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F1E &=
11 BOERLEH
1.1.1 BOERLEBRYEE

TIIE, HaRER, SF 0 EOREEREDO T T BEET D, Bz, e 8 imemELE-
LE, TNTNOEBTRILEHESOFTZHEL T T, HAIZTNTNOEBOTEHE 5 T5Z L
MTED. T, BERPETLIED, TLENUVRAEOEDEE, ThbbEAZAL TS TH
L. ZOLEEAE, BRILIFAED, SOREEHEICL > TRESL TS EEbhTns.
2N, AR CHE LIS 2 RHEEEMT 25 &, HE L EOREENRS 720 T, ZOEOMHE
b EENTND [1]. 29 LIoEOEEEHEET, RUEE2EELZELTYH, BT LIc®]/ioT
B0, BENICE, SENTOEHEEOLENERS>TWD [1]. —FH T, [A U THEE LT O
BREEIL, TORBEENER>TOTHEBL TS [2. 29 L2 &nb, Bl W\Wo = E 0BT,
B OEEERENDRESNTND LN 5.

1.1.2 B OYER, LEMENLGHEE
1.1.2.1 ZEMF0HAHE

FOAERET D H OB EEMEEL, FEOFEOEERE, ZOBEOHNLERIND. —HT, #
HOJEHEEOE THEINLDE S, MRS OREEMEE, 200 EEERS. fI2IX, 2 DOEHK
BOETHRIND ZEMEICE, K<EBIEL, SYRVERESELIMERNH S, AEIXHE,
BHEIAHIE LFHENTEY, ZROOEROENEZRETHD1E, 2 FORBEELTHDL LN, W
B, DHEEICTHANSNTE . BlxE, 220 Hz O & 330 Hz OF OE AL, 2:3 & Bilizedk
B CRITZENTE, WML THZ 2%, —J T, 220 Hz D% & 247.5 Hz OF OJEREILIT 8:9 &,
R B R, RN Z 25 [315]. 20X oI, KT oML, Hiag it
TEREDL HFEMFEFEEWHMT 52 81F, H<nombn Ty, SEERBRAIE LRl bt I n
TWa. FEBIC, BMIZH > THOBES BT & RS <, #HBRE ST 2 mfnitk<e, s
ORIPEN R D HG, LEYHERTHRANLNTWD [6],[7. 2O b, W& A g,
R EEAE B DOENWRD.

R OJEREE S, ZHFME OEEEEEIC S 2 2L, EFICEETHD. FlxE, 220 Hz O
HEBOHz OFLXRIFICHE LG EE R L. _HOREEMENERD &, 660 Hz, 1,320 Hz &\
o, W ONDEER—BT 5720, ZoEMER, P LEEREEEERT (K 1-1 (a){). —
J7C, 220 Hz D & 247.5 Hz OF & FRHIEE LT25A, WE O S OIEE A LIL, EFITEL 250,
—BUI LWz, 2O ZFMFEIL, §iE O ZFMEILAT, A2 ERE0EE 2R (™ 1-1 (a)ii).
O X REAEEMEEOEND, BnE, FHFE & VW ols, “EHEMTEOBEEOEWERE LTV,

WEIIZIE, ZEMEOREEREENOCBEIND IR VICE-T, ZEMFOHMER, ZhET
HESTONTE . 92 01E, FEENEWN 2 SO ELR 2GR LB Ic R AE L, AR LRI,
2 DO FEEE O L E R O IEFLE A RIGAT L7z b DI d. ZORBEFAOKSN S 720 THY, K
P AR AESED [3]-[5]. BNIZET T AT ER SRS 2B\ TlE, HERE OJE L (220 Hz, 247.5
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Hz) 7217 T2, 2WIEENPDL D O RO BNEAET D (K 1-1 (a)(ii)). 2O Ll &b, —EMED
i FntE A B EANCFHET 272D DIE L LT, MlE & X OMBENBESED IRV DRI —=b, R
WFENRE STV D [8].

—5T, LEHRICS, b R SEMEORREEEDEN XN TE D Z LA, ZIVE TSR
HAILTEY, B ML, ZEMEDOIRYOBSEZMEL TNDLEBEZLNTET [4],[9]. LnLenb,
T, ZNENOHEKE %2, EAOEN LRI 2 IZHR LICHEE, Mk E ZREHMICT 6 LTz
L725aTh, il LRI EMEORBMMEL XA TE 2 FRHE STV D [6],[10]. ZiiE, HIr
MOANSNDEZDLDIZH RO NEFENLRWEE TS, “EMEOBMMERXHITE 52 L e Bk
LTWA., 2oL e, MR s Wo i, BRRORMIZT T, PHRMRRD
FEE O AT DB DI WRAER, —HFRMEOWFED XN > TV 5 aTREMEA E .

1.1.22 =ZFMEDRAMH

3 ODEEEOE TR SN D ZFfE OFEEREL, —5MEL0 b bICEMICRY, B8
WARAESED, ZHEMEO—WIL, i, 8L Vol LIRS EDAENM LN TS, fil 21T,
RS DA K28 4:5:6 (e.g. 220 Hz, 293.3 Hz, 330 Hz), 10:12:15 (e.g. 220 Hz, 264 Hz, 330 Hz) ®
=EMEX, FhEh, B, EEARE L MEEN S, BIICBWTINLOMEE, —FEWOHER
FTOEES (IRE) #FEF L T2, ERILIIEROESESTE (BEE, BEW) ofF—, $=, Fhy
IZE o THERR STV D (X 1-1 (b)) 728, EiHE & W o7z, BREOFTIMED b OB MEE % i b
KM LTS ESNTWD. Fie, BHMOBIOR =& mEs, Moo =g i3k
RWEFHRTHIEN, DEYHERICLIVFALNATEY [11], E=FE, B=fEEEnsn, E=m
ERER E Vo T fFBME L B FE ROV TNEHEEEZEZ NS, 295 L7l b, =M, A =fF
SOFEE, F ORGSR T 2 WERR BT TR, HEINRER LA L TS EWNRD.
SHEMEOFMEERTIAREEE LT, B4 )T A BEESNATND [8]. AU, JEEEDMEN
2%@%&3,Eﬁﬁﬁ%w2%®%ﬁmﬁ:ow(*ﬂmbt%%ﬁké.ﬁﬁ,%&%®%ﬁ%%ﬁ
THIET, BT 4N, EEME, BEMEaBilE FRRICOBETE D 2 ERRENTND [8]. L
2L, “BRMEFICEENDBEROEN, ﬁﬁ%%%@gﬂ%$@®ﬂﬁowfﬁ,*E+ﬁﬁ%@%ﬂ
BEHRST o TWeW. AR L7z X518, ZEFMEOHFMEL, FIENBESED IRV OBSL,
T ORI EAEE OFFVE & Vo 7o, HER RIS OB ST, LEENICLRIES TN D,

ZOHOLTEZEND, RMFZETIE, ZFMEORMMEE, —EFEMRFICEAT, WENRMEE XY HIEFENCR
DOEENRNEE Z, ZFMEIL, EME EREBRICEO-EIKE /T 50, FrCIEEIN 228 % i <
FLTWSHEEZT-.

1.1.3 MBEPLERBOERICOVTOMERE
1.1.3.1 SHEOMEM LS
REV L EROERUICIBNTIL, 1 A7 ¥ —7 OHFAN HEOMH LI BEOFH OMAGHOEZ, HIERO
REPCHBICH WD, ZOBOHEIN-E %, FIEH 2 WVIEREIEICTE 72 0%, HHEMES. BIET
6



L, TO0ENPEENDLI LEERES, SOOENGZENDL AEERNRENTH L. EEEHOMIE LT,
PEPEEROREMH (major) °, HEM (minor) 2362 (X 1-2 (a). Fiz, AEEHEDOLIL, REETHE
T s [12](1 1-2 (b)).

IO OEML, ZVOMEERNAELZARMEEH Db o0, EAMITIE, EhEhoski
WT, MBIESNTZbDTHD. LLRES, BEFETLIEBOIZLALIZBNT, ERICEEND
2T 2 FOMAEDLED, EFICHES BT L2 L0, WHEBREECRINATWDS [12. 29 LKk
ZEmh, ENENOLEIZIBNT, KBTS E OMAE DTN RBRAIC BRI S - R,
BT 2 EE BRSO EERAHL SN EEZ LTS [12].

1132 E FOHRFLER T

F72, B ROFEFER, EEORFO—D>THDH L) FRELINTND. B MRHEIEL TWVLEEDO
21X, FOEIERTEREEI (=) ORGP EBEZLEENTEY, EREEERO 45 (F=21)
DT bEEEND. LL, THUHITMAT, EARBEEEICK L T2:3 (F=1.5Xf) °3:4(f=1.33X
fo), 45(F=125Xfy) 7 EDEEEILE by, Thbh, ERICEENDJEBEEOM T b, FFERAMIC
2L GENTVD [13](M1-2(c)). TH L2 Enb, b O OERERED, HHEOMERICH L
527NN H D EEZLNTWD, Fi2, B FORFICRIZIEZ L EFN TV D ERER X, B+
DIEARTA P Ix & ORI, B P LT D. 2 L2 b, b hORHEO g

HREOMAEDOPHEICEEL 52 TNDZ LRI TS [13].

1.1.33 BEMLGHF LT
EHIZ, b FOFEFEOREEEMEED, JED b OEEIR B LT H L 5 2 T E 7oAk
b, ELSRBE LI Lol IEOEBIZ M) HA 12T, RIS OREEIE ORI % < & En,
— 5T, LIPS EWoTz, ADEEZMED FEHFITIT, ERICRA OREELL ORI R L EEN
TV [14]. ZOZ b, b FORFOFEEEMED S b, HEliz £ T FEED, RFHEME W
ST IR E 5 X T D AREENRE W EBZ LN TV D.

1.2 BOEREFEIICEHLLIHETH
ATEIC R L2 X 918, ZEMEOBAMES = FE OFE L WV o 7B OB, —FME Ok L v
STFBNRERE L, b FOFEEO RS L OMICITILBERA H D [12]-{14]. 2D &b, T
FORF VAT L LRI, EEICER SN CEMOBECHRIEEICE VN TH, ZhbOFDH
e, FOBHNREENARAIN TV DOTIHRWNEE X, 512, FTOFEizZ I 5k
EEI S, ZHFMEOEKAE KRBT 2MRIEB 2 ik $ 2 2 & T, ZFMEOEKE RIS DM RIET) O
9H, R, FERREOBBN B AE KRBT DR ERLFETE 20 TRV EE XTI

1.21 BEOERDLEHMIZ &L > THIEIT HIMDERAL
I OEIESe, TEEM72 BRI T 2 IO [ AVERSRE 2 SR D 72012, BERENIRERG S SN i s
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Figure 1-1. Qualia of sounds.
(a) Harmonic sound structures of (i) a consonance and (ii) a dissonance. (b) Examples of (i) major scale and

major triad, and (ii) minor scale and minor triad.
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Figure 1-2. Scales and the spectrum of human speech sounds.

(a) Two examples of heptatonic scales. (i) major scale, (ii) minor scale. (b) Three examples of pentatonic scales.
(1) major scale, (i1) minor scale, (iii) suspended pentatonic scale. (c) The normalized spectrum of human speech
sounds. The majority of the musical intervals of the chromatic scale correspond to the mean amplitude peaks in the
normalized spectrum of human speech sounds, shown here over a single octave. The names of the musical intervals
and the frequency ratios corresponding to each peak are indicated. Figure (c) is published in reference [13] (Figure

5A)



(functional magnetic resonance imaging; fMRI) % T, Fiig O FpE-Caf M (2 B 3o B 15 &2 LR34~ B i D
EERAFHSNONTE. MAT, FEOIHFEZFHIET MBI L CTHRIES 2 MO EE & DO ik 470
NTEZ. FIZE, BESAmBE, BEENE 5 MUBERIOE), TRIEER], FEIENE S
Wo T, RIMEEO 2 LS5 [15]. £/, EFHOETRIL, WL, EaigER], A2 PNAlpTEEE],
ATHPIRECE, MEEEER], AR &2 TR (L &, ERRoERE, BEAE, AWNRIATEER], RTEEpTRE,
WESEEE, Rk &, RIMECER, KI5k, KRMEEEOEEOHEE 215k &5 [16]-[18].
AR EE, RTHRATE L, TEBRRIC )T U CRBitEm < IS T 28 CTh 0, MHHEREIL, FRES
R IR UCHRAICIRIE T D [191-27]. F£72, &K, EOFENI S LTS L [20], [25], [28]-[33],
REHRIE, AN L CTIET2 2 EBnmon T [28],[34]-[38]. 29 L=z &b, ditkolE
B 22 BRI D AL E, BRI, IHENCBAMRT 2 KIGUB ALK EIER TIThbilTnd. —
FC, W, Ao LTh, B, BT LT, KMEE ORI EIZF Y 3 5507
BIRIE L TW2Z &b, BOEERP, FE2ERITS T 2B WAL, BEEIZEWNTHITONT
WD EBZLITND [15]18]. & BT, fFENliZ & 2FIoxf LT, BEE % 5 Te KIMEE A3 58 < BTG
THZEBRROLNTND., ZHL7eZ enb, EOMBEMEICRT 2EMAR S, WA IZHBWTTD
nTns EEz5n5 [19], [39], [40].

LD E OIS IL, & OREHAEE BT 2 2R ERLEIZHE L TV D EBX BTN,
Bl 21X, BERE AL U & 2R RO K HEEIL, FEBJRTENE (tonotopy) & H D2 LML ILTED,
AR, b L <IEEIT 25 ORI E (RF%)E 2L, characteristic frequency; CF) (Z)& U C, ZE[HRY)
WA LTS [411-[45]. 20 Z LiX, BEOEROIEOEMEN, FOREH THL ZLarT. F
7=, BEREIMEEHE A AT HREDNRB SN TWS. Bl21E, BEEO oM Tlx, CF72
3T <, CF LEHERIRICH 2 EEITKRT L Ch, PSR AR < VEEd 5 [46]-[50]. 2D Z
EDD, WERE, HDOWIEER AT MIMEEMEE AT 5 EERS D [461-[51]. £, BEREOM
PRI, FREEEEN 1 A7 # — T RRERRDHEHM E FFRICHE L TWD [51]. Z0Xo7%, FE
Wi & B 2 FENREAIE, HFnEIcxt LT, < OMRBEAZHA L OFEhs 5720, BEEICED
T, HFOREHIEEICRET 2RO AT > CTO D ATEEMEA RV, 29 L2 &b, Fig OJE ¥ EiE
OB, TbH, EOBEEIT, BEENOMRIEHICB W TREIN TV D ARENE W LB 2T

Fio, BERUEE, BRI, RO, ATEEATER, VR &\ o T, RIMEREESC KM R ICES L Tn
L7120, BEREORRISENN, SOEIMEEZ R L T D affetk b s En s [52]1-[62]. Bl IE, it
HIZR AT T & O 7o R 28 #2120, S HI% (conditioned stimulus; CS) O 35 1 5 A3 il B B0 IR
(medial geniculate body; MGB) 5 Rk ~MmE SN/ h, ez 0 L CRYWHITEN 25| i 2§ [63]-
[65]. — T, Rikikd, KIMESEECHlERZ N LC, TEREOMRIEEI 2RI 5 [66]-[68]. =95 L
o2 s, BEEOMKRIEED, FOBEMIZERE L WD AfREMEIZEV. UL, MR, MRS
A S MR O FHT 572, EEEOMRIEEIN 5, FHUFRE/RESARAET L ETIC 1-3 B

DR 23035, DX I, IMRI &V oz, KGMENMEVEHIITETIE, BOHEEP, 1FERY
IR ZRBL L TODMRTEE ORBELRET 5 2 LB TE RV, REDMEN =, ERD5E
TFENBE LR D.
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1.22 EOEROEEEIC T R EDFEHRRIG

WRE 0 fERE S LB By B W IER BEEH I ik & L T, MK (Electroencephalogram; EEG) <0 ik i
(magnetencephalography; MEG) 2325 541 5. EEG I&, Mf&IGENIC L > TRAET HEXUE 4, MEG I,
PRRIEENC K> TRAET MG LT 5720, MRIEBE)ORFE I ERRICH 2 BEBIET 5 Z L2 lie
Thod. ZHHOFNTETIE, BHEEHER LB 2R 2 INE 55 2 & T, Bintk
#E ms TH U D ERNRFERMISZMET 5 Z LB AETHD.

£, WEHOREE, EMSMENEWVEIITELE LT, #eT7 v 2 HVWEEGIN ST 5.
ZOFEE, RMEEOREIZT TR, 6 BEOKEDEREDENG, JRFTHESENM (local field
potential; LFP) <C{EENEN %2, ZQFEIFFHHIIT 5 Z ENARECTH 5 [41]-[45]. 7=, REEGHIL, EEG
& RIERIZ, RSB ORI RERIBIET 2 Z LN FRETH D, S HIT, TEEE O E R EffIE L~
LV DZE S FERE T, MRRIEEIZ Z RREREHIT 2 Z L b AETH D, 29 LIEFEEZHWT, JEMFER
AL (auditory evoked potential; AEP) (28l 5 FIERF I (P1, N1) RI AV v F X HT BT 4
(Mismatch Negativity; MMN) , {EE) /7 (single-unit activity, multi-unit activity; SUA, MUA) |2, & DB,
HEMEA RSN TODNE I DR ZNETICTHRILNATND.

1221 SRYYFRrATAET«

AV YFAXHT 4 BT 4 (Mismatch Negativity; MMN) %, FREIRNZERBIFRE/2 S OB X - C,
WEMEFE R FEAL (auditory evoked potential; AEP) (ZE U AREMEDWD L X TH D [69]-[72]. K72, TR DO MMN
1%, e L TR — ORI (R 2R LTV D & XIS, BT ENER Y, FAMROKN
FIPE GRBURRE) 1xh LT, FICHEREOHAET S [731{75]. £72, MMN I, EFSCERICEDLS
T, BESCTEE Vo, RBARISHERBATEER T OBEROZLIC L CHEMIZRAET D Z & n, F
DEALRe, EOEKOAT T OO, HEREEHE CHL LEZX LN TS [76]-78].

2O LIEMEZFIH LT, MMN 1%, BEOEKOZZRBIICXR TEDLNE 5 NEFRDIZDD,
MRIEBI O L LTHWSORTE 2, EEIZ, b MO, BRE b ARBME, B bE =
T~DZEIC L - T, MMN 2B%4T 5 2 & 7%, EEG X, MEG THALNTWD [79]-[81]. 612, #
BTHZH L MMN 2B%ETHZ LD, b FOBERERICIE, HEErming, EREEHE V-
TR A XS 2 72D O WALPREERE S, A/ D> TWD EEX BTV D [79], [80]. 7z, 1
S AWHFIEF~DOEAN K-> THRAET S MMN &, i OJEREEEIZ L > THET H MMN & T,
BEREN DR AN R D [76], [82]. ZDOZ &b, HFIENOLAHAFT~DOEIZL > TRAET D
MMN (X, 72 28E OFEROETIEe <, TOEEEEE, T2bbEEOELEZRIIL TS
EEBEZHLNTWD., L LR LTI T, BIE» S ARHINE, REMENSE =g ~D% b
IZX > THAET D MMN B EIZFHIIS N TE Y, DI Lo THRAET 2D MMN IZFHI S Tun7an.
ZOD, WHREEARHFE, b LI, EEMELE T TO, MMN X5 HRIZThh TE 6
7, MMN 2%, BOEKZ ED X HIZEKIL L TV LN LT o> TR,

I HIZ, MMN A, HOFENIIZRILL TWD0E 9, BILNIZIE RS TWhRu., F25 6 D Ell
DEAIZE->TH, MMNBFEAETDHZ LN, TFEFHISNTEZ [83]-[85]. & HIT, MM E LT

11



BRINDBEOHFEEORENFmNIELE, RIBOKEZ MMN 384T L52 L blEINTNDS [83]. L
DUZRIN G, B2 D IEEMMOF IR L THAE L2 MMN O REIZITORTE 57, it> T, MMN A HED
THENMlZ DB DERILL TNDNE I DT, HLNITHRS TR,

ARRO LY, MMN NEOIEHORI AR L TWDHZ LI LMNIIRS>TWAHN [83], — 5T,
MMN [ ZHE i 2 REL L TR0 TiERWnEE 272 B2, MMN OERD, FOEEM2 25 L
TWAMIRIEEN L D N2 ERBIT 5D, B O MMN OFEEHE, £ 100 - 300 ms THDH—F5 T,
FIZKT D ABP IZBWTC, FOFEMIARIL SN TS D1, i 1,000 ms LAEEORIRAS TH 5 &\
IWMENDD [86]. b L, WEEIZEWNT, EOHFEMIC OV TORFERLEL, FORRNH 1,000 ms
PLE#ZIZATOA TN D ET0UE, L0 IRFORV MMN (21E, FOHFEMHIEERT S LT
REPES VY. 51T, MMN 28, HEOFEMECIE7za<, BHEE AR L TV D AREER ST 55, MMN
i, L TIRARINDGED D, FAMBEORNEBANICK L CORFRAET L. BN O3 i
FPRENTE, MMN OIRIENKE <7252 &5, MMN (X, FHEIERTOFOREMEOR I 2
ﬁbfwékmbﬂfmémﬂ.it,i&%@%@wtwot,%%%@ﬁ%:%owk@%ﬁ#%
W6 L C, IRIEAS K & 72 MMN 34 L7722 E D, MMN UL, #BRE SRR IER L7 D%
AMEROBEIHLRIALTCND EEZLND [77]. —FH T, Tl L7=L 91, MMN &, &L%o E)
ORI BRI L TND [83]. TIH L7z &hd, AFETIE, HEOBHEEZREDTHEROHIE L
T, HIL, BRBOCTEINDITOREMEFORE, F AL, FLHEAEL TV DIEBIOMS 24545 &
L, MMN 2321 HZ2RB L TV 5D Al ﬁ%ﬁﬂbt H L, FFEOFT~DIEFEIZ L > T MMN OEREN
INEL R, —FT, FLEHLEOHEAIZE > T MMN ORIENKE < 200E, MMN L, FOBEEE %
%ﬁbfwéﬁ%@ﬁ%w.é%:,E@%@ﬁ%%oazﬁ?éMMNk,ﬁ@%@ﬁ%%o%ﬂﬁ
T°5 MMN [ZEWAEET UL, MMN 1, FOEEMliZ2 R L T2 etk iMEn &5z 7.

1.2.2.2 BRI PBRRIG & EBELL

NG & NS OMBIEEI A LR 272012, SBFEN (AEP) L\ o7, FITxd 2R 7 ffik
EEIRTARONTE 2. HI2IE, FRADBIEE ms %12, AEP (2B TE U 5 FERERE O IRIE X
g &T%ﬁafiﬁénm F7z, AEP B, ZEMBEOI RV EZRBLTNDHI LN, B e
EHOWZEBRTHRLN TS [88]. 29 L-Z &nbd, BREOMBMIERNMRIGTENL, FOEKEE
BLLTW D AREMER @Y. F7z, BHORBEMEIE, TERIGSO®RICHEND, FHHRBOORBEM T ICEKE
ERNTVDZEBHESNTND [86]. LnLAans, EHREEEHICHT S, ZhbOMBIEEIEL
CTARBLINTNRW®, IBERNRMRISENN, =FMFOHES, HHNREEEZRIL TV nE
I DNIA B MNT A - TVORL.

72, BEREOBRERRARIEENL, B H 5 WIIEHRERET 2 EICt LCEST 5 2 L nmbh
TW5 [891-92]. —5 T, LERMEREERS> MRI FHAICTHW D T O 28, FEh &2 35563 il
Frgbei L, 2o 0 03B+ L, HEEW. 29 Ll &b, DIEWBLERRS IMRI FH O %17

e L BT B 7o ITiE, PN R RIEE) TIX e <, FRIBIC R U CIES L2t o, BERE O EH Y
AR\, ZF T OB, ZHFMEOFMARBL L TOAMRIEBIORMEL, HF0O
12



TRENMIN 2RI L TV DRI ORI R Z MR O LERH D LB AT

1.3 Zv MERBEICE T 50 EFBDZ SRR

DEESTEE 2 FHL L TV S MRIEE ORMEZ M 572012, R, ZEMIC+55 7250 fiF

Y, BEEZE O MMN X0, &R MEIEEN 2 3l 2 BN H D B R T, EDTZDIT, KWFFET
7 v MERE OMRIRE Z, BUNBERT LA TE ARG S, Ty FIEREIE, tb@ﬁ&gkﬂ
FRICEE RS EZ A L TRY, SKERFICHYT 2B LAT 52 00, WLEOELETT
ELTHEYITH D [411-45], [55), [56], [931-[102]. F£7=, T v MERERENS, EEERDEHEEL X
VOZEMIRRETT, FRREE) A L R RIRFEHIIT 2 EARCEZBR R B STV D [43],[44]. 295 L
722 LD, MMN ROEF MG E &, TR D2 S FRFEHIT 272012, 7y hEHAWS Z

XEYUTHDLEERT.

Fio, HEOHHNEZRET 2MRIGEIORHEELFET 2720120, THOFEMFIZE-T, &
FrE DB A EEG SELILERH D, T v MK 2 AR T OFIEL, BEICHIL S TEY,
FFEDFIC, FFEOHEIIZEAE SEDH I ENAEETH D [103], [104]. 295 L= &b, HEASEME
FHI MR LT T v N ORERE DD, #fIGEI % Z s FREEHIT 2 2 & T, FOFEli2 KRBT 2%
IEEOREEAFETX 5 LB 27, [, MMN X3 EOFEEMIZZE L THD00, HDHWE, FO
BEEZRIL TVDOMNICONTEH, R ENTED. 51, TEIERE, MMN O s[FRE
WERNDZ LT, 7y NBRFEOEEE, TEIL~LE, MRIGE L <AV TRBITE 20 E 9 O
LABETH D EE T,

131 Sy PEREICEITDIAIYF R AT« ET 4 DZ AR
MMN L, FEAEMROENFITH LT, & N EEG ([ZRBIT DA ENIL (AEP) (R ND, Bt
LEXTHD [69]-[72]. WILHEOEWET LIZ mf%,tk@MMN:W%?é@%%%®ffﬁ%&
LIVTEIZM, ;ﬁf&o@ MMN £ESC0Es (MMN-like response) & B R MMN 723, #REAIIC PR % FF
oﬁﬁ,%E#K@ofm@w[wme{uu.%®tb,$ﬁ%f@,if@@:,uT®40®ﬁ
B &2 MMN %, 7> MIEREE D 5% SRR 5 EBRA 2T 5.

1.3.1.1 MMN O &

FEFED MMN ZFAESHE L7201, & FAR—AGREE TN SRRV OND. 4 RAR—/LifE
1, TRTRHEROEWVEERER S, SRR ORWVIRBAIE D SR S, Zhbx2 —EOMBETRRT
LHHFZRTHSD. MMN (X, F FAR— VEREO BRI R T2 AEP IZHBWW T, FERRSDEZIZHE
NAHEEDODLETHD EERINTWVD. MMN OFEFEE, B FTIX 100 — 300 ms [112]-[114] T, W
HHFOEFHET LTI, & FEVHEL, 50-150ms T D [87], [105]-[108], [115]-[128]. —#xAIIZ
MDA XD/ LR BHITE, FREMOEBRENRL 0D 2005 [129], 7 v F MMN Ok, &4
ET N ETFREIND.
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1.3.1.2 MMN D& H 4%

e L CHER S 4L A TR xH - 2 0 RIS BN L, D RS DI E/NEL< 7D, bbb,
EARHETLZERMbNTWD. F FAR—AVBETIE, FEEAEARY RSN D720, ShifilEic
K92 RIEREROG DS, ARVERITIZ 6T 2 PR RS K D B RE <725 (stimulus-specific adaptation; SSA).
BRI O RHERIMEMT E, Fo, RAERT & OB OREEOENRRKREWVIELE, SSA 1TK
LB ENMBA TS [110], [130]. SSA D Z H W o 7-ME L, MMN & FHEFIZHELEL L TWA Z &
235, MMN 2%, SSA O—FETH D AMREMENHS. LavL, B hO MMN I, REECHE, iy, i
FBZFRBIATRE 7R, TOERKONT IV OELIZ L > THHEAETDH. 20X 9%, HEOEWNIEL-T
FAT S MMN 1L, SSA DA TIEFAN K22, B hd MMN (X SSA TiE/a <, FHicx+ 25
BRI EZ RS & S b T\ b [76]-[78].

LML S, BET /L0 MMN 73, B h® MMN & [RERICEDUR HPEZ © o028 9 o0 T,
SERITIZEA BT/ o TRV [131]. T4, 4 RAR— LR THAT S MMN 725, SSA IZ X 5km %
BT, bR P E R A 7m0 D = v b — L4t (5S4, many standards control) 23 EE &
Nz, ZORER, Vo a TS IS MMN BREOSO—E8I%, @B ER72 /o0 2 &G &
NTW5 [1091-111]. —5 T, 7 v Tk, BEOEROZEIZHT D MMN BREAET DD, T b
BERZE O MMN IE, B N MMN & [FEROEBUR HTEE S ORREMER & D [117]. 29 L7cZ &hn, K%
BRARCEHIIEND 7 v NIEEE O MMN 23, b b & RRRICEBRETEEZ o E 9 0hE, 2 hr—L
FEERWCHET 2 LE R H 5.

1.3.1.3 MMN D ZERE 2%

HHEICxT 5 B FOFERISS MMN 1L, FICHERENORETDHZ ENRMLNATND. Ll
MG, PEREROG E MMN T, BEEEN TORAER SRR 5 FNHE STV [76], [132]-[135]
EBRC R A OREREIC BT, PRSI — IR B 0 H 5432 7T, MMN I KB B 5
AL [107]. 295 L7722 &nb, RIFRETYH, 7 v MNMEEOFERIS (P1) & MMN BEREIC
JFHET B E 90 E, ZREDOEMPHRRR DML S METN, JATHIE & kT 5.

1.3.1.4 MMN ® NMDA 2 F{KIKEHE
MMN O FEMIZ2 38 ARSI 1, RTZITH B T2 > TURu. Loy L, MMN 23, NMDA (N-methyl-D-aspartic
acid) ZAEMEIFTH D Z L1, I BN TEY, EEIZ, NMDA ZF A% HEMIZHET 5 &, MMN
DR, BV 2 2L, b MPEWET L THES A STV D [106], [123], [127], [136].
—J7C, NMDA ZHAEDFIL, SSA [ZITHELH 2720 [110]. 295 L2 &b, KERRICTBW
TEHHAIEN D MMN 7%, NMDA ZZEKIEIFTH L0 E 9 0%, NMDA ZRKROLEA] (APS) #4512 X
STl 5.
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132 v FEREICHE T3 EENLHETEDZ R REFFEHA
1.3.2.1 BRI T 2 BEMNGHIZTE & EEN G HEEE

AEFFETIL, HOHMGL, & OBKE R T DRRITEORHEEZFFET 72012, 7 v MERE
D FEF L RILE) (steady-state activity) & 2 RFRIREEHHIT 5. UL 6, PR RO &SR T,
ZNETIS, EEFRERITH2MEENE LT, HHIEIE RE R OB 7 #RIEE) (onset activities) 23
FUIZTHR BT E2[90], [92]. Bl 21X, KRAKEE OBETREEFIC I T, S ARRARIE XA E O JEEo 5 £ D
TSR L CBERISIERT 2 Z E N 5N TWD [41]1-45]. £7-, HBEDOKEIZFHERTHHN, KM
BEOBPERIRRER NN B E B2 D52 L b MESN TS [86]. 29 L2 &b, ZHILETOWEE
TIE, B OFFRREREIIE A - 2E ms &, HERBYED o7, —F T, MRIEENE, BEbd 503
+ R T A FICR LTI AR LT LE D [89]-[92], [137]-[140]. {51l Z (XHFEAREE DTGB EENL D3 K AH
FEIE, BRER R ER I IEENIIEMT 5. —J7 T, TORHET ORI, BEREL D ITE
H OO, WPERZLTEENCIIT 253K LD ARV [137]-[140]. 2D X 5 et IEBE) ONEIN X, FFICHE
FECHEICEND. Hl21F, G OMBMIROIEEIEN L, TR RERICE BETH—FHT,
-+ ms DI CTIZABICED 5 [89]1-[92]. 2 9 LizZ &b, IBIEMZRARIEEN O O E & 2tk
EENCR W T, FHEMOEIL, FEACEBINTIRD 7. ok, EEMEzRIT S, Bk
B O EF RIS B O R RN, B DM STV,

L L7 s, BEEE OEFBLMIEENC S, HFHRABRBHIN TV D AERER S 5. BRI,
FORRT G, EEEMEZRESE TS [137]-140]. Z 9 L7oRIEES, T, $EZREHE LT,
TERE 4 JBImEES NS R, [REEAL 234 S DBIELL FOMBHEENC R S LTV S AR &
5. EBREF, BEEEOESHRMRIEE S, BEHEREEIL TV DL AREERHRE SN TND. filx
X, BEREOR S 2 A ORKBEE O RS, FRrOAE, &L ITEOHEEIEHREE
BT 52 ENREINTVD [89], [141]. £7z, BRERE WoloFOFEMEAS, EHF 72 BB I
BT, 0ol Wols, FFEOEEHARIROIBES, ab—L U RCEBEHZ 5 L bl S
TUWD [142]-[144]. L7=3o> T, BEREOEFHILARRIEENC S, JHREEE & W o o BRI RE
SNTWDATREMEIEH3Icd b & B & T

1.3.2.2 #HfETEEN D HIHGRE & (I8 R
AWFZETIE, BHIHERERIT 2 EFMBEEI ORISR L LT, RTESEN (local field potential;
LFP) OHFGRE & AR Lz, LFP L, FHALSJEL ORI ~AT S D, BEME, e
L ABAL (excitatory/inhibitory postsynaptic potential; EPSP, IPSP) % Bt T\ % [145]-[152]. Zi b
D F T ZEALOKFNDS, FREHILOIEKEN 22 D &, TEIEMAFAEL, IROMABHIE~, ik
EEZARET 5. B2, BRI RERICIE, SUROEE ORI OBEE 4 J~, EPSP 23]
LTCADNEND TS, WENRFEREN (AEP) PEHUI S 5. [FIKFZ, MR 72 EPSP MEER'E 4 &
OMFRAML CTHAESE D, HEHEMOFHIISND. L LR s, SERARMRIEEI AL L% o,
EF WL ARIEENCIE, W L7z EPSP A AT SNZRWZ8, K& 72 AEP X, £ < OIFEIEALIT A L

720N [89]-[92].
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L LR G, EHFBRAREEEIO LFP Z ORIl 52 & T, Ah&Ehb v T 7 AEMD
AT 2 2 L3 HRD. &I K LTy T T ABMB AT S ND DX, ORI
kLT T I ARER 2RO, ISEEMZRBE LD TH D, IHEEMOFKBEIL, ik
HIRE OFERECREEE IS UC, RRE DA B E R [153], [154]. Z D72, & 2 EMH» HEHII XD LFP,
T B BT ORI D v 7T AENM OKRFIE, BT OIS A 22T T b
PRI O, TEBYFENL DR KL DR E IR CAT SN D, 29 LicZ Lanh, BEREOE R K72 LFP
EEE ORI 3T 5 28T, BT DM EOEREB NI LN D EEZ T

EBRIZ, WMOEEOEE THal L2 FROAE 217 5 BT, Zh b OFEEFOMRIEED 5 6, FFED
HIRO B BFEH T 2 ERRE SN TND [155], [156]. BlzIE, FEEEIT> TV D & &, 1S
ERIME D Z N ENOFEIEN T 0 Bk D TREN TR 22 57210 T <, 2O OMHEEFHT 0 Ak OfAH[F
N ELENREINTND [157]. 25 LizZ &nh, BEEOEFHZ2MIEBIOMAFRIL, &5
OFFEMli 2 KB L TS AREMER H D .

1.3 23 MEE ALV, EEMNGHEEEN - O HEHT

FERENICE T 5, MRRISENOMFEFRI 22 72D, MUuNEmRT VA 2RV, MifiEEi %
RERFHINAEITH S, L, ZAFEKRGH L7 EE o, AAERE & Wo 7o F B EICER T 5
&, TOWRTHIIRIZe D720, FERERIT DFBEL NGRS 2 2 L I3mo THE L V.
DT, WRDRITTOFHEERY MR LT, SEERERRT DA 2T FIERRD b .

EIRITCDMRIEE) N Z — AN EENDEREZRRT DHDFIEL LT, BFEMNERE S TS, BEKL
HTH, BATFRICEB W T, AR — h X7 X —=< > (Support Vector Machine; SVM) °k 75 (k-nearest
neighbor method; KNN) % VT, @R R RIEEN O T KB 6, BRI O B EGERR] & R
MDABETH D Z L HE STV D [158]-[160].

AW TIE, EFWORARIEEN O EEROT a—F 4 7 2R A 572D, Whllgs e LT, sparse
logistic regression (SLR) [161], [162] (Z7EH L7z. SLR i%, automatic relevance determination (ARD) % >
T, BYRAT 4 v 7 [EliE A REPSICHRE L7 is CToh DH. ARD X, =2—F /LRy hU—7 D
DB TRIBESNTEFIET, AT MArDH L, FEAOFLENDROVESICrN D EAZERIZT S
& T, AN MAORTEEMEE EHLT D [163]. D72, SLR I, A7 MLVRERITT, 13,
FRBNC RS 0 D RS E N DB OGEIT, ATIRTEDRNCEMTE 5. 2 9 LIEMEIE, BEEE )
O MEFEANZ G L 72 REE O RN D, BFIEHME KB 2 Fr8E O H % HBEIRICHI T 5 72 O 12 Fr
WA ThHDHEEZD.

1.33 BOERKICHT 5T v FOFAIRES
AR TIE, 7 v MNEREOEFOZRMAHEEICIENT, ZEMFEORBIEC, =FME oMM+ %
B 2RI BORHMELZFETS. 7y MO EOEEREHEEZTE L~V TlBICTE 5 2 &%, 1T
AR CREIZ/RIR XL TV D03, BREE T OMRIEE) L~V T 60272 > TV [117]. 207k, K
FETIE, ZEMEOHMFMEICESEDL S, ZEMED S 720 OlF & Wo Tt EiE%E, 7 v MM TEIL
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Vb, HEEEN L L TRBITE 2008 ) DEHNDLERDH D, BRI, [TEHERT, fED 9
R0 DRGNS L DN T AV 2Ty FISERRTE 20 E D&~ %. & 512, MMN 2SE8EIHIC R 7 RE
BREOEEDOEIC L > THRAET DI LEFALT, 5720 DM L DEEOE(LA, MMN & RAE S
T E D, MR LZRFEREHIR TR,

1.4 AHROBEH

AWFZEDOBENE, ZEMEORMEDRFOEBIN R EEE RH L TV D, MRIGEEIORMEZRET 2
ZEThDH. ZOREDIZ, Ty MEREERGE LT, TOEKE, FTOEEMERILT 5 HRIEEIO
FEEZZTNENRE L, HiT 5. BERMICIE, LTO 4 50FIET, BHUZEKT D (K 1-3).

1. 7 v MEREIZBEITD, HRIEBOFMTFIELZEET 5.
O Ty MNERE?S, b REFROMEEZ LGOI AT Y FRXHIT 4 ET 4 2% ARG
D FBRREWES 5.
@ T v MNEREOEENRAARETEIICE T, FORMEEIERZ LH L T DG E 0 45
W%, MR ERCTRET .
2. FTOWHEELFMMEER L WD, MRGTEIOMMELZHET .
O T v MIEHBMEEM T 2L T, FFEOME L, EZITAOFEEHZES S5,
@ FKMHMTORNELTZT v MEREND, S Ay FIXAT 4 ET 1 & EHN L RIGE %2
2R EHAI L, EOBEE LIEENZ R L T D MRIEE ORI E L RET 5.
3. HOHBMARIL TS, MRISEIOREELRFET D.
O FEOWHFPEICRSBEOLLEKE LT, MEOHEKENBEIE S D 5720 OMg5IZEH
L, 7y "R ZINOLOBEEEITHL XA THINTEDNE S g, ITEIFERTHA~ S, *
7=, 7y RIS OBEEOENEZMRIEE) L)L TRAITE 258 5 %, MMN D%
[FIRFEHAI T~ 5.
@ ZEME L ZEME ST 2 E W LMRIEE) A LA FEREEHR L, ZF R ok &,
SEHEME OFIEE BTGB OfHUEL, ThENRET 5.
4. 2L 3ORERELBL, ZFMEOMIEN b OEER2ER AR L T 2 HRHEB ORI 2 /e

T5.

52 ITIE, MRIEBORETEOREEICONWT, F 3 T, TOHEEBMEZRIL TV SRS
DOFEEOMEIZONT, 5 4 L, FOEBERIL T MRIEEOFRMEOMIIZONT, £
NZIURT. FSETIE, F2EILH 4 ECHONERAEE L, =FE OMMENE 3 2 FEIN
IR A R L TV D MIRIEEN O RS EICOWT, BREIT.
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Step1 (chapter 2)
1. Construction of the MMN-recording system

> > > > D
Is rat MMN
N~ N~ N~ J\/ N~ the functional homolog

?
:" MMN of human MMN
é 2. Neural characteristics in steady-state activity

P eeeo-_continuous tone _________ band power  PLV

WL

~ ~
Onset activity Steady-state activity

Does the steady-state
activity represents
sound frequency?

Sparse logistic
regression (SLR)

Naive Sound exposure Sound saliency Emotional valence

% <1)) ) Sound rarity (ii) Emotional saliency
% decrease

Aversive conditioned

o . .
-~ decrease increase negative
0)=A\ L5 ’

Appetitive conditioned

*,)) /ﬂ ®»  decrease increase positive
1o
Recording MMN Does MMN or steady-state activity represents
and steady-state activity (i) sound saliency ? (ii) emotional valence of sound?
Step3 (chapter 4)
1. Behavioral and neural discretion of sound qualia
Behavioral discrimination Neural discrimination
4])) 4])) Can rats discriminate sound qualia
% categorical i (i) behaviorally and (ii) neurally?
weak beat vs. strong beat MMN

2. Neural representation of sound gualia
Two-tone chord Three-tone chord Does PLV represents

(i) consonance of two-tone chord?
(i) tonality of three-tone chord?

consonance dissonance /- major minor Step4 (chapter 5)
F’LV'U

How is the neural representation of
emotional qualia of sound?

Figure 1-3. Perspective of this study.
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F28H MEEBOFMFEDEE
21 XKEOH#M
AKEOBHWIE, 7y MEREIZBNT, FOFEIMHCEKEZ R L TO D MREEIOREEZHD
72O, MRITEI O FIEEEET 2 HETH L. BRI, F-1g, e MEeABEOMEEZ L SI R
~ v FRHAT 4 ©F 4 (Mismatch Negativity; MMN) OFHITFEZ ML T 5. 5 12, BREOEFR
MRRIEENC VT, FOREEE A2 REL L CWO A MRITEI ORI EL, HE 2 AW TRET 5.

22 Y MERBICBFTAIRAIYFRAT A ET 1 DL RREE
221 B
AKEOHMZ, 7> MNEREND, B M ERBROMWEZ S DIA~Y YT XA T 4 EF  (Mismatch

Negativity; MMN) % GHHl9 2 FEA ML T 2 Th H[164]. BRI, BUNEREMRT LA 2 HNT

FHIL7=Z v h® MMN 23, B h® MMN L[EEEOHEE Z 20 E 2 0%, LLFO 4 DOBLE SR

T5.

1. MMN X, # RAR—AREORBAFL (deviant) (2L > THER SN D, BEVEFHEENL (auditory evoked
potential; AEP) DFEPEDWD S X TH D [69]-[72]. MMN 1L, B HIC%4% AEP @, b <, K&
WEBPERRSY (P1) OERZIC, BIERY E LTHND. WILEEZ AW Z8E T VICE T 5 MMN OF
R L, BRI 0 50 - 150 ms A b2 <, b MIBIT 5 MMN OEFE (100 — 300 ms) XV &4
VN [87], [105]-[108], [115]-[128].

2. MMN &, &R HIEE RS, B 2 IEE OEN OB (stimulus specific adaptation; SSA) DT
IR T E RV [76]{78]. 2D &Ik, SSA L#iMRIHMEER SEES 272003 e — LV f it (B
Bl 514, many standards control; MSC) # i3 % Z & THERTZ 5 [109], [110], [131], [165].

3. MMN & Pl OZEfA0IE, BB ENIZRIET 528, 2 6 OZEMAMRITTERITIT—E L2 [76],
[107], [132]-[135].

4. MMN (%, NMDA (N-methyl-D-aspartic acid) S &KL HH, NMDA ZAEEKORERZ 5T 5
&, MMN OEIE 3/ &< 725 [106], [123], [127], [136] 73, SSA IZZ1L L72\v> [110].

222 Ak
1I8VED T 4 AKX —%T > b (8 — 10 HHn, K 210 —290 g) #FEBRICHW=Z. ZDHH6ILTIE, 7
v b MMN OB 2 FE L, 789 o 12 PETIX, MMN OZERI3A6 &, NMDA ZFEIR~OE %
R L 7=, Feds, ABFIECTRATL7-ERIL, &T R KFEER~=27 /L] ICHL T 7.

2221 EERBRROHE
2-1 12, ABEBROMEL =T, AHERRIL, 7 v MELEL THEL NIRRT O REER
(anesthesia system), LMA%IZ3% (heartbeat monitoring system), & RIFKIZxF 3 DB E OTEEY A2 I3 5 7=
D OB RIFFERF (stimulation system), RIEEIGHASR (recording system) 7> HHERL S 4% .
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recording system stimulation system

information of
sound frequency and intensity |PC for sound stimulation

PC for recording !
| information of sound onset
¢ H (trigger)
1
recording device H speaker < sound generator
1
1

A

<

microelectrode

AA

amplifier array

air breathed in

A

anesthesia apparatus

discharged

respirator

PC for heartbeat recording

heartbeat monitoring system anesthesia system

Figure 2-1. The electrophysiological experimental system.
The experimental system consist of four subsystems: (i) the anesthesia system to maintain the rat under
anesthesia; (ii) the heartbeat monitoring system to monitor the anesthetic level of the rat; (iii) the stimulation
system to present sound stimuli to the rat with the speaker; (iv) the recording system to obtain the neural activity

from the rat auditory cortex.
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2.2.2.2 BERBEOZEHFiT

T baeA Y 7T TRAFEE % TEA, 1-2%THEEF) L, SHEECEEICRE LT, AHEE
D —EH2RE L, BEEABHTH2FINE L7z, MRS W7oz L 5, ERPogE%
B <7z, FifE7T ha 'l (0.05 mgkg) #AEFAEK (0.5 ml) I[SREEKZ, FIRI#ZIC 1 AT,
ok FTEHLE., FINBEBKICE, BRAAMEBELT, Fvah Ay
(2-(diethylamino)-N-(2,6-dimethylphenyl)acetamide, 0.3 — 0.5 ml) % & FiE4&t L7z, & 512, AMEEOTHA,
B, MEEREL CTHEEREZ@EE L, EL2WVWE D ICABRIEKCHRiZZ L., IMOFREEZE <29
HEIZNZRTC, MERR A L2, £, ERSEARTEHICHAL, 7T—RAERE L. &b
\Z, BTEEO 7 L 7~ OLEZFIZER 1 mm QR ZFT, ZORIZEE 0.5 mm OHIC V7 v b &K
ICHET DR OICRIE L, BAEAITHEE L CREEEMmE Lz, FY 7y MIEHKRT, 2oREICI=
NAYEBREINT WD, £, ERTEE, AREEICHEREARAL T, Fifid, sigehsHH
DZ v FOLEZFHIILT, L~V 2 —EIlfko7o. FNERIC, AL TS THY, BEALZE
FEHDG DHITIRE L.

2223 WUNKREEBT LML D, BAEIGEMLDOZ AREFEHA

MUNRIEEMmT LA (K22 (a) 2T, 7 MEREERmENS, WMFHHEN (AEP) & 2% ik
FHHL7=. [FAEMIL, 7y FOMEORLAIZIHDOE THRETEDH L), NI FE2EBLELTELNT
BV, 7 MERESENCHRIEENZFHIITE 5 L9, 4.5 mm x 3.0 mm OFHAEFHNIZ 10 x 7 {HOFE
FEAELE S AU TW 5. BIROKRE XL 50 um U5 T, 1kHz, 0.1V ORI THIE LizA v B —X A
1 400kQ THHo 7=,

TREE, FRIEERRIE® (Wave Factory WF1973, WF1974, (8f) =X = 7[RIE#H 70 v ) %
WTERLL, 7 v FDEHEDS 10 cm B 72 A ¥ —% (10TH800, £ FEIREEMRASH) o iR LT,
ETOREEIL, 7 v NOLEENONE, BAERIZIE, AE—THENDS 10 cm, S 6 cm O)LEIZFR B
L7 1/4 A > F~A 7 (Briel & Kjar, 4939) & A7 ~T AT+ Z A (CF-5210, /NEFHIZS) CTHEREK
EiTo7z. TNENOREE ORE &1F, 20 pPa lZx4 57 2L L-L (dB SPL) CHlE L7-.

B L7277 v MEREOREIIWNEMT LA Z5%E L, AEP ZZ 8RIRFH L7 (22 (b)). ik
TEENE, ZEYIELS T 1,000 fFICHIE U721k, T H 7 4V HZ N0 K28 A (0.3 -500Hz) %2°F, 1kHz
DY 7N TR ECTEI L 72 (Cerebus Data Acquisition System, Cyberkinetics £1).

WIDIZ, 7V v 7 FZxHT 2R EMEZFRIL, £ OEMOMI DR E DN E 2 F5E Lz, 1 BRI
THREND 7 U v 7 FIRT 2338 EN A, 60 BINEFE L, FHREMOEMOMERIZ. 70 v
7 BAIxE UCHEREMP AT DO, BAE % O5RDN, i, fi N ERAY| OEMITH
BI 5 L5, REBMONEZIEST L LT, BRESENDOFMZEH L 7.

FE L LT, #igo h—r "= b FEZHW, HEOFHRMIX 100 ms (FDONH BV, SEH R
D Z Sms TOETe) & L, 700 ms ISR L7c. AL, A RAR—VERE TR L (1K 2-2 (¢)()).
F RAR— VT, BEREIRTRHEROLN IR D 2 SOMiE (MiE A, B) R L7z, 1 HHODE
BICIE, #iE A ZAEUERIY (standard stimuli; s, St.), ¥ B Z @MUK (deviant stimuli; d, Dv.) & L C,
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ZIEI90%, 10%DIERIERT, 7o X LARIAF TR L. 72720, @R O®%IIE, ©7, %
Wi A 3 [EIDL BEES L7z, BEYE A 540 [B], SRURITEZ 60 [RIFER L7-RER CRRlZ & T L, 2[HH
OFHHTIE, ARG &SRB A AN 2T, TRENOF KT DIERERE & S G & % aila) R
FHII U 72, ARBFFE T, HEOREEHIZ LD MMN O OENE TR 57280, 7 v FOREREE (1
— 50 kHz) SRS 28T Lz (F2-1, pairl—4). £72, TOENEEOZEN MMN OERE & SSA Dif
SIZRIFTHEELTAR D720, FEEEZENPNEE AT (£ 2-1, pair 1 -3) &, JEWEEE~T (&
2-1,pair4) HEBRICHWZ. FOREEEOZE (AF) 1%, K2-1 IR TENEND A E L BEOEEE (fa,
fo) ZRHWT, LD 2-1) TERL. 28, T 2 BEEEAT OIEFIE, 7y NZTEIZEE L.
AF = (s —fa) / (fis < )" e (2-1)

MMN O issE HYE 2T 2728, 6 lLD T v MIBWT, HEEHIESMF (many standards control; m,
MSC.) 12495 AEP & Z milmliatill L7z (X 2-2 (o)(i)). Z D= br— /L4 TiE, 10 FEEO BEHREL
NHEI2 D b= N—=R "EE, T X NRNERFT60 BT OfR Lz, FOREEIL, 4 RR— LS
GEND T OOEWEE (1,000, 1,260, 6,349, 8,000, 16,000, 40,317, 50,000 Hz) |2, 3 D DJEHE (3,175,
12,000, 27,000 Hz) Z Mz 7= 10 FEE L. Z07=®, BERIRSMEICE TS, TNEnoE O8RS
1310 %& 720, F PR IVFUEOBRBFM E —BT 5. Lo, & FR— KBTS, Hige L7zl
NS ORMLE, EEOISSMETITIEAE L2272, MMN Sl 2 >0 ThiiE, EEIMSE
RIZBWT, MMN [ZHS ¢ B RaMER I35 LW 2 E R PR E NS [109], [110], [131], [165].

2.2.2.4 NMDA 2B AKHEEZRIDIZS
MMN 78 NMDA ZERICEKFET 20 E 5 nEfH~<57-H, NMDA ZHEKDOEHITH S, APS
(D-(-)-2-amino-5-phosphonopentanoic acid) % #5- L 721 @ AEP # % s [FRFEHAI L 7=, £7°, Bifig 3 <Ig,
F AR — VIR RH O AEP 2 % RIAIREFHI L7z, 2%, RmEMmaEEERmOMEL, 100 uM
D AP5 ZHIRE T Ha—A T — K (1%, 10 g/l) ZHEEEFRmIZAT L, 15 3 FikiE L7z (% 58, n=06).
KHBEE (n=6) TIX, APS BNEENRNWT Ao —A T — & 1SR L7z, 7T hhn—2y— F&2fRrE
L7zDb, REEMZ R UALEICHKE LT, 4 FAR—/ VIR T O ABP % FR 2 milmlIF ] L7z,

223 #R
2.2.3.1 ;BB IRHEE

2-3 (a) (2, A NAR—/VERE & OIS TRHII S L7z, 40,317 Hz OFISXT %5 AEP O—f 278
9. A RAR—VERETIE, 40,317 Hz ®3F1E, 50,000 Hz D5 LHAGDOE TR RIS TS, TREND
WL, N ENOFHALA TRHI S 1172 AEP OIMBFEEIIEE A2 £ 4 2-3 (b) 1R & 51, BRI,
WL, =2 b — VRO T T, ERBERRERIC, BIEOFREEM P1) BEEL WD, —F
T, Pl OBICERNDBIEOD X, T7hbb MMN X, 4 FR—ABEORBE (Dv.) OHCTHHAE
, A RAR—LVBREORERER S (St) <2, BEOMMSED 2 b e —LUE (MSC) THEGEHIIE 20>
Tz, Zole, RIS, bLIEay hr— S0 8L LNBRBNEEFIVTY, FEROREMER
SR ST (X2-3 (). F7z, B2-3d) ICRT LI, @S EAEERL, F20%, RS &
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Block1 |l H

S -

Block2 [0 O

Figure 2-2. The microelectrode array and the test paradigm.
(a) The surface microelectrode array. (b) The installation picture of the microelectrode array. The microelectrode
array was made on a flexible polyimide substrate to conform to the curvature of cortical surface, with a grid of 10 x
7 recording sites within an area of 4.5 % 3.0 mm. Each recording site was 50 x 50 um, and the electrode impedance
was approximately 400 kQ under 1-kHz, 0.1-V sinusoidal waves. (c) (i) Oddball paradigm. Tones (A and B) used
for standard (s) and deviant (d) were alternated in Block 1 and Block 2. Deviant tones were randomly delivered
with an appearance probability of 10%. (ii)) Many standards control paradigm (MSC). Tones with 10 different
frequencies were presented randomly. Note that the appearance probability (10%) of each tone was identical to that

of the deviants in the oddball paradigm. Abbreviations: A, anterior; D, dorsal.
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Table 2-1. Sound frequency of tone pairs used in the experiments.

tone A: f; (Hz) tone B: fz (Hz) AF (small / large)
pair 1 1,000 1,260 0.232 (small)
pair 2 6,349 8,000 0.232 (small)
pair 3 40,317 50,000 0.216 (small)
pair 4 6,349 16,000 0.958 (large)

In the first and second blocks, standard and deviant tones were alternated in order to derive the MMN of either
tone A or tone B by subtracting the deviant-evoked response from the standard-evoked response. Hence, a total of 8
stimulus conditions were tested. The frequency difference ( AF = (f3— £4) / (f3 X f1)"*) is indicated in the rightmost

column, and categorized into either small or large condition.
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ay he—VRIGOMIZE, ELLLARICEND T

Pl CRRMER ) OIRIE % T 572012, TNENORENORKERZ ER&b Lz, £9°, 1EYE,
B, = b= VRIS ENERICOWT, BRIIE R 1-50 ms (281 DR ENMORKEZ, P1 O
g s L CEFHIAECERIL L (K23 (o). 72, HEHELIE BB ZE B\ -2 EAL, = b
12— VRS BRI EOG & 51N e 2253 AL D, ERER T 51— 150 ms (231 DK%, RIS O
Wig s LT, iR CEREL L. 64 SOFHALE TERIL L7 Pl, RIS OWIED, 23RO
RKfEZ, Pl EEMERD O, BERENORKIEIEE Lz, X2-4(a) 12, P1 EEMERD O, RKEE (OF
VI + BEERE) 2777 (n=6(7 v M) x 8 (&), P1 OIRIEIIEMSUS T b RE LS, KIZ=
Y= VRO RE L, BERIS TR /NS o7 (Wil t #2E, Bonferroni ffiiE, p<0.001). F7c,
Pl Oy, BARBYITIE, SRR A%, Pl ORISR KIZZ2 - T2 REZNE, FEMERUS T 25.0 £ 6.3 ms,
PP T 22.7+45ms, T2 b — /LS TIE22.7+4.1 ms ThHolz. HEUEREO P1 OEFRRL, i
Jink Ay b a— VGO PR THEICE > 7= (Al t €, Bonferroni ffilE, p<0.05). ZiLHD
FERIL, P1ICRITD SSA ZoRd.

— 5T, BEMERS OEEIE, SIS RN E DS TY, BPISE 2 ha— VG & D7
DT, ABEREVITE)N-7- (K24 @), MeOHD HRIE, p>0.1). Z ORI, AFEERA TS
A7 MMN 78 SSA TIFFHI TE RN Z L 2 d . UUBROMRHT CTIX, 1RHESIED B mILS & 5l T2 7E57
BALD, BRI R 51— 150 ms (231 D RME (1% 2-3 (e)(i)) %, MMN OfRIFE L TE=RM L. 7
¥, MMN ORI, 81.6+28.1ms Tho7-.

I HIZ, SSA ° MMN 2 EEEZE (AF) IS B EZZ T TWENE D nEil~7T-. SSA DR ZEK T+
& LT, SSAindices (SI) ZLL D3 (2-2) 22 HEHAE L7z [130].

SI=(Pl4—Ply)/(Pl4+Ply) e (2-2)

Z I T, Pl, PlglX, EhEt, RIS ERBUSSIZIIT 5 Pl OIRIEA T SSA AEVIEE, ¥
2oL, BWHED Pl AMERERIED PL L0 HKEWITE, SHIT 1ICES&, #lS, EAERIED Pl 23k
PSSO PL L0 B/ SV E | SIHE-11ZiE3<. K 2-4(b), () I, AWEEDO/NS 7250 (3 2-1, pair
1-3)&, JAWEEDORE 7250 (paird) (BT 2 SIOFEE, MMN OIRIE O 24, B EZED
KT BT, SIIX0 XV EEIZKE -7 (K24 (b), Wl t #E, p<0.001) Z &6, Pl T
SSA WHAEL TNl ENXgnd. Fiz, BRBZENRREWSEAETIE, SIH (WMl t#7E, p < 0.001),
MMN ORIES (p <0.05), BB ZEN/ NS WEEL D REDo7-. ZORERIE, SSA DRI & MMN O
IR, S & LTHOW D BEDOREBZEIKTEL TS Z & E2RT.

2232 EZMS M
22321 BERENDEFORE
B4 2-5 (@) 1, 7V v 7 HIZKTD AEP O—HlZmd. ZNENDOWIBIL, FFHlAICET 5, 60 [H
DY 7 FICKT DFHREMONBE WA ~T. 7V v 7 FHenblthtg 1-50ms (23605 5, #%
BEALORKEZ, Pl ORIEE LT, FitlRTERELZ. 61T, AFHUA O Pl OIREZ, 64 FH
RO RIRIE TIERE LT, ZEMamzRDd7z (K2-5 1), ().
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Figure 2-3. Pure-tone-evoked putative Mismatch Negativity (MMNp).
(a) Representative mapping of AEP. These responses were obtained from 40,317 Hz tones under indicated
conditions: St. (broken black) and Dv. (light gray), standard and deviant in the oddball paradigm; MSC. (dark gray),
many standards control. (b) AEPs from an indicated recording site (#48). The mean and s.d. are given. (c)
Difference wave between deviant AEP and standard AEP was calculated as the subtraction of deviant AEP from
standard AEP (black). Difference wave between deviant AEP and many-standards-control AEP was also shown for
comparison (gray). (d) Significance level under a null hypothesis that deviant AEPs (n = 60) are larger than
standard AEPs (rn = 540, black) or many-standards-control AEPs (n = 60, gray) at a given post-stimulus latency
time (one-sided t-test with Bonferroni correction for 200 comparisons). The ordinate indicates logl0O of the
significance level. Broken line indicates p = 0.05. The time course of stimulus presentation is indicated at the
bottom of the inset. (¢) Definition of the amplitude of P1, MMN and the negative deflection. Abbreviations: A,

anterior; D, dorsal.
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Figure 2-4. Amplitude of AEP components in oddball and many-standards-control paradigms.

(a) P1 and negative deflection that follows are quantified in indicated conditions: St. and Dv., standard and deviant
in the oddball paradigm; MSC., many standards control; St. — Dv., subtraction of deviant AEP from standard AEP
(MMNp); MSC. — Dv., subtraction of deviant AEP from many-standards-control AEP. The mean and standard
deviation are given (n = 6 (animal) x 8 (stimulus condition)). Daggers indicate statistical significance: 17, p <
0.001 (two-sided two-sample t-test with Bonferroni correction for 3 comparisons). (b) SI depending on AF. An
asterisk and daggers indicate statistical significance: *, p < 0.001 (two-sided t-test); 711, p < 0.001 (two-sided
two-sample t-test) (c) MMN depending on AF. A dagger indicates statistical significance: T, p < 0.05 (two-sided
two-sample t-test)
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27Uy 7 EIIKT D PL OZEMSAN G, FeHlEEZ, WEE O a7 i, ~v Mk, TEECE S M
(core, belt, non-auditory region) D 3 DIZHFHT H7=8, HDOIZ, 7 U v 7 FITHT HEMBA%E, £T
D7 v b (n=12) TERGDOELIZOOENESEZ, LFOFIHETRDZ. £, 7V v 7 EHITHT S P
OIRIEN R DB RKEN 6 ROFHAS ZBTONH Lz (K 2-50) 12, +, *TRT). ZOMGHFLOY D, &b
A, b EROFHRE, BHERE L (K25 (b) &, *TRd). ZOEMENT, 7V v 7 ECHT
% Pl ORIELS K E W3 7RIS ISW T, JiF % AN D —IKIEREF (primary auditory cortex; Al)

RIS S BEAR~A S 2 RIS E (anterior auditory field; AAF) N ZT HMLE CThH 7o, =7 fElK
ZHRADELHMICE L TS, ZORERDPERDL LI, ETOT Y FTIZ YU v 71T 5%EH
S ERE LY.

FRADLEZEMOANG, &itlllaiz, BEEEO 2 768k, ~L Mk, BEREIMEE (core, belt,
non-auditory region) ® 3 DIZFA L7, 7T, Al & AAF ORI, ~L MEIIE, FICHEHE
W (ventral auditory field; VAF) DAL SIS, T v FOARERE TIX, VAFIX AL XV MDD,
AAF LV BB FINELTEY, 7V v 7 EITHT 2 Pl ORIIEE, a 7HEBOGFRRE W [44]. Zh
SO Lipb, £, 7V v 7 EICHT S Pl ORIEZ AN Ta 7EKEREL, RIS, 27 #EE VAF
EDONERBRAZFM LT, ~VL MEBZRE L. BAEMIZIE, £7, 7V v 27 HITKT 5 PL OIRIED
KEWV 25 HMOFHALSZ, a7 SICHE L. 25 HOFHIMEE S GRS O IR S1%, B X% 4.8 mm’
T%@,:ﬂﬁ%ﬁﬁ%f%N6ﬂTD5AlkMW@ﬁ%@A%(Lﬁmﬁ):ﬁ%?é[mﬂﬂ%]
[166]-[168]. ¥IZ, =T fE L D & EMDD, AN IET 2EHEEZ, 2TV MEkizaE Lz,
B2, EbolIZbaHI N o lcEH R Z, BEECESMIAE L2 (X 2-5 (b)).

2.2.3.2.2P1 & MMN O ZER 5

X 2-6 (a) 1%, (i) FEHELULD P1, (i) BBSED Pl, (iii) MMN OZEF5AH O —Fl%, TnEird.
TS DR, EOBENSIEIC, 6,349 Hz (3% 2-1, pair2), 6,349 Hz (pair 4), 40,317 Hz (pair 3) T
5. RIS THRBSS T, Pl OZERIAR T 2 7HEBICRMEL TV e, & 51T, 6,349 Hz OF (2%t
3% Pl OZEMAIL, a7 HEIRO% T O, 7805 Al 0% &, a7 EkOENON, T D AAF
OHENCE R ZF D, —J T, 40,317 Hz OFIZHT 2 P1 OZERIGARIL, 27 FIROFIFE A, 372
HH Al DRIJT & AAF SEIEOERNCE S 2> Tz, 2, PL2S, BERE OB BURERSE K AF
LTWA72), HEOFEEICIS U CTRRDEMAIMZR LI & &R d. —F, MMN %, Pl IZHA~RT
HERZE DJRWVEIFH HFA L TR Y, a7k T2 <, b MEE S HRAE L Tz, £72 MMN
DZEMIATITIE, B ORI K 2V E) > T,

Pl & MMN OZERGAICOWTERMIZIHA D720, 27, ~L MER & B ES M EIZI T 5, Pl
& MMN OFERNIREE 2 LL P ISR+ HECTRIB L. 79, %7 v b, SEEEEFEICE VT, P1, MMN
DEFRROEEE, 64 FOBBORERKRMETIER L. 20k, SHEKICE ENLFHED, EHL
SNTRIBEONVIEA RO T, ZNENOFEIENIEE & Lz, ¥ 2-6 (b) X, SO P1, BPLSSD
P1, MMN @, EHFEIRANREZ RS (n=12(7 » M) x 8 CRIMESE)). fEUERIS, SISO P1 %=
TR TR D RKE L, RNTUL MERA KR E <, BERZEANEK CldR b/ S0 -7 (Games-Howell £
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Figure 2-5. AEP map elicited by clicks.

(a) Representative mapping of AEP waveforms. AEP was measured simultaneously with 64 recording sites. Each
AEP waveform is approximately aligned in the spatial coordinates of the recording sites of the surface
microelectrode array. The grand averages of 60 recordings are shown. (b) Spatial distribution of the click-evoked
P1. The gray level at each grid corresponds to P1 amplitude measured at each electrode in the array. Recording sites
producing the top 10% of P1 amplitudes are denoted by the markings (‘+’ and ‘*’). In this activation focus, the
most anterior-dorsal site, indicated by the asterisk, is the positional reference used to pool data across animals. The
figure also shows the delineation of the test regions: core, belt and non-auditory regions. (¢) Contours of P1

distribution with cubic interpolation. Abbreviations: A, anterior; D, dorsal.
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(a) (i) Standard P1 (ii) Deviant P1 (i) MMN
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Figure 2-6. Spatial distribution of P1 and MMN.
(a) Spatial distributions of individual data: (i) P1 for standard stimuli; (ii) P1 for deviant stimuli; and (iii)) MMN.
These AEPs were obtained from 6,349-Hz pure tones paired with either 8,000 Hz tones or 16,000 Hz tones, and
40,317 Hz tones paired with 50,000 Hz tones. (b) Regional differences in response amplitudes among the core, belt,
and non-auditory regions. The mean and s.d. of region-specific amplitude are given (n = 12 (animal) x 8 (stimulus
condition)). Asterisks indicate statistical significance: *** p < 0.001 (Games-Howell test). Abbreviations: A,

anterior; D, dorsal.
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E, p<0.001). —F5 T, MMN X, BRENTRE, I 7HEE ~L NMEECILMEIZZN ) 7.
B ORERIE, P1 & MMN OZERISA X IICTERENICRIE L TWD R, WE OZEMOMmITER RS Z
L BRI,

2.2.3.3 NMDA 2 &KIKFHE

4 2-7 (a), (b) T, AP5 L4 D, FEUELIL & G OMNE LG O —F 279, P1ITAEHERUS
Th, #BSISTEHRAELTEBY, FHS, @EBISO PLITEERIGD P KD REho72. L,
BSOS DD P 5 &, bt MMN [ZHAEL7Rd o7, —FH T, APS 245 L T\ e REEIC
BWTIEL, MMN 2BHALT. ZOfRRIE, APS OFGIZE > T, MMN OIRIEXA/NS S Ro7c 2 & &R
7 (¥ 2-7 (¢)).

AP5 #5121, MMN OB KIEIEIEZ, 90.0£57.3 pV C, AIRNES TOFEHEERL 113.8 £29.5
ms Thoto. —HT, BEEOIRIE & FERE, 1784+ 1239V £ 97.7+£27.1ms THo7-. RIS, 12
YELIE D Pl OV KRG & & OWFREIL, BEGRET451.3 £224.6 uV & 20.1 £2.2 ms, *IPREET 371.0 +
1605V & 21.5+£37ms TH o=, F7=, BILILD Pl OV KRN & 2 OWFRHE, RE5HET671.7+
388.0 uV & 202 +4.0 ms, XIRRET 585.6+315.1 pV & 20.5£29ms ThHho7z. HERETYH, #EHTYH,
WBLEOGED PLIE, BEHELISO P X0 b ARICKE S (WAl t FRE, p < 0.001) , P1IZ351) 5 SSA I,
TMDA%EWZWﬁLTwﬁ#ot

APS H 512 LD MMN O &N, BERENOHEBFICK > TR0 E D NERD72H, APS 5
Fite T, aa7iEE, ~UL MEETO P1 & MMN OMEBNREZFH L2, K2-6 (b) &[FL X DI,
P1 & MMN O FHALS COIEIEZ, 1B E OFHINICEIT 5, 64 RORIBORKE CESE L. Z0k,
BRI E £ N D FHHE O EBYLIRIE DO IEEEZ KD T, ZNENDOMEBNRE L Lz, X 2-7 (d) 1X
BHRE, BT Tho, Fvy— MR To, BRSO P, @BSUEO P1, MMN @, )
IR 2R T (n=6 (7 v MO x 8 (RIESMT)). P1 OFIRNIEEEL, APS ORGIZL > TEI LR
Motz —J7, MMNIE, a7 s & ~L MEE O™ T T, APS #5854 TN IRE A B T2 > T
7z (Games-Howell 17, p<0.05). L2>L, AP5 540D MMN OEBNTREIZ-OWT, 227 f8lk & ~L
N RS O A B 7R 2213 D> > 72 (Games-Howell #27E, p > 0.1).

224 BREKREOHRIE
AHEITHE, A FR—VERERT O, M TOZ v MNEREOFHEHEEN (AEP) %, MUNREEMT L
A CLRFAREH L7z, ZOfER, BRI T 5B EMICBNT, BHEo s ENRFHIE L.
Z OBy, T H, v hO MMN 23, & O MMN & REBEOHEEZ L OFE2, LT 4 SO8]
R DHEFE L2, 12, MMN (%, 50— 150 ms D#ERFZ K-> AEP Of2Ak 7y & LT, Pl OEZICHN
7z, BAZ, MMN T Z A L TRy, HRLMREEOEN (SSA) DA TIEIHB TEeho
7o Fio, JATUFE L [FERIZ, PLIZISIT 5 SSA OIS &, MMN OIRIFIX, & & IZHIME O FEEIC
BKAF L TRE LS o7 [130]. H =1, MMN [ ZBEECEWNBRA L7203, P LR D 2Maf AR L
7o BAREOICIE, P1 AEICa T HEEBNOHAEL, BREREMEZ R L0k L, MMN (d= 7 ik
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Figure 2-7. Pharmacological effects of NMDA antagonist (AP5) on AEP.
(a) Representative mapping in an oddball paradigm of responses to 6,349 Hz and 8,000 Hz tones. These responses
were obtained from 8,000 Hz tones. (b) (i) Representative standard and deviant AEPs recorded at ch #11 after AP5
administration. The grand averages of standard (black) and deviant (gray) AEPs are shown. (ii) Significance level
under a null hypothesis that amplitudes of deviant AEPs are larger than those of standard AEPs at a given
post-stimulus latency (one-sided t-test with Bonferroni correction for 200 comparisons). (c) (i) Representative
AEPs and (ii) significance level in the control group. (d) Normalized amplitude of standard P1, deviant P1 and
MMN in pooled data. Response amplitudes were compared before and after the placing of the agarose gel. The
agarose contained AP5 in the test group, but not in the control group. The regional difference, i.e., between the core
and belt regions, was also investigated. The mean and standard deviation of the normalized amplitude are shown (n
= 6 (animal) x 8 (stimulus condition)). Asterisks indicate statistical significance: *, p < 0.05; **, p <0.01; *** p <
0.001 (Games-Howell test).
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EUL NEIR O TN B RA L, BEEREEE 2 R S 720072, BIUIC, NMDA Z AR ER|&R 5
12 K> T MMN 3B L7223, B A SSA B A T/ hoT-. 2O DORERIL, KFEBRZTEH
W =4727 v @ MMN 7%, EEG <X° MEG CTitll&#1 5, B D MMN & [FEROMHE 2> & &2/R7.

2.2.4.1 MMN &8s L 1B 1%

AMFFETEHI S 4172 MMN OFIREIE, 50 — 150 ms (X1 2-3) T, SEATAFRICH W CHALBE OB £ T v
TRl S 722 PED MMN <2, MMN KRS DOIERE & Ty~ 7= [120], [121]. —J5C, B hO MMN O#%
IKFIE, 100 — 300 ms 3% <, AR TEHHESN/ZT v FD MMN OFRF LD RV [112]-[114]. WHFLEA
DOEET VIZEITH MMN OFRfE, B LD EIHESNTNDZ ENZ W [87], [105]-[108],
[115]-[128] 25, T, WMORE INREWVIEZE, FREMIEHBNOBERNRLS RLZOLEEZZDL
NTW5 [129]. Lo T, RERARTIHHUEN/ZT v hO MMN &, & O MMN TERGES Z &
%, WE ORI ITEEE G2 RN EE 2D,

BEEDFATIIEIZIBNT, T D MMN L, iBREMOBMER Y & L CEHIlS T &7z [115]-[123],
[165]. — 5T, ABFFETIE, MRSy E LT MMN 23ISRz (K 2-3). 29 LomirEoiEung,
BRI & ) o T2 FHIISE OB VIC X > TE U ATEEER D . FlxIE, AIFFETIE, HEEHO T L
7NN, FEMEEMA RE L. — 5T, SATHFE O EHEEMIY, /NIMICERE STV D [169], [170].
F AR — VEEEOBBREIE, MEBIEM LS E2 2 ERME SN TEY [115], [118], HEULIRIZI
T, [OPOFEREMPFEEL TWDLAEEERH D, 2O, FATHZETIE, /PMRICEREERL R E
L7721z, FETEHIIE D MMN OfRPENZE L LI rTREMED B 5. EERIZ, & O MMN Tif, %
WEMZ, BODRBIEN A~ Z LT, MMN OMIEA WL L7266 & 5728 [115], [171], HEEBEM D
EWDS, MMN ORPEDO A E L T D AT H2ICH 5. S BIT, MFEOEW S, FFFREMIZK

SEETL. B, HMBMZ K- T, Pl OERHIEL< 25 [172]. £72, Pl OERZRIZHET DD
RS (N1) X, 1.25 %L LA Y 70T EEE T CIRERT 5 [172]. EBRIC, U V& a4l
L7 RATHFIED % < TiX, MMN BRAE LRS00, HDHW0IE, BED MMN 285 LT\ 5 [115],
[118],[119],[122]. — /' C, 7 = ¥ =/ (N-(1-(2-phenylethyl)-4-piperidinyl)-N-phenylpropanamide) & A7
k2 ((RS)-4-[1-(2,3-dimethylphenyl)ethyl]-3H-imidazole), A Y 7/ 7 > Lo 7= fkfrz G0FH, H2DH 0
VEEME R U7 B OWFFETIE, ABFEERIC L OIS, 7> FbEEMED MMN BRSO3 GHAl S vz
[121]. 29 L2 D, MMN OfBEOEVE, BRCHMEEE W o7z, FHIRGEOERWNZEI D LD T
& % ATREMED .

2.2.4.2 MMN D& H %

B RO MMN IF, RESCTE, MERE, RIS, EOBEEONT ) OEKICE > T
HRETD. ZOXH 7%, BEEOENIE > TIHAET S MMN (X, HEET 5 FRIEI T 2R IEE) O
1B (SSA) DHTITFHANHIEZRN =, B D MMN (T SSA TIH72 <, FHI 63 2 ik e %
Lol ENTEZ [76]1-78]). — T, BT5 /LD MMN 728, b h®D MMN & [FERIC, Gk E b
OMEIMICHONTIE, Bl ST 72 [131]. T4, MMN 225 SSA I X 282 PR L, it
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e ZFEHm 5, #7-7c=2 e —/L5Af} (many standards control) 23$EZR I, HEEDOWFILRITHI
7o, ZTOREER, HARxa TSNS MMN BRBUSDO—E8E, SSA THIZ@ T, @ikt 4
FRIZ 72D ATREMEN S STV D [109]-[111]. ARBFFETIE, SEATHHE L FERD =2 b r— L& b2 v
T, 7 v F MMN O ifs M2 1~ 7z.

AAFFED = > b — )Vt (K 2-2 (c)(ii) Tix, 10 FEO R 2 BEBOME %2, 720 % DIHRR
Liz. ZHOOEESIET v FOFFIRESRICKA TWD 72, MBI L A HRIEES OB IL+5312/h
I [111]. EOFRER, = he— AR TEHIIS N Pl OIRIEIX, 4 RAR— VIREOEER)ISD P1 O
RIEL D L RENoT2 (K24 (a). ZORERIT, =v b — L& HETIEA RAR—/LIRBEIZEE T SSA 28
S9E oo FEERT. —H T, MMN (L, & RAR— VDGRBS S DI BT Z & D, ARBFZE TR
S MMN 1%, SSAICE DD TIERWVWEEZD.

F7o, 2 b — L EHITBT RIS O RHERIL, 4 RAR— A REO SR O AR L [F T,
10% CTdH > 72h, MMN [T@EBES DA BRA LT (K 2-3, 2-4). ZOFERIE, MMN BZBAET 5720
(I, L ARERI A LB CH D Z L AT, TR, MMN L, FREORFMIIEIZISIT 5, HAEMR
ORI D OB LT, FFRIOICHEET D, @bt R->EEx 5.

7 v N OBERE TIE, BEO-EIROEITHT D MMN DN RAET D Z ENREINTWD [117]. =
Z L, 7y F®O MMN 2, b N MMN & REROGENE ML & OB EZ /R L TR YD, RUFFEOR R
TS ARFERZRT, MFD IR0 OHEEE o7, BIKOZEICKT D MMN 23FHE S i
?yk@MMNﬁﬁ%@m@%ﬁoﬂ%ﬁﬁ,é%mﬁﬁ:i%émé.:@:k:owfm,%4a
THEBREELEEITO

2.2.4.3 EERRDZEM 7 ERE

ABFFETIL, T v MEREIZBWTHIH T, MMN OZE/I550 2 1~ 72. AHFZE TR, /R mE
W87 LA OB 500 um 72235, ZOZEMIGIFRETIL, =7 fEE ~L hEikE, B—{E{KD AEP
DZERI DD DT DHEDN, OCHEETH D [44],[173]. ZDT=, ABFETIE, 7V v 7 HFICHT 585
BALOZEM DAY Lz BT, a7 ke v MEgE S LT (X 2-5). FH—IL, 7V v 7 Fioxt
T 5 Pl OIRMEIE, 27 FHRA A~V MEBOB L Z 25 TH D L Z2FIM LT, P1 OIRIED K E WEHALR
Z, a7 L [44]. 2O, AT THRE STV A a THEBOME (4 - 6 mmY) & EE
LC, 25MEOFHASE, 2 7% L7z [103], [104], [166]-[168]. Z OFHAAIZF Y 9~ 2% K& D
IR LT 48 mm® T, LITHFZETHRE SN TWD a 7O mRE & FJE L. 612, ARFZETiR
70y 7 BT DR ENNRAET D8RO, BT ENEROEERD, BT LA OS] & FBIC
BHTleD L HWCEMARE L. ZUCky, arfEkky b, BRIOEMT, 2T0 MERE L
THRET A ERARRIC 572, I THEIROSMNC S, Al, AAF, VAF DSNOFEBNGEET L2, 29
L83 ORI/ NS <, FHREBMA~OEEBII/NZ T2, R THWIZEE 0 TIEE, FHREN
DZER A& T 5 ETRY THHEEZD.

34



2244 FREMOEMS T

AT, 7 v NERENT, P1 & MMN B2 52/ 0 4% o2 A2 62 L. PLIZEIC

TR B AE L T2 DITx L, MMN [ = 7 Ik &~V MEIR Ol 570 R84 L7 (X 2-6). EEG, MEG,
Z VT2 ATHFEIE, B BT, PEREEOS (P1, N1) ORARMEKTERE CTH 2 DIZx L, MMN ©
AL, BKBRE CH D Z L ERELTWD [76], [132]-[135]. 7 v MR O o 7 ik, B o
AT 4 — Ry 7B Z %5 TOWDD, WBRRMO Sk EERE IS T 2 B ~XdH £ 0 B LT
RN, B NORREEREICHY 5 LB 25 TW5 [55], [56], [931-[102]. —FF, T v NEERED
AL MEIEE, BBRC, MO @mRERAZ < OBRFREEGET 5720, B hORmKRIEREEICHYS 5
EVbILTWA [55], [56], [93]-[102]. F 7=, (HENZBIES 2 RHELMEIX, a7 TIER<, ~UL MHAE
BICERESND [174]. 29 LizZ &0, AREFEROFERIZ, MMN 23, EESCFEE, &R ED, Mo
%&%%k%<%bé$k%#k%ién%Hmﬂ

—J T, AFREOFERIL, 2B T 2 HIERERISR MMN Q%54 &, —ER o7, xaoh
EERELOS I, ARFE & RERS, —RBERENORE L. —J5, AB%ET, 7v F® MMN (X, =7
WD HFAELED, R3O MMN X, “KERBENSOARFEAEL, —KBERHNOIIRE LT
[107]. ZDEWE, 7 v b ERTIDERD S FE~OEF Y — 2 DEVNZ L > TEUEREERS 5.
EE, 22O —KRERECT v o3 7aEEkiE, SR ONAIESIRIR (medial geniculate body; MGB) 541l
Mo OFSE FEIZZT, a0 RKEERESLT v F OV MMEKIE, MGB ORI, SRl D OB
Z50F 5 [93]-[100], [102]. ZHHD 2 DORREEIE, F2DFHFRN, T v LD LK TS &N
b Tna [94]. H L, MGB ORFRIES, FIEa MMN OR4£EICi#R L b b0 ThiiE, 7 héx=
T MMN OZERIGAAN R D Z L3+l H 155,

2245 XEBRROARMK

AW, 7 v MEREIZBWT, b b EFAKROEREZRFOIAY Yy TFXHT 4 BT 4 (MMN) 2377
TET D AREMED E T & &R LTs, BB RTHIESPREIRAE & Wy o 7o — S OB ERIRRE IS, MMN DT

RBRARESLSERDLZEBMBNTEY [183]1-{191], BMET /VIZEITH MMN OFERR TIE, FERR
FEBRBATREICR D728, TN O DEEBDREEET VHICKEEMT 2L B2 61 5.

7, RBFRTIE, BNERREMBT LA Z2HANT, 7y NEREOBHREBINOEE G E, HEF LN
VTR L7z, 2O X 572, mWZERMMEE OFHAIRIE, © O (EEG) CMEZX (MEG) Ti#~<bH
NCETARIEBN O =M D%z, KOFEMICTND Z 2RI T 5. FlxiE, 4 RA—AfREIcB0

, R OREEN BT D5EA L, MENET 56 TIE, @RI b 2R 2 5
728, MMN OZER5 AR 6 R 5 Wbl T g [1921-195]. %7, B FTiE, #3550 MMN &, Fig
RABT 4 —FA O MMN TlE, ZERIBMPERLRD Z LM TND [76], [82]. AFEFRFRIT, Z
D L7, FEE AT L2, MMN OZER554 OE W ZBERE OfEEF L~ L CTHRRDH Z ENTE 58T
FRTHD. 72k, AWEOHE 4 TIE, FEERIZ, FiE0 57220 OmIFIIxd 5 MMN D225 %,
#iE O MMN & g U7z,
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2.2.4.6 RETDHRFE
AETIE, MUNREEMRT LA ZHWT, 7y MNEZENS, IAYYTFRHT 47 4 (Mismatch
Negativity; MMN) % 2 G[AIREEHIIT 2 ZERR A L2, FHIL7Z2Z v FD MMN 235, B h®D MMN &
[FERDOMEE % &o% %, MMN O, #BikHYE, 225546, NMDA SBE~OREIED, 4 SOBLA
MHaRLTE. ZHUCEY, 7y MERED D, b b EFBROMEZEFD MMN %, £ &[REGEHIT 2 5%
BRR AT LT 2 & 2B LTz,

23 Sy MEREOEEWGHETEICE TH5FDRHMKRIA
231 B®Y

KEOBMIL, 7 v MNEREOEFEARMREIICENT, SHHRE2EHL QO DR MEL, HkE
BEAWTRHRETA2ETHDH. BRI, BIEARMRITE &, EFORMRIEEN S, HleE &
LT SLR [161], [162] Z AV, HIPE OJEREE RO 2532 5. 7k, TR &+ 2mfIEEI s L
T, BT DT v NERE DR 4 IR L7 UNEMT VA T, JmTEY AL (local field potential; LFP)
R LT, Fo, 7a—T 47 0H0, EFRRARIEEOR#EE S LT, LFP OKMHFIROIRE
&, SRR oM AEFRBICER L,

232 Ak
TEDD 4 AX—%T > ~ (8—10 s, (K 230-300g) & EEBRIZHW\-.
2321 RABRMUNEBT LAk D, #HREBOZ R

2222 MEREOBHFMN ) AR LIZHIET, 7y NERBEOLARERE % BN 5 Filia i L%, #l
(LR OR/NEMET LA (ICS-96, Blackrock Microsystems, [X] 2-8 (a)(i)) %, HEEZEIZHIAL T, T v M&
RE DS 4 @i o, RPTESBENL (local field potential; LFP) & {HEIEEAL (multi-unit activity; MUA) % 26 5%
RIFEFHI L 7= (X 2-8 (a)(ii)). [RIEMRIL, 4.0 mm x 4.0 mm OFHAEFANIZ 10 x 10 ORI LR FEMR )Y 400 um
MR CRLE S TWD. BIROEIZ 700 um I A X 5720, 784 —/VEIE (polyoxymethylene) f4 2
A= (FHACKE TERASHD) Z2EBBICHE Lz, FA<—51L, 4.0 mm x 5.0 mm x 0.8 mm (FEx#Ex/E
) OFPAIZ, 400 um FFET 10 x 10 DB BHVTW S, FERIEENE, ZEBEEIEZR T 1,000 f5I2HI0E L7
%, TUHINT 4 NH N KRR (0.3-500Hz) S, 1kHz OV 7V o FJEBEET, LFP Z5HI L
72 (Cerebus Data Acquisition System, Cyberkinetics f1). F£7=, 200-7,500 Hz D7 X /L7 4 L X /3 KX
R & T T ARRRIEENIC IV T, BRI L ORIEAS G HA| S 7=l %, TEEVENL (MUA) OFAERZ L L
T, LFP E[RIBFICEESR L7-. 7235, MUA OB 7Y v 7 E#E0E, 30kHz & L7-.

WIwIZ, Bz Ty MEREOREIIHEL, 7V v 7 FITxT 2 RIS (P1) D22 oA 2 FHl
L7z, BERVE R OMBEE) 2 5Hl T E TV D F AR L2, BMICE 20T T, BEEZE D 600 - 700
pm OEESITHIA LT, BEREOH 4 JEIZRIANTE 2 &2l T 572012, 7V v 7 BTk 5 iR
SIS ORENR A THLHHFEE, 7 U v 7 FIZxT 5 MUA WL E L CHHAI S D F A2 MR L7k, MfkisE)
ZEHAI L7z,

FF, EBERRREER) L, AFHS T OB E-E EISE R (frequency responsive area; FRA) Z &F
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BT D702, h—r =2 FNEEHR L. == 2 NEOFRRERIE 15 ms T, HOH EN
D, B FRYRFEIZZENZEN 5 ms, FIE ORRERIZ 600 ms & L7z, MiEOBEEIE, 1-50kHz
DOHEPHT 13 47 #—7 Z LI 18 Fidd, /1L, 30-70dB SPL O#PHT 10dB Z LI SHEHAE L, %
BB L FIEOMAG DA, 20 BT, T X ARIEF TR LT, LFP & MUA %3 L7-. LFP
P S IR PER 2 TR B ORI E A HHH L, MUA 251345 5HIIS TO FRA ZF§~7-.

WIZ, TEFHB IR EN 2 FHHl L 7=, X 2-8 (b) (Z/”" T XK 91T, 16 kHz & 40 kHz OffiF% (60 dB SPL) %
30 T ofEoR Lz, ZRENOHE ORIZICIE, & 28R L TORWKERH (EEIRTE, silence) % 30 F
TR, BUIR L2 150 M ofliEz 153478 L, ZnENDZ > FT10 #1772, LFP Z5HHl L7-.

2322 BEHBIRADORERM - SEHHEICEDC, BRENBEEOSE

F—=2 =2 NFIZKT D MUA 225, & FHALE OB E- 5 EISEFEE (frequency responsive area;
FRA) #RD7-. K29 (a) 1T, FHHISNIZMUA DT AX—T 1y hO—fFl&, 1 ms & D MUA FAE
B A N7 T LERT. K29 (a)[) 1%, 25 kHz, 40 dB OFEE % #27R L7= 20 BIORITICH LT,
MUA 23384 LToREZ) 2 7R, BEORERIS, BRI MUA 35384 LT\ 5. ERENOEEE, &
DFIZXK LT, MUA BRE LRI EFHND 7280, EHILA /A 7813 (normalized spike count) % 3K
7o IEHUEA A 78U, FHRERTRE 5 - 55 ms O MUA BAERBOEEH D, FHERTRE 1-600
ms O MUA JAERBO P 251\l & LTRDI. EREA ST 708 E, Bk, HEZ ik~
72 FRA %, [¥] 2-9 (a)(iii) (Z/~T. R 6, Z OFHSEE OMBAIIE, & OFENFIWVIRETIE, 25 kHz
DEICHRS KSIST 5720, ZOEEEE, ZOFHIROREJE L (characteristic frequency; CF) &
L.

X 2-9 (b) |2, ARHALS TR CF OofiZznd . BEEE OMEAINE, FEEUREEZ D, B
H 4 J8TIE, CF 2MERWFREHIIE, IR % 5810, /i 7, %AFMEMO 3 EETIC EITRIEL TWD [44],
[167], [168], [196]. Ff&HIILD CF 238 < 72 D124 C, ZNENOJHIEALE LR, R, Fi5 S~
BEh L, CF2EWERMIE, AiFEMo 1 2FTcEE D [44], [167], [168], [196]. =5 LizZ &nb,
CF OARWER SRR D, #5850, /iy, %A REREITIX, T2 —RIERE (primary auditory
cortex; Al), HIEREF (anterior auditory field; AAF), MEHEREF (ventral auditory field; VAF) IZJ& L THE Y,
ENENOEEIL, BANOHST, AN H%TT, BIFEA DTS~ EEREEE o LB
Z BTV D [44], [167],[168], [196]. £7=, Al, AAF X2 7HEL & MEEN D — 5T, VAF &, =7 5l
DJEDIZALIET D CF DWW EIRIE, AbhEToUL MEIK & MTI TV 5. ARIFETH, KM O CF
CHEET DI LT, WEEE, a7 EkE L MERICFE L.

AWFZETIR, EH IR RETEE) O R FE B A R ER RS KT L TV D0 E ) a5 7=0H1g,
HERE DA FHAIA Z, CF O S U T 4 >ofE (K CF, CF=1-8kHz; 11 CF, CF=10-25kHz;
5 CF, CF =32 -50kHz ; BEEE AL, CF BRIl SN do 7o) IO LT, $£70, BRI/ E)
DIEREHDPPEEE OEIBIAKTF L TCODENE I DEFRD O, BREOKFLNE, 3 DO
(= TRl UV MR, BEEVESN) (2 LT (K299 (b)).
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Silence 16 kHz Silence 40 kHz Silence

30 sec

Figure 2-8. Microelectrode array and continuous stimuli.
(a) () A microelectrode array (Blackrock Microsystems, ICS-96) with a grid of 10 x 10 recording sites within an
area 4 x 4-mm. (ii) The microelectrode array simultaneously recorded LFPs from the 4th layer of the auditory
cortex, i.e., 600 pm in depth. (b) Continuous stimuli. Two kinds of continuous pure tones with durations of 30
seconds were presented as test stimuli in the physiological experiment. The frequency of the first tone was 16
kHz, which was used as CS in the exposure and classical conditionings. The frequency of the second tone was 40
kHz, which was not used in the conditionings. LFPs for 30 seconds without presentation of any sound (silence)

were also obtained before and after the sound presentation. This recording was repeated 10 times in each rats.
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Figure 2-9. Frequency responsive area (FRA) and tonotopic map of the auditory cortex.
(a) (1) Raster plot and (ii) PSTH of the action potentials. The sound frequency and intensity was 25 kHz and 40 dB
respectively. (iii) Frequency responsive area (FRA) at this recording site. Characteristic frequency (CF) of thins
recording site was determined as 25 kHz from this FRA. (b) Tonotopic map of the auditory cortex. Color map of
the CF at each recording site was shown. From this tonotopic map, we divided the recording sites in four groups
according to the CF: Low-CF, CF = 1 — 8 kHz; Middle-CF, CF = 10 — 25 kHz; High-CF, CF = 32 — 50 kHz; non AC,

no clear CF was obtained. We also divided the recording sites in three groups according to the auditory area: core,

belt and non AC area.
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2.3.2.3 #IFEBOREEMLY
FHHIL72 LFP 225, FFRIEEh ORISR Z FH L7z, @IER 2 EE 2 51X, FFR-EMOIRIE (evoked
potential) %, EWBIRARIEEND O IX, KT & OFREE (band power) & ALFHFEIMIEE (phase locking value;
PLV [197]) %, ZThEHFrEEL LT Lo, 72k, ABRETIE, SRR S 600 ms LA OHfiRE
TEE) 2 B PR 72T B, T LA 2 A 2 piE B & B LT,

23.2.31 BEMNLGEZIBORHEE

HE R ORI X E R TENED B D720, FHIEEAL OIRIE D ZEH] 2 — 0%, HOBEHIC X
S THIREIZZE L L, BB CHRBIATREZ2 2 L A BT 5 [158]-[160]. & Z T, SLR 23558 &
LTANTH L0 ZMHEND LTI, £, FEEMORENS, FORBEGEN 27, X 2-10 (a)
(2, RS A7z LFP Oz 4. BRI X - TEE% S 5 Mg pOSE, BEE 4 o LFP TIXA D
mhire LRSS, b= "= NERIKICKTT 2 LFP @ 95, 4 kHz, 16 kHz, 40 kHz O#fiE %
60 dB SPL Tz L72 20 [A[ T2 DI TIZOWT, FHITETE R 50 ms LN LFP D f/ M 2 & FHH AT
K&, ZOMxHEZ, BWPER R RIEBEIDOFEFEENL (evoked potential) & L7-.

23232 EEMNLGCHZETBOREE

TE R B ARRIEEN ) 1%, 3 FEORIBUIRE (R OEEIREE, 16 kHz OFRRH, 40 kHz OEFHER
Y IZk1T 5, HrkZ L OB (band power) & AZAH[FIHIEE (phase locking value; PLV [197]) %, HF#&E &
L CHit L7z, X2-10 (b)@)IZ, FHAIS 7= LFP Ol %2 ~d. HHBRIE <% 600 ms 2> 6, HHIFEIE R
TETOMBIREZ, ERAMRIRE L ER Lz, RRIORT X 91, BREE T CEHAI L7 LFP 1213,
BRI 53, $58ER (spindle [153], [198]1-[201]) M FET 2. £, LFP DHAHENR 2457
¥, LEP ICHHEER O (11 — 16 Hz) D82 R/SAT 4 VB ZNT, S 5 b~b M EHA )T T4
IR 2 DWIRFHRIE 22 5K D 72 (4 2-10 (b)(ii)). T DBFIFHRIG O—HF82> 6, HHFER, FEsHEER 4 701 2 B 2 5K
Wiz, ET, BRIFRIEOELME L EERED 3 FofE, KFHISTRDE-. ZofEgd, £ TOFHA
TYH LTl %, BIFRIEOBEE LT, 7 v bZ ETkdiz. Wiz, ROZBEZHAWT, £7TO LFP
D OAGEER 2 U7z, £, BRRHRIE 2 BIE 28 2 2 FHRLSES 25 bl ECH DL O LFP %, fhdE
WICHE LTz, 512, KRR oM ORI, 250 ms Kiili TH - 723HA12IE, £ ORRIH O LFP &,
SRR 12 & DT,

AWFFETIL, ETHOI, HEEROFEPFIFERORIUCG 2 DEELTRD720, K, L<
VRIERG BRI |53 FH S AU72 LFP 7% 300 ms @fse 9 5 Rl 280 0 LT, A8 RFH A (spindle time), & L
VL FERHIEPL RFIE] S (non-spindle time) & L7z (IX]2-10 (c)(i)). F7=, FEEIHORE I B3F#BEEIZEH 2 5
WD 70, RO LFP 205, 10 fMEOE SO U0 MLz (1 2-10 (c)Gi). £7,
LFP 225, 500 ms = &1Z, 1,000 ms fEOREFEIEA GV H L7z, G910 S 7o REEE OB AGREZI 2 &, 100
— 1,000 ms OFPHT 100 ms Z & 12 10 FEEDE & (100, 200, 300-+, 1,000 ms) % & DWFHEH (time window)
Z, T L. R OW Y L, 131TE 2 DIEICITV, SHRIEIREBIC W T, FREFETHE 3
100 O H SN T-REATHRT L7e. E72, 810 1 L7z R A0S 100 1236 72 7 WEIRIZ DWW T, 1
PPN L D JEREGR R DRG0 BRI L 72
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Figure 2-10. Local field potential (LFP) responding to pure tones.

(a) Onset LFP. The minimum peak before 600 ms from the sound onset was defined as the amplitude of evoked
potential. The duration of the tone burst was 15 ms. (b) Steady-state LFP. (i) Representative raw traces of LFP
in response to a continuous sound (16 kHz, 60 dB SPL, 30 sec). (ii) Instantaneous amplitude of LFP after filtering
with a passband of 11 — 16 Hz, where spindles were included. Time periods, during which the instantaneous
amplitude exceeds a threshold in 25 and more recording sites, were classified as spindle waves (black line); others
were classified as non-spindle waves (gray line). (c) Representative traces of LFP filtered by theta band (4 — 8
Hz). These filtered LFP were used to quantify the band power and phase locking value (PLV) of steady-state
neural activities. Black and gray lines represent the spindle and non-spindle waves. (i) A length of window used
in the analyses was 300 ms. Spindle time windows were defined when the all waves in a given window were
spindle waves. Non-spindle time windows were classified in the same manner. (ii) A length of time period was

1000 ms, and they had 500 ms overlap. A length of time window used in the analyses was chosen from 10

durations (every 100 ms from 100 ms to 1000 ms ).
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P10 S HFEAT O LFP 25, EHIRMRIEEOREE L LT, 5 DOBEEREICI T 2 mME
(band power) &, AAHFEIHIE (PLV) ZH M L7z, £7, LFP 2RICE BB RO/ RXZA T 4 1 H
BT T, 5 OO EE LT (0,4 -8 Hz; a, 8 — 14 Hz; B, 14 — 30 Hz; low-y, 30 — 40 Hz; high-y, 60 — 80
Hz). RIZ, FEHA, FEEHEHICREWT, 7412 %0O LFP OIRIEOR “SEEHEEZRO T, ThZth
O JEREHEARIRIC I 1T D LFP OFHEIRE & Uiz, £72, 7 4 /X% D LFP I V~L NEBZ )NT, KB
GNZBT DHRFALFE 25RO Tinh, (CHRBIE (PLV) 28 L-. 2 3HH4A j, kRO PLV X, T
(2-3) TRDT-.
zef{a,m—ek(r)}

t=T

PLV,

1
) :]§1X (2-3)

ZIT, j, kIXEME S, 0@XEM O, WL 2B HBRRAIHE, TIXREIRICE EN DML, i 1LE
BHNL & T
2324 HEEIZLDTa—Tav5
ATE TR OIZZ N ENOFHEEE AT & LT, BRI SR O 8 B A TR S, TR & i L
7o, wAlER & LT SLR [161], [162] Z W2, ABFETIE, 2 fES L <133 FHEOFIFEIRE 20 = &
L, ZIEA R VAT ¢ v J [BUFS3HT & SLR &4 ot 72 Multinomial Sparse logistic Regression % £
AL, IhEFEELETY—1 e LT, 7V —7827 7 A® SLR toolbox verl.2.1alpha [202] %V 7=.
ks, JEERRANZ, T o b, Wk, RERE 2 & TSI LTt o 72
EEH) 2R AR B DOFFEIETENL N — T L 2 A REGHR] T, ERIM D 3 SOJE RS (4 kHz, 16 kHz,
40 kHz) Zin S, 5 EIDOREMREZIT o 1o, BRI ZRARRIEB) O HF R £ 7213 PLV X Z — 2 L %
JEEEGRBITIX, LT D3 2O BIIZIG T, TR, EEEER 21T\, 10 BIOREREEZIT- 7.
1. H8EE OFENEEROEKBUCE 2 DB EMRD5720,

@©  BHEER 2 RIS, RESER IR, FERG R R T O R E A WSS

@ FERhEERE FEE O H O R 2 W 2 E

@ FHEER R O OB EE AWV 5GE

IZOWT, TNENMILIZ, 3 DOREIRE (HEZIREE, 16 kHz OFHRF, 40 kHz OF R

W) ZE S, 72720, FEORE A FREE S L THWEEAITIE, O-0) %, PLV & RHEE

ELTHWERAIZO L@%ITo 7.

2. FERGERIZRFREIR DR S NG 2 2 B AL 20, 10 FEORHMFOR I ZThEn
22N, MNZIZ, 3 DORBEIREE (JEEIREE, 16 kHz OF /R, 40 kHz OFHERT) 25805
SHT. (HEREE, PLV)

FNENDOLM, BHMEICBITD, AT SAORTE, ¥ P, REREREZ % 2-2 [OR
T RRBIMERE 2 L D ARIRE & LT, JENREGRIRE L 2 e EIEEGREIRE L, BT — 2 D 5 b,
TR O JEPERCE T TR e A2 LB CE IR L ER LS.

2325 F5FEDEH
AREITE, 5SHEUNICHEITAS L IIHEEBRREORE THITSN D TETH S.
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Table 2-2. Conditions of the Sparse Logistic Regression decodings

Steady-state activity

Onset i) 300—m§ (i1) 100'—1000—ms (iii) 100'— 1000-ms
activity non spindle / non spindle LFP ‘non gplndle LF P
spindle LFP (with/without baseline)
Power PLV Power PLV Power PLV

Dimension of input vector 96 96 4560 96 4560 96 4560
Classification categories 3 3 3 3 3 2 2
The number of total samples 60 300 300 300 300 200 200
The numl?er pf times for s 10 10 10 10 10 10
cross-validation
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233 &R
FNENOEMEZL, BWFEEOANSIRT MLe LTHWREO, SRR E 2 ik L. 72
B, MEREHLECIE, 3 o (CEIERYZRHREESE), 4 kHz, 16 kHz, 40 kHz ; &% 872 4RI E), silence, 16 kHz,
40 kHz) & L <122 (16 kHz, 40 kHz) O JEHEF 7= 13K REZ N E AT %t~ 2 5Bk BE O S 34fi %
-,

2331 BEMLGHEZEFEBNASOTI—T12T
%] 2-11 (a) 12, WBIERRMBIEEB OFREN Y — L O—FlE 3. TNENOBBEEICH LT, %
BALOHHEDS TR AT LT D, TS DR Y — o TR E4T > 7o fE R, g X
929%&E720, FroALULE D LAEICEL o7z (K2-11 ().

2332 EEMLGHZEEEBNASOTI—T12T
23321 #MEROBEICLDHFE

X 2-11 (b) IZ, EFHMRIEBIOMIIRE ¥ — > O—FlZ )T . BRI RIEE) O #HgiR <
H— U bIE, ERZRRIEEIO X O 72, R SIS R otz. £7, Mgk & XElET,
2T OWRFH OHFIGRE /N 7 — o TR EGHRI 21T o T i R, PR E LT v v A L ULIRE T -
72 (I 2-11 (c)). LavL, FERGEEIZEFMEA: (non-spindle) D7D IR /2 — o TR H A A L 7=
R, o ELANT, FERRBEE R T ¥ A LV KD b EBEICED o7 (X 2-11 (¢). F7o, FhsER R
45 (spindle) DAHDAFIMERE /S F — 0 TRIPEEZ TR L7fER, 0, a T, PG E N T v A L
NEVHREIZED o7 (K 2-11 (c)).

B 2-12 (a) 12, EFRHIRBRIGEEN O AN Z — o O—FlZ R~ MARRE S Z — 0%, oo
5000 (2T (F2-2) T2, BHER RE —U B L TWD. 2L O/ — 2 TG 21T - 725
R, IEAGBEL REIHIHRS CIL B, low-y, high-y #7IK, FHSER R Tl low-y HHR O FHRRBEE A, F v
ALV XD FEIZE > T2 (X 2-12 (b)).

23322 FMEBEBHMEORSICKIEE

X 2-13 (a) IZ, EFWHLMBIEEIO, FIRE X — 2 HWZBED, A7 OB ZRT. B
M 25 100 ms DA, AJI_7 MV, FREEROICHBIRENKEWT =2 NG EN 50, Rl E
23 1,000 ms OEGEITIE, 2O X 9 RFFRIT — 213D 70 o7z, 100 B 7L TORIIRE S
Z— OFHMT, FREEN 1,000 m OJ55, 100 ms DFE LD bEnZ Eann, BEEENEL R
DIEE, WAEER M ET 5 2 ERTRIND.

X 2-13 (b) IZ, EHHILMRIEB ORI ¥ — 2 % T 3 DORESM & #B] S E-FEo, J&
W BGRAIAEE DY) 2 md. FEERIC, FENEERIERH O R & OIER IS - CREMEEGEERIREE 23 M E L,
300 ms LA E ORI CIE, R TORIRCTHAEEN T ¥ AL~V L0 A EICE S o7 (Ml tRE,
Bonferroni #fi 1, p <0.01). F£72, 200 ms LA EORFHE TIX, high-y HHEOFBEE D, o3 <To
I BAEICE o= (2 BEmM t #i%E, Bonferroni HilE, p < 0.001). 512, high-y # T, B
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[ DIE R AT - CRRBIRE EE 3 0] B3 2@ m 23 5 - 7228, 800 ms & 900 ms, 900 ms & 1,000 ms D fH] T
IEAE A B R 22 ITRD b o7z QBELIRE, p>0.05).

B 2-14 (a) |2, EWRBORMRIGEI O, (R ANZ — 2 H0TEED, A7 SOz Rd. H
R N — U LRIC L 91, FERRENAEWVIZE, FRRALT —Z Y, 100 T2 7L CTOMFERH
WRE—VOFBMEREL 2D, 20k, KREEENELS 21T E, @BEERR L7562 ENTRS
nb.

4 2-14 (b) 2, EFHIZ2MRRIGEYONLAEF N2 — % VT 3 SORIBRSEM: 2 @R S g 7o, &
WEGRAIREE O 2 v 3. FEIC, FEHEEEIFR O R S ORI CREEEGERBIBE R L,
200 ms LA EOFFEHE T, 2 TOWROBHINEERT ¥ o AL~ X0 FEICE>7-  (Bonferroni
FHIE, p < 0.01). 7=, 200 ms ML EORFH R TIE, high-y HIROMBMBEEL, OTRCTORMEY b
HEIZE D> 7= (Wl t #27E, Bonferroni fiilE, p < 0.001). & 52, 600 ms LA DR K TIiX, low-y
HROFAIEED, 2 L0 HIRWEEEEIR LY b AEBICE -2 2 BEEA ¢ FRE, Bonferroni #fi1E,
p<0.001). 400 ms & 1,000 ms [ZFBWNTid B HIROFRBIFEEDS, E LD HARWEFEEHRIREI D b AR
molz. F2, ETOREEHRICB VLT, 700 ms KV 1 900 ms (BT i BIEENAEICE -T2 QB
iEi{H] t #2 7€, Bonferroni 1, p<0.001) 23, 900 ms & 1,000 ms DEIZ1X high-y HiR CTHERZENH O D
nipnoi-.

23323 BREOVHKEDERICLIEE

23324 BB HERETE, REHFOFSE
AREFTE L ORI 5K (K4 2-15, 2-16, 2-17) 1%, SHELNICEITA D L I3HEEEBHEE O TR T S
NLTETHS.
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Figure 2-11. SLR decoding of test frequency from onset activity and from band-specific powers of
steady-state activities.

(a) Representative spatial pattern of onset activity in response to varied test frequency: (i) 4 kHz, (ii) 16 kHz, and
(iii)) 40 kHz. (b) Representative spatial pattern of band power of steady-state activity under three stimulus
conditions (silence, 16 kHz and 40 kHz). (c) Decoding accuracy. For steady state activities, bands and presence
of spindle served as parameters. Asterisks indicate that the decoding accuracy was better than the chance level: *,
p <0.001; two-sided one-sample t-test.
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(a) non spindle LFP
Silence 16 kHz 40 kHz

spindle LFP
Silence 16 kHz 40 kHz

00

OA)_‘

[: PLV (non-spindle time)
* * * * I : PLV (spindle time)
% p<0.001
two-sided t-test
against chance level
chance level
(33%)

accuracy rate,

B low -y high - y
steady state (PLV)

Figure 2-12. SLR decoding of test frequency from band-specific phase locking pattern of steady-state

activity.
(a) Representative patterns of PLV in steady-state neural activity under varied conditions: silence, 16-kHz tone
presentation and 40-kHz tone presentation. (b) Decoding accuracy. For each band indicated, the accuracies were
estimated with non-spindle and spindle time windows separately. Asterisks indicate that the decoding accuracy

was better than the chance level: *, p < 0.001; two-sided one-sample t-test.
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(@) 100 ms 1000 ms
Silence 16 kHz 40 kHz 40 Silence 16 kHz 40 kHz

power, uV _, power, uV _, power, pV .,

power, BV

power, UV

[l: theta[]: alpha [: beta |l low-gamma [J: high-gamma
A S S S S B S I

0
Accuracy rate, % ,

-|-chance level (33%)

100 200 300 400 500 600 700 800 900 1000
Time, ms

Figure 2-13. SLR decoding of test frequency from band-specific powers of steady-state activities.

(a) Representative pattern of band power of steady-state activity under three stimulus conditions. Each pattern
shows all 100 input vector under each stimulus conditions. The duration of time window is 100 ms and 100 ms. (b)
Decoding accuracy. For steady state activities, bands and the duration of time window served as parameters.
Asterisks indicate that the decoding accuracy was better than the chance level: *, p < 0.01; two-sided one-sample
t-test with Bonferroni correction for 5 comparisons. Daggers indicate that the decoding accuracy was better than all

lower bands: f, p< 0.01; two-sided two-sample t-test with Bonferroni correction for 10 comparisons.

Abbreviations: A, anterior; D, dorsal.
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(@) a 100 ms 1000 ms
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o

Silence

Sample
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(b) High-y

. PLV a.u.

Silence
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Chpair  #95&#96

: theta[]: alpha [@: beta [l low-gamma [J: high-gamma

t ot T LA L LI 1
* * * * * *
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¢

-1.chance level (33%)
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100 200 300 400 500 600 700 800 900 1000
Time, ms

Figure 2-14. SLR decoding of test frequency from phase locking pattern of steady-state activities
(a) Representative pattern of PLV in alpha band and (b) high gamma band of steady-state activity under three
stimulus conditions. Each pattern shows all 100 input vector under each stimulus conditions. The duration of time
window is 100 ms and 100 ms. (c¢) Decoding accuracy. For steady state activities, bands and the duration of time
window served as parameters. Asterisks indicate that the decoding accuracy was better than the chance level: *, p <
0.01; two-sided one-sample t-test with Bonferroni correction for 5 comparisons. Daggers indicate that the decoding
accuracy was better than all lower bands: f, p< 0.01; two-sided two-sample t-test with Bonferroni correction for 10

comparisons.
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234 £
AREITIE, WEEICXY, Ty MEREOEENRARTENC, FOREEERNERINTWD
MEIDERFELTZ. Z07DIZ, T v MNEREORER M RIEE ORFEE L, EWNRMRIEEI D
B D, SLR ICEAMRRE AR S8, TR, SLR 2KV, @A RIE SN 55 O JE g
WA EFITHE L GRITE . £70, EFARMBRITENC G, S8R R & SRR Ry 2 40
U, FEEOHRHR O TR EECNAR R ISR WA EH SN TV A Z 2R LTz, &61C, JEREEN
R OEINELS 2513 L, @AEE XM ELT-.

2341 BEMGARZERINSOTI—T14 VYT

W PR 2R AR NS X D JEREGRDIRG L 1T, RFERET 929 % &I ITEm -T2 (1K 2-11 (¢)). TEEE
1, REE ORI AR E O & I 00 S 1% A RS 2 R EURTERS S 2 FF 6 [41], [42], [ARSEIE, R
PRI SRS E A~ DRI e eI Z — N X VR SN T D, £z, SHIKBLAE, BREH A
U LFP ORIECTRENEAL (MUA) 1%, IR GHERE ~D AT % EITB L T\ b [145][152]. L7z
ST, ZNOOZEMMSARE, FEE OREEIG CTRFB L, ORI, BERE OB R IEE
WEICHET D [43]-[45]. £ D & O A EEIRIEIE D BIREZR 30 ARG ENC HAUE, PLV O X 5 Z2Eik
TCORFEEZ AW &b, BiFEICkY, RIS TE 2 [158]-[160]. HAR— h_X7 X —< v
(SVM) X° k iTfHIETT, EEHGER 2R A7 SBATIE T, A7 ML LY b, FHICHAWD
T TNED Lo T2 [158]-[160]. —TF, ARAFETIX, AT MAOWITITXH LT, o 7 VHnd
o ln (F2-2). 29 LIERILTIE, SVM 21U & 5% < O I RZE 35720, @5
WEECToH 5. ZHITK LT, ABFFED, SLRIZ K DJEEEGRAIREIL, FEFITEmNo7 (X 2-11(c).
72, IMRI & W25 TR T, R L [AERDO D 72 TVET, T a—T 4 70N Th o7
[203]. 295 L7 &nb, AT FMVORTTITH LT ZVED DI 0gGE, SLR 23, #fkIEE) 0
Ta—FT 4 TICH L THITHDLEEZD.

2342 ERMLGHEZTEALSDOTI—T 1427

23421 BEREDEEHEHIETE
BETE R OMRIEBNE, Frfie 2 BRI LG T 5 2 LR HATWD. FRC, BEEREICZBIT S
FRRRARAE OTE B AL DR KBEEE L, FHRNSRRER SN L7 BRI, QORI T 5720, BEEEO
TEH B ARRTIEEN Y, FOBBEEIERIIRIA I N TN EE X LI TE [89]1[92]. LA LA D,
AWFZETIR, E R R ETEE O FIGRE, MARFMIEN S, B OREEIE®RE T 2—7 4 7 TE I
ZOBME LT, AUETIE, WRE 4 EORFTESENMN (LFP) IZHER Lo Z &Rz ond. BEE
D 4 ETHEISND LFP X, FIZ, #HE (medial geniculate body; MGB) 7>5 BN, kv v+~
AL ENL A LTV D [145]1-[151]. fREEIX, FTEZIA LT, BEMREE W72, BER ORI S DR b
LTy TN EZ T T D, BRI, BEARIOS T 2 IEES R E LD 59w, FORHETIC
b & D FEEE DHEE CIHENEN 2 A S5 [1371-[140]. 2 5 L7-MRIEENAS, TR, HEZRHE LT
BEICAT SN TN DT80, BEEOERNBRARIEEIN G b E DA T a—7F 1 v/ TELE
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z5.

23422fERDEENBABEICEZ D2HE

TE ) 72 AR TR B O TR & B 7 SR G B C U, B5RERE (spindle [153], [198]1-[201]) % XA,
B TCOWRFME ORENZ — o WG E, SRR EILT ¥ o A VSV RRETE 57 (K 2-11 (). #
PER; DA MET, LFP ORIBICIIRE 2208 4E T, LFP OREOZER DA L BN Kb D, Dz
D, BEBFENRNL Lie ol b B2 D, —J5, SRR & IR R A XA 5 &, KRk
FHER R HY ClE, FAEEN T ¥ VALV KD S FERIZEL o7 (K 2-11 (¢). (AHFEIHIE TS,
[FIRRIC, REIC @ BRI O R SR RE R 5 CI, BREE R F ¥ ALV X0 b FREICEL 2ol
(X 2-12 (b)). ZHOOFERI, @I LIRS TR, EHENMRIEEL, B OREEEHRE
RELTNWDZ L E2LFHTD.

LFP OFRIRE CTH (X 2-11 (¢)), MAHFMIETH (X 2-12 (b)), FEFHEEEERERIHF O high-y Hrik DRk
HENRbENP-o T, ZORIROMPIEEL, TIC, RENOIHIMNME= 2 —n lE2RT 5 & E X
HILTUW D [204]-[209]. FE7=, SHEERITIHUR - BEMOMEFERIC LV AT S [153], [198]-[201] 75,
FO XD MHEMERL, EHERETORENOMRISENCI T 5 FOFEREHEZHTH. Lichi>T
EFRETOFTOHHREH T, HENOMRIGEIN EE AR EEH 2 M- TnDHEEZD.

o, RWERERIR (< 12Hz) OBEC S, SEWR, FHCEHEER R OA HER R ST 5 ATRENE
VD [210]-[212]. BIIE, e LB B R R O A, BEECE O EAEIL (7-11Hz) ©
LFP JREEICHE AR SN TND [210]. £z, FURSHEE IV T, Fign IR A Eer i (0.03
~025Hz, 5-15Hz) OEEPBND [211]. 9 L2 End, RWEREGIROMED, FHRgIZ R
THERE, FHEMEEEI L TWZ)IZ, SLR X D8BIEENTF v o A LrUL & 2 12 ol BEMEDS
HD.

23423 FEMEBRFEFTORSICKHIEE
ST OR SRR BIEY, MAMEERE LU, R bMBIRIEAE O highy #5k
Thole. £7o, BEZL 900 ms FREETHAMEEL DA EIFFTHIED L7572 (2-13 (b), 2-14 (b)). FERGHE
PR O R S D A 51 Y, LFP 6 ENSAHMROMERAAT, &Y%< ORMICH LT
SNB. Ok, FREEEIEIEOR SR R BITY, S D B 2 — 2 SR
5= DEBPEREL 720, BEEEOR IZ SR B o7 L BB,

2342AEREDNHRENDEEICLH2E
2.3.425SLR W& HE
AT, SEUNICHEITARD L IIMEEEESEOR CHITENS TETHD.

2.3.5 REIDHRIE
AEITIE, 7y MNEREZSRE L, TSI 2@EN 72 RIEE) & IR IR B 5,
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WFEIC KT, FE OB ROMH A7, 2 ORR, EEMRMRIEENG b, T ORK
BRI FIRETH - 72, FFIT, LFP O@EREIFROME, (MHFRBE (PLV) (23T, MARENR
Mol THOORRND, EIEOEFHRMERIEEICIE, FOBEEERPRIASNTND LB R
5.

24 FEORRE
AETIE, 7y MEREIZEBNT, BOREMGL, BEE2EH L T D MREEOREELZHDL -
DO, WRIEE O FIELEE Lz, B8, MNREEMT LA ZHNT, Ty MERENS I R
~ v FRXHAT 4 7 4 (mismatch negativity; MMN) % 2 s [FIRFEHIIT 2 EERR 2L L=, BRI S
MMN 73, B b MMN &BERERICFREDOMEE 2 H o Z L 2R Lz, 8 102, BERE OEF I iin )
IZEBWT, HIEGRE (band power) <CHZAHIFEIHIEE (phase locking value; PLV) & W\ o 72 RHEEDS, & D JEH
BiEREERBL TV 5FEE, T EZ MW TH LI L.
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F3E BREICKEITS2EDRBFERORIR
31 XEDHM

AEOBHWE, 7y MEREIZBWT, FOHEEECHBENEZ KB L TV 5 HREE) DR E % FriE
TLETHD. BARICIE, FT, FEOMEIIHT 2BES L <X, S1E 234 v 7o ey &
T %, 7y NMIT. 20k, 7v MNERENS, SASYYTFRXTT 487 0 (MMN) &, FITk
T 5 ERA2MRIGTE 23 L, LLTFO 3 SO a17 5.

1. MMN O#RIEA, HOBHEE E/IXHFIMARE L TWD0E I NEHRD
2. TEFEHIZRAERIGE) O R R A O C, SLR IS DRI A k] S5 . GRS 2 RS L IR,
FEBECHRT 5 2 LT, EENRMRITEIORME Y — 0, EOFESNEZ R L T DH0EHR
)
3.

TE B AR TR B O BIBIRE & AR R Z — U3, HEOEEM AR L TWD0EFRD

E, EERMPEEROREE S LTIE, 23 [Ty MNEREOEFLAARITENC BT 25 OE#
FHL L FRRC, BERE 4 8 O RFTES BN (LFP) O 5 S0 & EH% (0,48 Hz; o, 8 — 14 Hz; B, 14— 30
Hz; low-y, 30 — 40 Hz; high-y, 60 — 80 Hz) (Z31F %, HrkFREE (band power) &AFHFRIHIEE (PLV) IZ{EEH L
7.

¥, REL, SFELUNICHETAS L IIHMEEREEOR CHITS NS TETH 5.

3.2 AEDHIE

ARETIE, 7y MELEICEWT, FOBHEESCHEIMA RS L TODMRIEE ORI E L RET 2
72912, 16 kHz ORISR T 2EES U<, SE 72T mii a2 v i gt %2, 7 v ML
o, ZO, Ty NEREND, SATYTFXAT 4 ET 4 (MMN) &, FITRT 2 E T/ ihiiEE)
ZEHA, P L, LLF O 3 SORERAE ST

1. 16kHz OFIZXT 2 MMN O#EIRIL, BEHEIMO 3L /S oz,
2. EFHRAIEB O MEZ IV T, SLR ICHF O & ikn S S 72455, 16 kHz OF O 8 5%
BIFSEEDS, FE IS T LT,
3. EWBIRARIEBEI O, &R AR OME, WA I K o TR Les, RUhR R L R
B2 BB CIEVI ) o 7o, — 5T, BUREERED, o kS high-y RO AR 1L, HREHE R X
Db AEICENS T

FERN DD, BEOBWEFEZRESITHHERNO—FITH D, BRI TEINDFORAEMEOR I,
B LEAG L TWAEHOREL, MMN OIRIEN/ERBELL TWH ZLaBLE L. T74bbH, MMNIZED
BHEE 2 RBL L T D ATREMEDN @ WS, BOFEME 2RI L TV D ARt EWZ & 2R L7z, — 5T,
FER 2 ERER3ICL Y, BREOEFHARIEENCIT 5, a ke highy FIROAMHFBER, Fo
THENl 2R L T D AR MW L AR LTz,
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FAE BREICETL5BEDERORKRI
41 AEDOEH

AKEOHWIL, 7v MEREIZENT, TOEKARILL T OMRITEIOREELZRFET 2F ThH
. BOHEKE LT, —EmMEomMtE, =FMEORMEICEEL, LFO225%179.

1. v B, BOHEKOENE, [TH) L~ EMRIEE) L~V TRAITE 2008 9 v aifi~%. Bk
B, —HFME OISR BEb 2K E LT, MEOHBMRENRESE DD 570 OMFHICE
L, 7Yy "RZNODOEKDENE, 1TEIL~L, FITMRIEE L~V TRBITEL0E I 0%, 17T
BERE, IAT YT RXAT 4 ©TF 0 OZ R RREHITHR~25[213].

2. Ty MEREOEERLMRIEEICISWT, ZHEMEomitts, =FmEodittzRE L T\D
MG EIORHRE 2 FFET 5. EF IR RIGEIOFFME & L TIE, LFP @ 5 DO JH EH % (0, 4 - 8 Hz;
0, 8 — 14 Hz; B, 14 — 30 Hz; low-y, 30 — 40 Hz; high-y, 60 — 80 Hz) (233} 2 AAHRIHAEE (PLV) ([ZHEBE T 5.

¥, REL, SFELUNICHEATAS L IIMEEREEOR THITS NS TETH 5.

42 KREDOHIE

ARETIE, 7y MEREIZEBWT, ZEMEOBMMES, =FMEOMEL Wolz, TOBEKAERI
LTV AMRIEB ORFMEZRFET 272012, £7, 7 v MRFOEEOENE, 178 L ~L L RE
LYV TRPITE 2008 9 e iilc. ZOREER, HHASRETTICEY, Ty M, ZEFMENE
EEEID IRV OMREFE VS TDHEDOEWEITH LNV TRETED Z ERWLNTR -T2, FT2,
INHOEBOENIK LT, 7y MERENS MMN BEELEZE0D, T v MVEKOE N Z
FRISEI L~ CTHRBITE D Z ENHL MR >72[213].

BT, T v MEREOE R RMRIEER ONAEFHIE (APLV) 0, (CFAEHIEOZ & (DPLV) %
PRIz, ZORER, HFE T, R TO®HIKT, APLV A r L0 b R&hofz. £z, B UL EOHIKT,
WD DPLV DS AWHFIE LV b KE -T2, 72, E=FfFO PLV X, o, high-y #ik T, & =fi
LV bRE<, SHIT, 0, low-y, high-y HET, EFHIZBEHD R =FEFD DPLV 2%, HEilIZBbLLE =
fMELVBERENT.

INDHDORRND, ZFME O L Vo TR, TERVE O w8 B SO FRRI B IC R B S
nNTEY, ZFmMEOREL Vo 2EIE, o, low-y, high-y #IEOAARFMICER SN TWD Z &2
LINNCTR ol SHIT, ZORRE, HEONEEMNZ KRBT DRI E ORI & 2 il L7285 R, o, highy
IR O AR 1, BERE & KL% R DIER R FRIBEIC L > THRE > TV D AREtE A B8 LT,
ZOZENDL, ZEMEOTENFFOFOHEBHI L ERKIY, o, highy FIOMFERBIEICRB I LT
HEBEZD.
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HOE BE

AMFETIE, ZEFMEICEADLITENAT 5, BB REKEZ R 2GS O R E % FriE
T 572D, HOHIG & FOEKERELT HMRIEHORSEA T2, £, HFOHIG & BRI
B+ %, MRGEEIOFMBETELZRE Uz, BARMICIE, 2 Eof 1 HICBWT, Ty MEREND,
b MU LTEERBEEZFFOI Ay FRATT 4 BT 4 (MMN) %, Z RIS 2 EER 25 L.
F7o, RIEOF 2HTIE, BT EZ2HNT, 7y MEREOEENRMRIEE O, 5 S0k 0,48
Hz; a, 8 — 14 Hz; B, 14 — 30 Hz; low-y, 30 — 40 Hz; high-y, 60 — 80 Hz) (Z331F 2 H70% (band power) &L
FAIFIHAEE (phase locking value; PLV [197]) 728, B OB AR L W HHEERLT.

WHEINT 2 SOFEFEEZAWT, 5 3 BT, TOHEMOZEZHNT 2 IEEORMESZ, F 4
BT, BHOHKARIT MR IEE) DR SE 2~ 7.

¥, REL, SFELUNICHEATAS L IIMEEREEOR THITS NS TETH 5.
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AW TIE, HOBIGE & OBEKERRT HMRIEB ORME LT~ 20ols, 7, § 2
BT, 7y MERENOIAT Yy TFXHT 48T 4 (MMN) &L iFAREHIT 2 ZBRR 2 ME L7z, &
7z, RETIE, 7 v MNEREOEFRMRIEE O EORE & AR (PLV) 23, F O E KB
LTWbHEERL.

M SN 2 DOFHIFIEEZ VT, 5 3 BTl & OFBIMIE A KL 2 MG Bh O R R 4 5~ 7-.
ZORER, T v NMEREO MMN (X, EOBEELZ KRB L T DABENRREW—H T, FOFEl% %R
BLL TV D ATREMEIR D o 72, [ARRIS, EHE B2 RIEEI O M GREE &, FORBENMIZ KB L T
Sfc. LInLARn S, EHERMRIGED, o #k e highy HHROMFARIBIE X, FOREHMAeRIL T
Ay

IHIT, B 4 mTIE, FOEEERIT HMRIEBIOREELZFT . 7, 7y b, ZEMED
DR DG L Vo T B A, TR L UL, MRRIEEI LV TCTRBITE L2 LR R L. £, EEH
TR EN D, 5 DD (0,4 — 8 Hz; a, 8 — 14 Hz; B, 14 — 30 Hz; low-y, 30 — 40 Hz; high-y, 60 — 80 Hz) @
AEFARIMIEE X, —FMFOWIMEERBL Tz, — 5T, EERMRIEEO, o Bk L low-y HE,
high-y HHROAARFEHIA, =FME OFMELRBL L Tz,

B3 EEE 4 EOM R, MRIEEN ORI R (cross-frequency coupling [155], [156], [214]-[217]) »»
HELTH LT, BEEOEFRNLMRITEN O, o #75K & highy HHIROAMHRIAA, =F s OFEs
Ho, HEOFENREREEZHR L TWDAREMENE W L2 LT L.
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E e

A EHED, KX EE Lo HI24720, £ OFICEHEHIRY L.

EGZZAGERICIY, FREORKEIZONT, HOWwHE CHELTHEE L. EROFHITIAED,
FREAN, WML OBFBEEH L EHE TGN EE, RICHT 2R 2Bz TIHEE L. £, Mk
FHBET TR, LPRAERELFELWoTz, ZLLOFHOFRTHRROMEEZ 52 TIHE, MAL%Y
EOLIENTEELL.

K LHEE ORI Z B0 T THW, WHFZE0R, BIERIRER, e rEdz, 2wl
RITIE, PHHEE TEHL OBERNRTEREZ W& £ L, WIS ERICIT, AFETHRE Lz
FREETRENIZ DOV T, HIERICIE > Cain L CIEE £ Lt BERRERICW W ZEEIc XD, KRuf
FORERD, ERBAEREICB T BT ONT, BREZEDDH Z ENTEE L. Ml B8 =IziT,
HRE, BEE L Vo7, AR TEHERBEEOERICOWVTOFEML, MiCEEDOMAIZONT, 3 A
v INEIEEE L. ESmEHEERICE, RO ROMRAILIC D, RFROSHOFBEIZON
TR ATHE £ Lz, PHEE CHRAFICHEWZaA Y Mok, AIFEOER, B8E2 S HICED
HILENTE, KX DFERELZ DD ZENTEE L.

KBRS A, BHES A, BHEKRI A, KR TFSAE W7, FREDOLFETITIE, Hx O
FUEEN CRAT HMNREEM A b T TN ~ORHLEE, —DO— D TEICTREHE E L. £, %
FE R 2B LT, BREIFC R a2 AT —va VEENZBA CTHE L L

70, FRERFPHmBFEANIEE o & —, Ml - SEFAEOBEEICS, AEEEDOH S HHEH T
BHMEEZRO E LT 6, DHOWVKEHI S H Y F LD, TNTH I ZEFTHIT S Z LWt a kel
D2 ENHKRTZDIX, MEHEEDOIRPWIEHRS > TZEOHRLE L BT £

ZIZ, FEAEEOREZICOE T, iR LT TN mE, &, HARXRE, FFLEhme R
— LTSRS, DPBEHLET.
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