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Abstract

Since the first report of an aphasic patient by Paul Broca, the localization of brain function has been
disputed for 150 years. In lesion studies, double dissociation has been a key concept to show the localiza-
tion of particular cognitive functions. The advancement of non-invasive brain imaging methods enables
us to investigate the brain activities under well-controlled conditions, further promoting the studies on the
Brain imaging studies, together with

subtraction and correlation analyses, have accumulated evidence that syntax, phonology, and sentence

localization of the cognitive functions, including language function.
comprehension are separately processed by modules in different cortical regions. More specifically, it has
been clarified that the module for syntax localizes in the left lateral premotor cortex and the opercular/
triangular parts of the left inferior frontal gyrus. This modular structure further suggests that aphasia is
interpreted as deficits in either syntactic or phonological processing. Therefore, the classical model of
contrasting speech production and comprehension should be updated.

According to theoretical linguistics, on the other hand, the recursive computation of syntactic struc-
tures is an essential feature of human language faculty. One direction of research would be to contrast
human beings and animals for the abilities of processing symbolic sequences. Another direction is to
clarify that the human brain is indeed specialized in language processing, which can be revealed by
well-controlled language tasks and functional imaging techniques. Here we will review recent studies that
The future studies in the neuros-

cience of language will eventually elucidate the cortical localization of language function in a more precise

demonstrate the existence of grammar center in the left frontal cortex.

way, i.e., what is really computed in the human brain.
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(A)

(D) EEWEDEY 1 —)iEE

SEICOWTCHERZEED T2,

1. SEICHFDCEMBEDMIE

SHEEEOMO S & E BRI DV T, 2N
BRI ES T HIRE S FAET %o 2t LIRSS
T, EEEHAL &R & OXEEGRD S BREEHEE T 2
RANETH o7z, HBMEMLOBEIC L > THEEA R
EEZPEEEB Y RbN, FIOIAOIRE TIIHEFEB X
EHEPHEEEADBKDbNS X, IR 2 DOMEERED
T Ef#4E (double dissociation) ) Z/R¥ &9, —HE
fREEE, PAHERED RHE 2R T EBEN R E 75 5, KE
TibN2 & S0z, HEBEERE & B MEARR I O HER
BEDHAIR] &5 72 5T & 72, HARS BN O fREM
13, TOREHOBEEEY 2 — Nz > THbRATWS
EEZoh, IhokROMLUTCRET S 2 ENFFEOM
B¥OBBETH L, ZOLIHEY 2 —VORTFEDFH
BRET 2T H I, BEEMESKILEBERE (func-
tional magnetic resonance imaging : fMRI) 7z £ D4E
RIER R IEREA X — > > T HEifT 2 L5213 % <
HMRZbHLTE R,

HH SO IMRI 2 BNCZET 5 &, SCEHIBTRREIC
XU T, FEA)EXORERNE %5 fidl L 72 mHEcE
SRR U THW T, IMIEE 2 E R Lz,
Z OFEE, A THIEEEFEL - =MAE (L. F3op/F3t) &
EASMIREENRTEFIC BT, ORISR I 2 S B H5HH
S >TWS (Fig. 1 AP, & 512, SEHIMTHEIC
U TR E B E L s LT, AT

(C) =8z

Fig.1 SEWEES1—-ILOBE
A X CLORERSE) OBRIC L - CTIEEhT 2 5ER
(T HIEEE SR ER « = A5, B L CESMALER)ET
%), B XEEMRIC X - CIEEY 2888 (£ T
[EIIREE) o AROMEKIE, FRERMEERI L 2158 %
AL, FROBEEIE, HEREIRRC X 2EE 2R3,
C:HEOMHIC X > BB 5 Hik (7 L
E)o D: ZINETOMRICE > THLRICR S TS
C BRI E Y 2 — VDT, E @ R Sk EERE
WFRicE D W B - REEERFEE TV,

[EFEEEL « ZAEPERICEET 2 2 L RS Y,
—H, SEXTEROESE LMW 238, SR
THEA S N-FER O & JEHEE 2 M 2 i & Mg
U7z EBRClE, 72T RTEEEIAREEEE A3 3 O B R 12 B
R 5 ZEDNREBENTWS (Fig. 1 B)Y, FHEHINERE
V2 U CSCER T S BT & i U 7o, A2
FEEEEIIEE) L7z (Fig. 1 C)¥ 2 5 L7-FEEafE R
Ok - B - THOBERENSHO L ERD, bbb
NEMCBT 2 5EBUHEY 2 — VvV 2RE L (Fig.
1D)?,

INSDOWFETE, BFERIZTTEL, XFITL3
HHEHBERLEATED, INODFHEEY 2 —NVBAS)
DEFVT 4 (FEPXF) KLokhnZ BRI S
MmEES>TWVD, XFOBRITIFFEEPHEBICL E
WREL, ZRULBBEITHLEHZ N9 —F
T, SiFEEPLEFRED O X 512, XFITRHR 2O
BENTFET D Lo, EVFNEROEETDH %,

PLEDORKEREA X —Y > 272 &k BW152IE, SEEALHEIC
B5-9 % ixiE B AL 2 AHBERIfR & L CHES DIz T & 3
M, FOREMELZRT LR TE RV, 2 I TEES I,
FUHB SR (transcranial magnetic stimulation)
ERWTAETHERZRET 2 2 & 24, XOEKEH
Wrcix7e <, EHI O APBERIECRES NS Z &
ZHHO T UTe®, AT RISAEIFFEEGS A0 & A2 MilLE
BhETEF X, TSR (grammar center) ; & LTI B
DEFEZOND, 28, BEMROBEFOERICDONT
IV f#iThR 3,
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II. EEERELRRMEREE

SCEFX & U THRE L 722 FHiE R 2 = A5,
KEBEWT e & B #B 1 AFE (Broca K55E) #51& T
"Broca ¥ (Broca’s area) ; & L TIA<HIHGNT 5,
EEIMARE & 1, XOMBEIBBOREIZNLTWEH
FINFFELEENEE SN IRETH L, —FH "Wer-
nicke ¥ (Wernicke’s area) ; T& 2 £ FITAEZE A
B %2 5 & EREMERFE (Wernicke K58) 2840, ¥
FIXTIGTIE D 2 b DDEEFENSL , N OMFENFEE X
N3, ZOBRERIIFHGTE L EFO_ERFHETHY,
Broca ¥ & Wernicke ¥, & X O#H 2 G SMEEE (5
RH) »ophiyeE 7N (Fig. 1E) 5 HE T%
JANSNTEY,

Lo L, FHElllR ST % S i KEHE DB
Do, WH OKRBERE THLUROFERZ &35 A b
ENTVDEDICHEE e\, HHRICHE?SZ D, b L
FHPLHGE L~V 5 D OEEN ST OHfE £ T
W# I 2 DIFHARTH Y, REEKEI TEEOVLY
BB LAV T T AN FEENL B0 db o T
WDTH 5, FRRICL GEEMERTEICB VTS, MR
TR U CEEDMR Iz LT B0 £ 5 Il ORE T
Fbnoikw, HESEETIEIXARTH> THM 5% 2 &
LHEETH 278, R CIISURRES] 208 L CFF
g% 2 EBBETHD, WMERES X —Y > 7 X 20
FRDT =% b L ICHEDEFOMEEZRET L, £V
BEEDOD LIERPVRETH S EFZ T 5,

. BRASEOHFE

BHASHEUE T, AMOFE FH52 "TXREH
Xk (context-free grammar : CFG), %, L DWRES
NIRRT U Eiz 22 WIIEMISCEE (regular grammar) |
HOXAT B Z ENHEFEETH D, AR IR EEEREN
ERO L WIBEEDKIEE LT, B2 hiE CFG
BHIZOL b Lgwy, EWIRETD, Rz ER
ZHO B ETRALN T B0 EEDYE T, §#
FENLEOKEZALEBD2Oo0% 73 —IfHH 45
T, AABB S° ABAB & &£ D% — > X FIAJED &£
9 PR % (Fig.2A, B), 22T, AABB ¥ AAABBB
EWVo 7oy =3 CFG OFITH Y, ABAB IZIEHC
OB LRESNTE I, L L, 2DOEEEH] A'B" %
RIS TE 255121%, CFG BLE L %50, iis
FIISERTH ARV I ESE 5 b EHETEELDT,
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(A) (B)

Ag A1 81 BQ A2 A1 B1 Bg A1 81 A2 Bg
Fig.2 HAEZEDOAKHEE
Mo A,BREESOATF ) — 2R L, BLF
% [A, B] oflz#d,
A, B: 8% B RRFEE coRLBY £, I LT
EENTOIRGEET IV, 2D & 2 MR ET ORI,
KD & 5 2eiig & 3 5 AR MIE v, C, D : Friederici
& EERTHW SN2, A OREEE T VL, SEBFIC
HIUEIS 7 3 DO XD MSTEEICBWTHEL 2 L v Rl
D5 ,B OREEET IV, B L - EROMME CREET
BANCHEE LETH Y, BREENCANEREATH 5,
E:COEBFNICH LTI, "TREBIZETLHHS L Bo72, 7
E O oA BHESE 2RO XSG L, SRR CHVwO R
% 2 XE4r i (binary branching) W<, 7%, #7203,
HESPNTE2HD LS b AEEEE2HEZ 200PEHRTH
%, F:DOEEFITH L Tid, TREBIZZE Y, TEFIFES
7% £ OENHEFCOIE L, BREFHNCIE, KO & 5wk
AHEEEFHRT 5,

VEME L 3

COFEMEEPERY ZDOTH D, 512, AABB®
ABAB 2 D 8% — I3 Fig. 2A, BO FicEhhni: &
57 TR, ZINS LWL %<, BT 2 XD
KB ANEEL S bt RG> Tw
%,

Friederici & ® fMRI #f%ETld, A,A,B,B,, A,;BA,
B, ® & 5 xHGBIRD B 255 (A, BIXRFFOREME,
WRAFRFESOMELZTR L TW5S) OF| 2 WEREICHR
L Tw3(Fig.2C, D)123, ZDW%TH Fig.2A, BD
LueErhl-AREESRES N TS5, Fig. 2 A
BIS 72 3 O XHEERE L B LW S RIEN D 5, i
DIABIZITT 2 ARG TIE, Fig. 2E R L7l 2 XS
4 (binary branching) ; @ & 512, 4K % 721345
I DREE R IRET 2 DVHEARTH %, 72, Fig. 2B Tl
W3 % HHE CFEE TG L w528, Sk Tl
B 1OEDOMEETHEET 200, Fig.2FD X 5%
AEETHL TR LRV, 78, SAHEFOEIE 2
2L 3ONUUEDHBENREL ZH, ZnIFHERH
([{a#bl#cl=[af{b#ct]) DRV ILODBERICHFL T
BIAENCERD 1B,
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Table1 BAERENEL ALMLREIERES

HAFEDIE L WA 25 T 5 %A

AN TRy SR BRI 2 58 9 % 56

FHiOREE K=l X 5 % B3
ZEORSE B 3 R I ARSGNS

EBEiORSE ©7 13 K= 28§ 2 AxRE & 5

EE DS K= 3 F w2 B3
RS AND & F ik K-

WEEORSE R— 13 F 27 A3

Fig. 3 DEBRIC AV &7z, IE L W HAFEORE I BREEBOGECE DV T, AR OIEFEA 22 Bf%
YT 2 RERD B, ZHIIHL, UTIRT 3 DDA THRGERIEREYI T < shl-fhEx, EaoE
FT 2 BIGRPIERE O 4 THIWT 2 C L 3FJRECTH %, SEDHEEIL, "2V, % 3 DHOHEO®R L ICEL 2L
T2 6 T3, SEMOMEIE, XNOTXTOHGE @25 C) 22k LTHIEICT 2 2 £ToK
5NTW3, WEEORSEX, BiE T2, OB T, 2BEL ZETOL 5N TWS, Musso Dz %

Y LB,

Fig.3 BAREEBOXEICHT 32 A TrIEMR
(2R A 7B ED

FAYVNOHHRECE 2558 L CHARE
A Z ) TEEERYEHIER L OMMER, 1272
L, HARFEEA &) 7EEOHER AW AT
9 72 SR EBUE PP IOS 2 22 & 8 7 St R IR S
e LT, RIBFHAFTEOEE %, #OIZA45
V7RO EERL, [R—OMEELAER LT
W5, Musso ®DFX'™ % b I,

HRSFEAIEDE TV OHFICIE, SRR ARRGE 2 —
YMRET 5 2 &2 <, BT 2 BB OMERNER 12 1)
TROBFEZFHT2HDBH 5, 2L TEHRSIS
RREFPRCY 1, EHRETERYE %, Musso 5% 1%,
2EREE L CTHEGEOSCERIAN 2 58 T 2 I L
T, NLH2RREFES %58 3 2 8 % i L 7z
(Table 1), = DFER, HIFEDOSMTO AL FRIEEBICE
BEiEEBsRE s (Fig.3). I OHRIZEFHRD
BB E ST 2H 2 TH D, 727120, FH2ERED
BRICBKEREAENDH Y, EECHEVLEALN
ZDTYW, B15E (BFE) WWEILURNPLETH 3,

IV, SGRUIE(SHERRICH D 10D IGEFRDEERA

HiffioZmRTHS M Ic kol L S, XONHETIZZ
DRSS O IEHE R BT BB L 20 2, Bl Z21E TRERSS
TETEFEATHE ) EWI XS T{ET 2 KEDIEA T
W3, Ewd THhEEE, 20K 3854, HWEEZX
FHICREN T 5 SR S B ERN R L i 5, £z, TIETH
KEBIZFHEN T WS ) DX D ICRHE DL 255
[EIRE - &34 D8 L B O L TARMENLETH 5, &
no 0L, 2 OHEFBEOER b CEEOEHRNA b [H
—THY, XOWEDHNPRL L, 2 I TULOZEMG®
g g, SR O &% Mot 3 % 2 & A3 TTRE
ERBTHH9,

EHES IR, XD~y F v I EEER Wz fMRI 5
BR 21T - 7z (Fig. 4A-F) 9, Z OFER, SCREE O AR D
VWX ENZ BT, £ NHTEBFFED - Z M558
IR 5 2 ERRH SN, & o I MIEE BRI
L ClRABEDFE 21T\, &R 7 R IVRBIEE 2 & B h
THERE % 2B, HEROBEEOZEDE N R R
#f L 7z [voxel-based lesion-symptom mapping (VLSM)
®lo T XY, ATHTEEEIFFELS - Z A5 g &
DEEHTIE, SGHLEOEROE WX TIREENER
ZEWwE W) XERENZ->EX D L& (Fig
4G)'7, ZhoDRERIZA A —Y v TS L IBETED
AIEIC L > THID THEO NIz DT, EFROEEIC
X o TR (agrammatism) | BE L % & v 9 RIFES
RS THH S Pz 7 - 7z,

V. BREENEDFERENT

SEEEICNT B iERE~ v © v IR, IR 2
AT IZ R IR 2 S %\, BB ROEMRLRHICB T
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(A) BEBISZ(AS)

Fig. 4 fMRII(Z & %84 XUELIE ICE D
% XEFRDEEEA
A SHEX e ZHEEISC(AS), B A LRI UKR
WXL, Xz (PS) £Likzbd, C:
A LEICHRICHT L, XEMEETL (SS) &
L7zb D, DXL LT, 2HBRO
WX (SC) 2 HWIzE T AS Feff & T,
PS & CHEEIC LA U iiEE, SRR
WY, T RIEEEFEL - A0 A2 4
Sz, FISCHRMpzHEMEL L&D,
AS + PS - SS &0 E D5 5Z R, AS 4
&0 R O BT AN R PS - SS &R T
BWESOHIMN A ST, G I VLSM 1
X0, BEEOEMT PS &M AS &H0E
BHROEWCHRERZD b I2H0L % KRBT
R, BHOBEBIIN (E) 2B 2 B2
AT, INBIFELZHEEN AN SN, £
DR MANTE 27~ L, AEIORIZASERTN Iz
LW Z R T, FOBF L, HizSEH %A
HEODR P SDEE (mm) 2KT,
A-F 22w TlE, Kinno R, Kawamura M,
Shioda S, Sakai KL: Neural correlates of
noncanonical syntactic processing
revealed by a picture-sentence matching
task. Hum Brain Mapp 29: 1015-1027, 2008
%2 L R
GIZDOWTIE, Kinno R, Muragaki Y, Hori
T, Maruyama T, Kawamura M, et al:

(G)

Agrammatic comprehension caused by a N =

glioma in the left frontal cortex. Brain
Lang 110: 71-80, 2009 7% %8 L Tz

50V 7NVE A LD ONWT, BB HERS ST
TNVIIZ T, &R ERE O BEREF IS AT & X
ns, EH5IE, MG (magnetoencephalography) %
v, BRIFECH < MEhEac SR 2 GBI 2 22T
RTSEENC B L7219, 21, BB & - CBiEas e
B TFHIESN DR TH S EFH 2 oh, XOARGEIC
X 2B E B EHT B,

S EEER DAL DL TR, IMTEE) ORI B
T 2 TiERE IFHES#RAT (intersubject correlation analy-
sis) y DFERD Lerner 5D I ko THEI N T WD
(Fig. 5) o Z OfBRE EBAMENT & 1%, B RArInYTE O
ZALDRL DOIRFREIZE T LT ED & WIEEIZIRE
L7z aERTIEE L LT, MRI{E5 ORHEAIZE O FEE
% 10 NEEOWEREM TR TFHETH 2, ZOFRT
X, S OBFAICIZ, HEE X B Ll o

T RISAOIAFES

PS-AS

1343

(B) &N (PS)

(F) BRHEFICHI DESEILE
L.F3op/F3t
*

Bl *

>51

2.0

21 EWEBRECE» T, Sy Y B ToT, &
YRR DEMTH 5 WA L BEEDOBE TIE, SN
W5 2 LHEABIO ATEE L7z (Fig. 5 A DFRWES
53) 0 & HICRBEE DA T, W 2R3 1H
WMAEEE D o HIEZEA EHA L, BIUEEEIC B R M
Bnia sz (Fig. 5 A OREFTOED) . —H, FEHRL
% LI HERR T, SBT3 ]
B &2 &OREED S HIEE I TOERICE ST
w7z (Fig.5B, C)o

AERICBWTIE, 222255 (spatial receptive
field) 23—XBLELEFH & JREEEFIC T THR L T
L Ew I, HIROME L FEERAENF S LT b, Ler-
ner 5 DREHIEROFRIE, HEFEESOY 7Y v I
FINEL 22 12t> T, ZhINET 28BS X D EX
DEEHFANLIKRT 2L R2RBT 5, BREESOY
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7)) v ZREIC T 5 K HEEF O KB EEIRE (response
selectivity) %, Lerner 5 13ZZ[)7s 258 & OEHE,
5 THFHERY 723250 (temporal
TRW), EFFATWS, Zhidde< & bMEEEC BT
BT MRS D 1 > Th AR H D, Hk
W,

ZNTIE, REEEDOEH 2 2O TRW 720 CTHHT =

receptive window -

271255 ? Lerner & DREFHRKTIX, > 7Y > 7
Re O FE > T, SGEMTPFIRC L 2 TSC0LE
DEMMNEE S5 Z ENTFHESh, TRW ORFel: & 5
T5IENNEETH D, FEBE, 1% oSG LHTEHZED
HENIEMBL CTH - 72 DT, SHENHENIC L 2 AFerE b
BWETER L, Sobhbhid, HEE LRI T
Hwy v 7)) v JRERTHE U 2 GENE R & LT, B
FOBEE D O @EEA~DERZ W - TRNS TR/
NIz ) ZFENTEY, A THEEEPZENOE T2 2
ERIELTWB2, LTeh > T, BB £ piiEsE
DIGENSEBRIT 072 2 FHE R O w82 %2 Bk L
TV hZHLMCT S I LR, SHOBEELHIeHE
7ZEWwZz LI,

VI. SEORE

SOEFEOFH A ICEE S 2 BIE O BEERTI B & UVFEER
HITTEIE, % OROLIY R BER 2 o S RERIESR 5 © J3 i
TORBENLHEAD DD B, FHIT, S5 ICHRIINEE
AT 2 EREZ Db O EFES 2 & 5 2

Fig. 5 REE -#HERBRRCHT 3 BIEEDWHKERE
48RS
A TERCYIRE 28R U T 5t I B O FRF[E Y
ZEENC S 2 ERE MR 2 2 7 —~ v TR T,
BRI e LT, HEECHRY1#, ), (81,
i), Big 38 %, Rw) Z L wEF RO Z 72
bOBENZTNWHWO NI, HFEZ Ll Uz 72
S TITETRILE 217 5 [JISHZEIC O AMHBE Y 4 5 1
50, ROVXETI, FiEZECLHERA NS,
B fRAEHIC SR 2 RN U Je S, WiBRE AR
%R d, BB, #480Ew), 12 % (FiE),
368 (Rv) HACIEF 22 72 b onzhz
ARSI, ZOEEIZETHEEICHEN A 5 1Lx
Vo C 1A, BOWT THELMHBN B - 72807 % 3
BT T, BB A e & OFE A B 12 il
L7zMBE A 5 iz,
Lerner Y, Honey CJ, Silbert LJ, Hasson U: Topo-
graphic mapping a hierarchy of temporal recep-
tive windows using a narrated story. J Neurosci
31: 2906-2915, 2011 % h% L CTHEE

I, R, FEEAEZ &% 5 2 88 & SOk &
DIERORLVED 2SI LT LEND 5, I
D FE R B T 2 IEE ORI 2 &, B2 EER
WMEED Y AT A%ET VLT 5 FH (dynamic causal
modeling 7% £) b BIFEHHEA TV 5 5320, BEEERY 72 FHEE
DHPSDETVLIZINHETDH %, L VBHENZET NV
KPR E ¥ 27201213, MHERHEES 2N FHETDH
ZYLET >V ViEi{&RE (diffusion tensor imaging) 7% &
THoh 2 5EEED REREE? 27 VICHAAR
T BERD 5,

S SIGEETIE, BER E1CAH SN B HAZE 2GS
MOBAMENEHEN T WS, FEEHESIZ, FB2SED
SCEFRRE S T 2 BRVE A T RIEER O BT O &2 A
ZWHBET 2 2 RHLYD, BE1FETH-> T HHGEE
DEFEVTTD XS ICEHMEIMHANZEL DS D DIZDONWT
1%, ZETHISEEIOEEHHEO A L BOHBE 2R3 2
ERELN, 20X RSB OE LR FELTE
DMEFE L Gb¥ THITT 2 2 L1d, SREOMEIEICEW
TEBRETEITHEEICRDLTHS I,
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