEBLAVTHEE
Lich, HBFORFLEE LV T3L &I, ¥R
XERELE S EERRLESY, BEROLALTHE
ZhoTWwaLExOND, EEFETIH., ZO¥EX
BOBEFBE LT, SEIELRETFOT—F 2L EMIC
FHT R TEIEBMBEHRENTESL, LA2L
REL, ThbOBERBA, MOBAEEO—HELT
IRHEINEINEI DX, ERE LS Do TR,
FEXHEOHAEREN, EBECHMOLO L >RV RT
AMZEoTEBRAENRTVE D, EWVIREHAZBEIC
BT 3012, FILVWHERNTZ XA AOBRBNYL
EThb,

TEXERESSCXORE b2 =—7 2T, B
ROFHEICH DB 20T, [(KEEAKBIZ=ZBAZOT
AFTEREZINEBOTNWBE Lo JOX3IT, W

KBHLTHLEVXEZERMIESD Z L BFREMICHAET
HBH, EbIT, bhbhidXTEMAR T EHETERART
., HRIKRBTAHIENTES, £ T, XEOE
EMEEF v I LT RETHERRDDOA =X A
BMIZHDZ EVWIEERBREITTHRBZ I LIZT B,
IOEERDEARIET HEDOWERATFAL L ELT,
XHEMARAMBENEZELXEBYOMBV RS X R I
BT3ZL2RB, FORR. XEEE-TCEER
BRETHLEZCHIMOTHEZ IMRIKE > THOHT
B & 212 L7 (Embick et al., 2000), Z DER TII.

HEVRELTAHBRECIREOXLEEBHITERFL
T, XENLREBEOHB LG OHBTICB T 3 KIESH
FHBLAELZA, XEMNRMBVWEELINUX. &Y
OMEBEVEZELX LD bRVWERE, AREEOEE
BEHICSERBITIENALLII R, ¥, IO
2EBETCORETRHOEX., EMOTu— I BREKR
Tholk, UELORBRIZ, 7u— 2 BERXELBICE
BLTWBZEERTERNRERLTHY, Ktk
AXERBE D 2—LOFEELTREL T3,

2. XEPEORR

FROBREMD. XEHHICLELBOBES Y
o—ABIZEBRLTVWAI ENbhrokn, —KHAR
REABEN L OBREEICT o — 1 BHOBE ICEEBLR
ETorEROOMBETH o, FITEXIT., — &
B8 mlEoRRE LTREBIIARy &S TH—
FHT, EEBEORLLE LTXERMESIT T, @F
EREEEE, TOHFLWAZF AL AZEIL IMRI
DEBRMPD, XEEEIEEER U TIHENRE
BAEMORMBEMBICAET I L2RALE
(Hashimoto & Sakai, 2002), il & OB MBERE TIX
BHHTCERVWEBENOELRFE LA ZOMAITHA
THHTOLOTHY | EARKNRBMOBESARM LV
NTRILTHDEEBXDREEOMBEEOEBR LA
TRRTHD, ZOXHRHEOEAERMKEROII
RoT, NMIOANEEZ2WxATHZL08E 0OBEH
N Z L RHFERD,

HEBREIT, BABXRBLTHOEAERABN 16
AHTHDH, ERICAVWERBIT, RD4-5TH 5,

1) XEHEHREE0 1 (£33

[RERIZ/ZBR A/ 2D D E/BS5 ] ERLK
RIXDI>BED12) OXHIT, XOXHENEIZO0S B
TLERBRERTE, TRTOXIF2o0OBEEFLFH. 20
OBFE., FLT1o20R4FA»bR2%, ZOBRBETIX
—FOBFICTRAS AP TRY, XERTEI, Z
DEFAL—FORELFARRT CHND, HREIX.
COBRBFAANBAOEBETHIIIRORY V&2 H
L, EBECRhRINERORY 2 #H4,

—266 —




2) XyYEREED 2 (R4FH)
: BEILRALXZRABIIRTT I, ZORBETIK
REFICTHREB AL TEY, XE®RTEIZ, ZOR
AL —FORBAAST CRND, HREL. Z
| ODREFAVBEFLALBLBIRLERORF 2/
'L, BLBRPhEROR Y U E2FT,

3) XoRBHEE (XEK)
: BE1LRAULXAFERICRRTTS, ZORETIX
TWTRAOEBIZTRAB AL TEY  XE2EEREIC,
CZOHEBLLI 1 OOHEBENXT TEHNE HRE L.
ILO2O00HBRAXOBTIEE BT AR LEKROR
FUEHL, —EBELTWhThiERoRF 287,

4) HBEOTEREA (HEBETLHE)
BE1:RALLXEZA&M BRI A — T L
BITHRTTS, ZORETIT, HEFLZHRTREKIC2
DOHBR AT THRISE, HREIX., Z0O200HE
NEEFIORTMELE—HLTWBIALERORSY %
L, —EBELTWEThiIRoRF U 2#4,

IOERBROFLVAIE, RALHEHEOY X FEHEN
RBL, XEOCHBEF > TXOBEBRLYHE T 5BE
L BHEORTEXEAIERBEBEL LI E T
FALLIZHY, ThETTAMINRAEZLORVWER
RThHD, HELRBLXEETIX, ELbLLHRENE
BIZRA LA, BETHIREORVWEEORIIZE
X TRZLARVWOT, XEBOXEHEREL
RTEBEICELY,

EBEMFAMOBABEL L CHINRZBE 2HEE
RVERLIE, EBOARSCREELHMSIBOA IR
BEABRLLEL ENIHEELRICBWVWT, EEF%
EDEIEVWERICESABREBEINIZXTTHE, &2
AN, HEBEZBROFAXERIV bRVWEB LS &
Lo, HEHE,OWMEER A To—HOBEK
EidThotl, ZThizL, 200X EHEBRBELE
BREBCHROEBLZEBELBR L L Z A, EMOBTER
AMBIAWESNBEEIhE, Sbic, XEHKESR
CXEBEPEELBLAEBSTH, R UEKMNRE
BT A LERHE L, o T, EROAMENEI.
XHELBIZESS EFREEH- TV BRI LRERT
x5, APFEOBREE. IXHE] LV MENZES
BROFRTEOLIITEDLR TV D &) BERBICR
L. BEOCKMEBEOBE L LTFBEMIIEXLLLD
TH D,

RBEOHAETREORE Thole TRXEL @
PAREIC L, HBEEA A — P TOFRITE>THL
WHRERMSTE A LR, BEEOBSICBVTHE
EThHD, TORRIX. MOBIENM L SEZHEOHY
FBEHOPIZTIERND EEXDET TR, EF
EEORERE*HETI LT, Tu—vHEAIKE
OEBPET=F—TEELOBEENETET S,

3. XEPHOIEH

REXMBIABE (TMS) X, 1985 Enbx L
LTRBOESHFOMBEL L TAVLRELSILAR
o7, BRAEBW T, BBOELABEERL 5| &R
L, KIMREL R TE D, AFECHVE ZER
R, EPBC—EOHETCMAZEEENETH
D, BEFIIHLTLRETHEIZENEIPDLNT
BV, BIVA—DMOMNBEREE I VPO
ERABOND, TMS iX. BEEAHITHO—5 % ¥
LTROBETLEECRREREHALMITE S, B
E—DERFETH D, Thrid, XEHB & EHRH
Bricxt 42 TMSOMREEEMELTHZ LT .XEBL
Blr7uo— A HoBEoRREEEREEONO TCEAL
(Sakai et al., 2002), FRIFEIZ L > TXELE OB
BWEMFO—HMICRET I L EMNTEN, Lb
TMS B # f R (B $2Z2 L0885 »
Ehrot, BREEDO TMS OERIZ. ThE THAER
BOEBREBIIBOLATEY, IMS HHEERAL2BE 2K
EHBREEAH T I LLARESAhTVWAEDOT, Z0
MEREBLBIRERTH S,

TOEBROFLVWAIZ, BLEBEOI R MEHEN
BB XEMEEE - TXOERZHNTIHRBE L,
BHROORBVEHE T IRBEEA L IR ATH A
LD EFRICAVWEEEREI. RKD22oTH 3,

1) SCEEYIURRE (Syn)

W% a3, 1% T3, hox *
DB Lok (EALE 60 XOH) #, 3XFET
D02 BILICEERTRT S, TRTOXITATAN L
(1>OBFA,LARD, XERTEIC, TOXHIER
WZIE LT id (N, normal) S REFEFEORY v 2#H L,
ELL RiFHiE (A, anomalous) FRORF v & #+3,
XEBZHEE->7-X (Syn A) OFliX, Twxz 5%
51, TAbE ZBE), ho® »bl] TH3, =
NHIETART, xR ob3), (bR 283,

Maon b EFTRIFELVXIERZ 0T, Bk |
I DOBRBYVIFIELWVWXTHD, ZOBBEIX. BARFEO |

IERBRTEREFITML X RXEMB(ERTE) |

MEETHD,

2) BESRYIMHEE (Sem)

BE1LAKIXEZRTLT, ZOXHEKRMIZE!
LithiZ#gBRERBORF 2L, ELL RiThiT
HRORY EBT, BRAICHEE-7X (Sem A) @

Blix, Tw& i L21d],

(Zb% OA5], ok,

HDB) THd, THhbiF§F~T, XEMITIHELW !

XTh B,

HERMT. BHORTHME (T=0). Zhi0

0.ISHEMIISHEOWTIhI OIS IV TEBAT
Tolk, EBRTIE, BRAFORIGHE (BF O RTRH
BrbLRI VM LETORME) 2RELL, BEAH



Rz, BEMEEMLTICRBICES 7Y
v I EOARERT LK LT, RICKMOZE (ART)
ERD T, BRABOPDROHEZFE L LE, £F, T
—HEF (ZHPLOP L ETMNEBT S EMBEETRO
—8. 7u— v D44 FLASFTABMORIHD)
WHRHE Y5 X ERERT . T=0 TREFANET
ERE#Z2OT, EREBHUNNEZLRVERT
by, EFLL0BEEL, ARTHErLEDL 2R
7oo WRITT =150 ms TiF, XEHIMHEBE (Syn) 128
WT, XHEHIZELWYX (N) tEE-7X (A) OF
FRIEBRBOBRALARLONE, KGRHEIEDS LE
LES L. XEHMEASBEES KL ERT, —
. ERUFREECORSEMICIEE<ELRERLGNh
o, £, . T=350ms T, ¥ LL0REL b,
ART B r ¢Ebbhmrol, Thizx L, HATHEHR
(Fu—Fwr0O8HLIBTHLIZLHE) ITHR
WML ELHERTIR, T=150ms I8V TEL LD
HELL, ARTHY v EbbAhok, SUEDORA
Io, ERoTe— 1 HoER L XEHFORRBER
NERShF, CHERLBOEYRIBE CHEE LD
ORI, HRATHND T THB, T, LEHEIE
EENDEVIERI., FOHORRABICL-TTa—
IEOEBLAFREINDZIET, TOHROIENIMIC
HEIBBRBIDRTL B L ERETE, ZOH
LWA BT =X Ak, BORE OIS A SCHEHET &2 7 -
TWBILELEXEBNIITTERTH S,

4. EBANDPLXERETOTnEADKRY

EFEEBOWMBRANMBE &G LA ERHBESE
BB TP HEEFOFEHE MRI 2 HVTHEL, &
BOYDENEEHFILI -~ TEOLHI>ITERIPERY
L 7= (Hashimoto et al., 2000), F DR, —REEH.
MEFE., LMERZ SISV TRAAMNREHNHE
Eh, MEHICATEEEEOEO Y — 0, K
BHEASFICEBWTHEFETIZ AR LMNII R T,
UEDORERIZ, THREELBIIREVT, BEESHH
BHOBRRBICBESLLTWE Z L2 RETE, £,
BELHAEOEF YT 4 —Z2o0 T, XLV OLE
LERBLANLOLEBIZED REESH L MRI £ VT
EL, XVAAOLBICERNRED L T TRMOE
B A RIE L (Homaeetal,2002), TR LY, £
TR EE E R S A RO LBEIZBIRMICEDb o T
HZLEBBELMNIR T,

Taid, XSICEHNE 2 FREE R X OCR %
el X832 LT, XEHEORERELESRM
W fMRIIZ &V #~27- (Suzuki & Sakai, 2003), EE#|
WIZT R THEEMICET L, XEHE&HE (Syn) T

HHIEIAXEMNICIELL A E ) Rl SRR, B
WY W& (Sem) THBEWMIXHOLELBHFDEK
BoRRYBRELWALE I HEHE S, THRHKSE
# (Pho) THEFEOT 72 MRIELWAE S 1 E
Y&, FEE Yy FHBEEHE (Vo) TRFEOY Y F
PR IEL, TRTCORHETCRLCERZEE Y A b H
WXL, BEE&ER L, TOEER, Syn - (Sem
+Pho + Vo)IZ B W CETRIEHE (T r—H &) DA
BEEREHARONE, ZOEKIT, XEZS—I0R
RIS T BEMLE —B T %, Sem & Syn EhEh
TEBWTEXERXORITEZTTHRFTLIZLZ A,
ETHEERIEZELEBIXOVTRIZEWVWTS Syn 2@
RARESEZRLE, ZhboBRIT. £ THERE
FHRPECE RN TR <. SR RGBS
boTWR I LETRTIERTH D,
UEoEix., EELBXAMOMCHILRER YL
FOZLEPO T & SR LI, AH%E
PAORELELTELXDAMBERESEEEES
TlikhBlEILNS,

5 F 3R

BEHRR: [EHFORBF-HRILOL I LER2ELE
Tl . FAHEF, EE (ISBN 4-12-101647-5) (2002).
Embick, D., Marantz, A., Miyashita, Y., O’Neil, W. & Sakai, K.
L.: A syntactic specialization for Broca’s area. Proc. Natl.

Acad. Sci. USA 97, 6150-6154 (2000).

Hashimoto, R., Homae, F., Nakajima, K., Miyashita, Y. & Sakai,
K. L.: Functional differentiation in the human auditory and
language areas revealed by a dichotic listening task.
Neuroimage 12, 147-158 (2000).

Homae, F., Hashimoto, R., Nakajima, K., Miyashita, Y. & Sakai,
K. L.: From perception to sentence comprehension: The
convergence of auditory. and visual information of language
in the left inferior frontal cortex. Neuro/mage 16, 883-900
(2002).

Hashimoto, R. & Sakai, K. L.: Specialization in the left
prefrontal cortex for sentence comprehension. Neuron 35,
589-597 (2002).

Sakai, K. L., Noguchi, Y., Takeuchi, T. & Watanabe, E.:
Selective priming of syntactic processing by event-related
transcranial magnetic stimulation of Broca's area. Neuron 3§,
1177-1182 (2002).

Suzuki, K. & Sakai, K. L.: An event-related fMRI study of
explicit syntactic processing of normal/anomalous sentences
in contrast to implicit syntactic processing. Cereb. Cortex 13,

517-526 (2003).

—268 —




