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FERR) X, TREE - BEIR - BREE) SV o 72 EFROIRAE (state of consciousness & L < I,
Ei#RL L) &, EiHOWNE (contents of consciousness) [ZKBIEIND. BEikNAILITZBIH
IR SN OB LD LD EIET. AUIEIL, EMNEOIIIEICET 5.

ARETIE, IHEOERE LT, W OPDEERBEDOERIELEITL, ZNETHD
AT R 2 SRBOICRBN T 5. AWFFE T, ERRONRIL, BEIRFIZ R 52 & D TUrfl 72
HODOT, BREDOTWDMITAREOH EIMN TEREINLIE LR L) ERHIL TS
Tosd, BUEMR A EMRAICHTE T 5 2 LN ARRICe D & DGR Z 3R T 5. Z OfGOREFE
EARMZEOBRE L, BRI MREET IOV TR T 5. & L TRREIZ, RimSLOERKIZ
DTS,



1.1 D=

DILOIVTHARZ T L TITEI L T\ 5. [EEMZ BT CErZ &8 TE 5 L, HLUZED
Nz y 7E{EALTHIZASTZKERTe Z ENTE D, MR, BRSO DIFE-TL 544
ROFPLFERPIUN TUEL SN D Z & THROL L TV D, AR O 52, M TR
Wha—EWLENT-0L, FHEEINI T ARNGFET EELLND. £T, Wk
WELOFELO —2 & LT TIMOBRRRIENE) BT b5, & 2 IEWLEOHA, HE
HETE & o T B AR O R A % 7] 2 KA E O SALI I B B CTALIE LT D,
Thebb, AN A> TELRRIGFRIL, ZRENRL DEAL THIEIZABE STV D
TEWRBEND. TNERUT IO, & WD . —J, FRERLERIZ OV T,
AEOERBREZEZDEA A=V LT, T2 b ZIEME 2 7D & &, HFOMGIE, MR~
DI TR I TVDIZHEDL LT, TREIVMNL L TREBREN S Z L7, R, ¥t
AINTRBRIND. 2, SRR COBL S N2 BOT IR HEA LR S 41T A i 2k
NI EATAAET D, F LT, 20BN X - TEMER S 2R % bbb 3k
LTWAZ ERHEEIND. kxR O = o — 1 U3, SEIEEA 72 & 0 i ik SRR
SN TV DR EEN LA T, ZEROFRGLIE, MO SREER TIThh T
HeEZLND. £z, ZoO TRAAE - BERL] L, ZERICETZDR > TUTbh S 721
TRL, ODEDDRERIZBNTHIThbR TV, HREHICE DL, RTHDIBEN L
XN, BHEOR#EEZRME L THR O ¥ 7HEBEGCHEEEOF TN TIFET 5 2 L2
LTS, IbiZ, HEOE, AOAHZHIMT o) Z Lidkwn. iz, HEEY7H
WbERIZIR->TL DL, [H=a—m ] OXITHEADHERPIULS NI DIZRD Z
EHHOLNTND, ZHUE, RRY 7 HEBOERPSFE SN ST, Sk 73k v S
NTWDREEELEEZEZLND. ZZETEEEDD L, DILOIBRRE L TV A HERIE, BR
ol LT Ao TEAFE RO DR AT 2 Thh (k) ek 2 2R eb &, Hikx
HALT IR SRLTEBRELDEWVWZETESS. UEND, bivbhix, FEEO
RAERERL TWD EWD L0 IE, Wb - ARk LBRZE L C, IMAMED B L7228 (f
A=) BRBL TV EVSTZENIELWEA D, ZOA D= ALRIZHTZ0, [THE
EDOXHITLT, E#oh (L) ZAEKLTHDH00) NMERICRD EBbhs.

ZIT, REFOEREMRPICE (FLEMRKBROOE DL LTHbOND) ZRTWD
D ERRIZ DOV T, #5E O Antti Revonsuo 2ME'E U7z TEGROEFEBIZEA ¥ 7 7 — ] G
(Antti, 2006) % #4413 5. Revonsuo (%, MMIZ L > TEMINDIEHBOBGE, MO FORLIER
% (Virtual Reality) & L THIZTW5D. £ LT, IMOFORABH IS 2T A K > THEIRH
ICEEZRONDOEETET S, REPOMORIEIE Y AT 2E, BEASIHENSD
T4 — KRRy &R LIS, BELRSZE STV, BEIRFIE, BEE OREINEDND Z
LT, FEETHHR LR R 2SR NHBT L LTS, HoOBICHIZ 2 BI1E, (1) £



DERA T =L L, (2) N TAER SN D R EAOBREE) S OMTEEHR & ORI A =
I, D IVUTEBRAIRIBE DA =X LNEETEX LW ATEAS., LIBETIL, =ik
BRI DT 2B LA s, BEZ L v fEAic L Tn<.

1.1.1 BRI SE X 5 & X 0I5 HE)

Il TR N7 AR IEROS TR ERICOIE ST TRV, b FOBEE A2 HIZ & 5
&, HIHOROVEERARRRIT 1| HARNOAFIEL, AR 10 7 bit b O # A %> T
WAHERBLON TS, —HT, bbb DOEMRIZOIE LR IEHROE (72 & 21X, FRfFE
TELEHOEHRE) 1%, BT -7-30bit (ZIE X720 (Schmidt, 1986). Z DOH%EI%, [
At - R 7 e 2 2R TES IR BRITEEEER S TERICDIE > TnH 2 &,
Fio, lLExEFLIREIZH 72 & LTHEBRMICHEZ H1EHRED ERIZEVOIEHD
PNZ L, BRLTWD. DESRICBWT, ZOFROBEEERIT LGERWEE (N, Lavie,
1995; R. D. Wimmer, 2015) ] & FEEN, [FEE] OIEELENEETHLIE SN TWAD.

ZORERIROMER, ERICERICOIFY TRTWD 0, THWTWD b0l 72 81,
EikA 2 sz D, — T, BEERIRIC L > TR TCOREMRERIIERITOIES 72
WHITED, B CONTEREZ R I RWDbIT TIER <, PICITEERHR T CRE8r TR
W E W RE L O LHFET D, BERNZZMTEOERFILE LTT T4 I 7% (S
Dehaene, 2001) 23ZE1F B 5. 2L, BICRBE LI2EW (774 L) BMckidFE 05
BERREO RIS B L RET E Vo b DT, WRE XY 74 LAOFEICKR ST otz
BETHORZXDIENMLNTWND. DFV, T4 AONFIIHERE OER T TR X
, BRtOMBICHEL KT TEEROLMEO—flEnz s, ZoXHI, BRI B
HRICDIE D BRI 2T & ERRICOIE S 2 WEERN T O 2 FEFET L VR 5.

EAEENEE TWD & X, MO EOEANIITZ D WTWNDDTEA D . T
X, T OMMERAIC RIS % FRE L CERRA T AEROMINIHRD 57259 . LFIZZhETO
BT & IS B O AH B & BT AT A AR T 5.

1.1.1.1 Access Consciousness & Global Neural Workspace theory

7 72 AE#% (Access Consciousness) &%, [#ETE HEMNAEZIEL, ZONEITH
eI RLIRICIRF S0, BERARITEIOR B DD ) & Sh, H5# NedBlock (2 & -
THRE I,

T U A L IR OFBIMIIEIE, HEBRE I RENE W S BT (FiE, wiE
SHRND), HERE OGN Z M5 Z & TRV LD, ZONFETIX, Bernard J. Baars
X° Stanislas Dehaene N E4X TH D, HHIZE - T, 77 BAEBNHKVI-OL X, B RO
TIE, AT D& D 2eifi& @~ 2 — o D3Rl S 47z



1. E7, SN CERANN S o7 L &, T DRI PIRIE S 5.
2. AJRREOGRERCT RN+ 3 72 &, BHTHBECRIEARTE CT= o — 1 U HEOIEME(LD
#Z % (A.Del Cul, 2001).
3. BATHBESCHTEAATE OIEMAL DI ERIC I M S35 . iz X (Electroencephalogram; EEG)
(3, P30 P3b i, P300 72 & & BT 2 R 22 B 25 Bl52 S D (AL Del Cul, 2001;
T. A. Bekinschtein, 2009; S. Kouider, 2013; C. Koch, 2016) .

COEBRMNEREZEAT, 77 AEMOTE RICH DM & LT Global Neural
Workspace theory (GNW) 723#218 S #1172 (S. Dehaene, 2006; B. J. Baars, 2013) . GNW
(E.Tagliazucchi, 2017; L. Naccache, 2018; F.Pestilli, 2018; C. Sergent, 2018) &%, S F X F7¢
HEEHLEN D DIFE-> T 21F#ME 7 UF T /UTREF - WET 2MEA D =ALTH 2.
SRR, AT - BB A D EIOR ARSI S . TR DI
TeHEITE- T, WHEEINTAFRO—F IR SN, AlEAATE 2l & Lic= 2 —nm 5
(Global Neural Workspace) (ZAD. %9325 & EAOWHMEE S 27 6 HHIZ Global
Neural Workspace WOEHRIZT 7 B A9 5 Z LN TX 5 IREEIZ72 % (F Varela, 2001; G.
Mashour A., 2018).

GNW (2 X, EilzoIiE> TV D1 &1L, Global Neural Workspace N DT #HIZIE D>
725720, F£72, Global Neural Workspace N OB I%, FHGeE - EEhGHE - i/ 8%
78S E S E RIS FTEE T, ERICDIE o TV A IFHE T IES R o (Bikico
X570 st _%Nfﬁﬁfkékfﬁéﬂfwé.%Lﬁ(NW@E%ﬁE%E
ETHUE, ERRPARE ONRIIATEERTE 2 P OICHE SN D RETh D, 72, P3 S P3b
B, P300 I ZEMAHMHEDOLL LLERD.

1.1.1.2 FE & Eik oo wWite R

GNW TlE, BRANDETIZOIZEDNE I NE EE] OO EZENHEETHDL &
INTWD., 22T, NEE) & TER I chy, LT 2008567256
I &84 % (J.J. A. van Boxtel, 2010) .

FBRCIE, EBREO TE#H Lz 2 - Rxken) ) & EEO LV 2SI EET 5
ZET, TR & THEE] O - NN, 7, TRA5 - R0 OfRYE
DI=DIT, WHHITERE 7 7 v 2 « ¥ 7L w3 (Continuous Flash Suppression; CFS) &
PRI D FEEZH W, 2, ZEHOMEIZ 2 Ol AR L, —HFOIRICES S
Wi} Z2 77y aIEDHT LT, oA HORICES LG omErsnmi s s (L7
{TED) LWOHBIRTHD. ZOFEOENTHDRIE, TRAD - AR XA
VT FEREPIRETE HRITHD.

T, WREOEEL NNVOEERELE LT, TaT b ZRAT LT AT DY)
DREZIENHODBN TS, A7 (T2 ziX, MEE [k 75202 A71275)



IZRTHA, EOLTHLMWERE L LRI,

. ZATZADOHLEITIODOEN T, ZATAZITHIEE (TN ZRY)
2. HRTADOHE, AT BELRTIUIRERWEBWRREG, A7 Ax{Tolz &
X (FaTn - ZRY)

FFEO 25T, RUX A7 AZLTWTHY YT s FRATBEDTNT 27 )V « XA
I ORI VIERLANARELS 0D, £, BIRENZ L2727V - A7 T, EELAN
JNE TN THIRLTERIZRD DT TR, 20, b MR —EICHZ HEEDOEIIL
—TEBRTRESTEY, TaT IV - XATDOLIC2ODF AT #FITTHEE, WO F
AV ICEBENETHMENRS DL EBEZ NS, SVRIIE, TaT7 v X227 L0, |’

DBHDLEREEDH - B LIELHETHDL VR D.

WFE O TEHENRR 25 - RxZan) & THERELSLOEN - (R ZfAGbdT 4
S BWT, BRFICEB S A AGT TW DR ZRE S (¥R A). 2oL,
EBOFRZRLD THHEIGEOFEBEN, EOL< BOVORPEIRRF I A2 i T D O ERGE
L7, BB, 1<V EREEERT L L0000 0nb Ly, iz
WCH O &2 —ERMLU ER SO TG, ZBa2RET5EASOEOEOERBNZEZED
ATRZD. ZHUTREMEEG &IN5 818 C, EBRTHW O TW DGR A OJFEL & [H
CThsb.

FERORERE LT, HELSANEWIGEITEE E U TR RN, M (B
RRZ) MEWIEEEG L L TEIEMAEN EAURERZ. ZHIZEY, LTFTD 250
FHN B END.

1. B & TR ImThy, DT TEZDLINERDD.
2. DOIONORRER L TV D ERZREGIE, EE NE-bWnW-s ZAREHINS.

Thbb, EE] e b ERWARIIRY 69 5, b LT TERE] XV ERIC
BRIV ENTFET 2 E W) AIREENREZ 2 b, 728, 2 2HOEERR, bhbihlOEi#k
FHRRRRER T, ©F A O X 5 BN OB 2 THAERF SN2 DO TIER LS, EEDM
WERWEIFHZ TR L TS DIEA S LN BEHRTH D.

1.1.1.3 No report paradigm

GNW L, MMIEBVZFHT 21CHh72 0, BikiEE 25 ic THE) SETniz, T#
] SERWIEETIE, MISENGEWNTIHHTEA 9. THE) OFRIZE - T, Bl
[Rz2% « Rz BNET 2 EEEZIC V. 20z, [t OFEIC X2 HKEE)
IR E7REWRFET 57251, GNW OFESMETRbNS.



JEITF L7z CFS D X 91T, #BEOEMRNZR TR2 5 - RAav mifgz ZReIcE
DT Z ST L < 2. F, Bl TR X2 - 720 iR Lizex, (1)
HREZREL T bl & l, Q) FAUHEGEZ AL THREIILTE LRI L
X, OREENG MER S FHIITE 5. W 2 I v, T 12k 254 7 AZH B
KTENRTED., ZOWREZMLEL LARWERT 0 k2L, #PRL T No report paradigm
EFEIEAL % (N. Tsuchiya, 2015; M.Usher, 2018) .

BERERIRE SIS IS (IMRD) % AW IMFERE A A — 0 7 Clk, #BRE S TR A7) L #
Hllce&d, TRV L EOMEETIE, TR EEIX TRARN-T2) &
X THATHIERTE, HREBESAEICER L. RIS, REICR CE®EZ RE5720 T
WAL S TR FEBRTIE, [R5 - RV B EiR Lz & & OMEEIOHE R
72T, REHOHLThH-7o. T b OFERERIT, ATsHATs OEMIE T o4 T 2
ERIB LTS, T72bbh, [#45] BIK, decision making 72 & DO RIEERTE 23 7] 5 5 AL HE
WMLET, T, AEENEOEEESEE 5. iy, ®EOFEICELLT, TR T
WD & ETIEMEAEA A DN AR 25 O - R EEEN ER MR A D LR E D (C.
Koch, 2016) .

I, IMRI X 0 & IRER S iFREIC I 72 EEG IZ X 2 IMTEEhEHIIFEBR 2 #3409~ 5 (ML A. Pitts,
2014). FEBRTIE, REEE (inattentional blindness) & L TCHIONABENFIHENS. R~
FEE &I, BEIIEMIZK DT 20T, HEE] BRIV TWRn e ERIZOIX S 7
WEWHIHIRTHD. TLESF—AIEFLTND EE, HFNTH->THT L EHEIT
EE AR DTR2WE S RIGAEPREEEO—WIZH 5. -, FEEBEORIBITE
WIZIXDIE S 7200, MEFR T CI3mIh s (M L~ L CORENRHERTE D) 2N
HMOHILTWD, ERCIX, 2HEEOB(LT D~V — T —%T 4 A7 LA ITHR LI256 Ok
AL, A o~—h—0OlF, HIZEELLTWAD. 2L T, 8O HFO~—H—@IIL
O EFMARGE L THBLEIT D FTA TABFET D, 20 L X, DTFOERSEMC X
D, 3F—CORERELND.

(1) WEREI~— I —ODOELZIEBD LI RE LK, TAAT LA Z/ATHL
I, TDEE, WREITY— I —QDEIZE IR,
(inattentional blindness ; ~— T —@QMNE L L7- & =12, [IONRWIEE) .

(2) WHREIC =T —Qb BT D EAEbE, BET A AT LA EZRTHEL ).
ZO%A, BRI Do THRFICTADL &, T IL~— I —QDZ1kIC
KON EEZD.

(v —H—@DEITITR DN, KON EEIC [#HE) Lo imEe).

(3) WERIZ, v~ = —Q@b BTNV, A2 2L T IHE LTHH 9



(=W —QDOEICRSE, FOMIZ ) L2me

fkE LT, 3) DHLAEICRNTOR PO T o~ IREIN R 57z, T OERIC X
D, GNW Ti, E#EMMEO LS LIELEE 2 LTV P3 S0 P3b %, P300, =L TH
/vwﬁ&wotMﬁA&—/i,%iaﬁ%ﬁa@béb?i&<,hﬁaj%rﬁu
WZEDNRA T AL LT,

1.1.1.4 Ef#kAI 72 Fn % D Neural Correlates with Consciousness (NCC)

Michael A. Cohen H1F, MEE] OEDOLI &, BTZHRER L T 2R RER O i
DEVEWVZONWTEFLLTWS. DFD, KICETp (FFTE25HEOHHRREIL 30
bit/s) IZH&H D K DT, DALNMAERICE#R L THRADIERITD 20, Zhid, HESHE
RChd (ol I, FleZ EDTEHUFIT40bivs FRE). LL, bbb OB IKER
%, o LEHREDZ, BERLOTHL. TIE 21X, THLHEEO S BIEEEZW
FTWDE10bit EIICR AT, &0 OREIMHEMNETTHES R OX 52t TIHR
LT, JHILRE b & D B RERIENENATHND LI ITE L 515 (M. A. Cohen,
2016).

ZOFBEEMET DHNILLTOWY Th 5. FRERE 25 O TR IENE (IMECE D Hig i)
Rk 7pmElk) C, ERMIER O & O awareness 8 (EEZEINIUE, KO EDTE
HNE) BAEREILD (S. Laureys, 2005; L. Mudrik, 2014; J. J. Fahrenfort, 2017) . \ZHITEA
AT 72 & O RMMBE O ERFEIRN T 7 £ 292 (HER] O7 4 vF— %bﬁé);k_;
o> T, 77 BRI (BR) #PHOBGDMEEIE S 4L CREREAN FTREIC 72 D (S.B. Yuri, 2011).
ZDEEPEIC o THID T, FIRBONBICOWNTHE ~DOWRE (77 2AE#%) " T 5 (B.
B. Velichkovsky, 2017). T 72 h, it HEGRER L T\ 2 Bt @giL, Kko
awareness & 7 7 ¥ AEM OB MBS DETZ LD L b\iéfié 5 T2, T BRAEH
DINAET DT, AKIRD awareness AL LR IT UL B3, W1T, 77 B AEBPFE
95725, awareness B HAEMIILTNDIEAD EWV 2D (L.Naccache,2018). X 5HI1Z, No
report paradigm D5 D, [TEE ] MDY awareness B FR T & Bk EI R 1L T 5
EWVWR D, T TAMIZETIE, BRIV E LT, RS O 72 KIKECE O HhEg R 72
TR CAERK X415 awareness 18 (M. Boly, 2017) (2SS 2K - Cigimd 5.

1.1.2 BEPNICER T 2 Em R D AR A 1 = X L

MN CTEBNERSNDA NN = AL EEZEZDHIZHT->T, bBEITRDOITHERS I
R2ETHD. EEEBROEROOLOLEZLNTEY, B2 R TV, SROEEA
TNFERD L~V TRHIES LD Z D, BEONFIZNERMEOMIEENC LY ARSIz
DLEZOLND. KIETIL, BOEMAI=ALZEZEZDHZ LT, MHREDLIITEBNE



AR LTWAD, IZONWTEET S,

Hle%%T%ék%PT@%TV%C&

PUIERRIEBRO VUL D TH D, T, FIMEOENT- D 28R 12 L TIT o 72 EBRIC
o T, BHFRISGGER ST 5. Eﬂﬂﬁﬁ@ék X, B2 RBRBLICLTHOHXIZEL ST,
TWOLEAZBEL TWDLEREICERZEDLZ LN TE D, ZHUTE ST, 5 23FERE
k?’i’ﬁf(b\éﬂ#?%) D, FLT, EHERBEIET, EOFTLTWATE (2L x
X, B, ED, HHORE) 2HRTH. 61T, HERPBIVEE TS & XIZEHIILE

ITEF ORI LT, 725 &, BoRToOITEIE, X T05D EEXDITENNE LT TH
X, BIEEI SRR TH D L anolz. ZOEBRMFEFEIZL T, 2L, MENITEFREFROO
LORDIZLHEND L.

J. J. LaRocque HlE, #BRFICEBEOMEFAZEH L TETHLY, b FRZEL R TH
%L EOMBRMEEEZTANT. 6L, ERFOFBREZEZ L TELZ R TWenE I D, £
T EDE DR sTenik vz, £ LT, FRFICEHIIL TWEidE T —2 0 5 5, gl
NEHREDSHEOLNDIEATOT —XIZEFH L GELSRNZ. ZO/E,

1. EZRTW5H1nEH )L REM HEIR, NREM HEAR & (3MHEI L 72w, 7272 L, REM [EAR
IR EE BN D RESRITE .

2. REM IR, NREM MEIRZ[H4>9° | —4 Hz Ol (delta J) 2SEHTERZEEE TR O D &
L, TERETHRN.

3. GHIARSASERE AN 20-50Hz O (gamma ) 23R 5415 & &3 NREM HEHRH C
HLELEZRTNDZ ENZ.

4. BONEEFEZTODEAETE, RSESETEG & EEO MR R 65,

5. FEOTCEONE & EE O O MBS 25t 5 & TR OREER & [F U
BENROND.

EWVN D ZENSyoT= (0.1 LaRocque,2017). 2D L, a2 RH7-DIC0E, HRECHE
THASEE OIS E 25 2 & T, REERF LR UL 9 At R2 (KB S5 A =X L3 E

52 LERIBTS.

FE72, MRI ZHWWZETE, HERTOZZ L TWD & & LR THnRn s & olikdEE)4
BT 5L, 2 RTWD L&, MNCHREE (EE) CHIEZRAENA BITEEL S
NDZENRHLMNMIEN TS (C. Koch, 2016). Z OHFZENBLEREWOIE, #EFE IO
PERBD NN ST RICH D . BT, BIEMROFEL K Lo AR st
L. D, FEOa T CTH LR LEOARICED > TnD Z L 2B LN BN,
EEITE S . MREE T, BTV MICHEEN O RS KM E ITIRE S, REIELE S
LTCHRZENTND ETHMPERTH D, GO, WE TILAPICRB I 2 —
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NIWEASND. TUREEER L TV DRETIH WM EE X DIFRE DR . L
L, ZOWENSREE~OEROEGE, 72I2EROEEDOHRNM T D 121 TEOER
Wb TWianE RIS, ERPOEL, WE-REOT —XE5UND & X2,
JEE S L G FEEN R E o TAEREINDDIEA S .

S HIZ, BAEROHR TH 5 IATELIAREIAFAE T DA, TR, & 2 W I3MNRIE K%
M E RPN 2 &, BLENGHEBEL7- X 5 eXmic/e b 6 L., BATAEZIATE D R
HEEINDZEN NI H—LlpoT, MEBIIHRSMebY, &M bSns 2 & T, 2R T
W5 XD IR 72 o T fE R, RSB AE Lo Tl v s S5, ARk, SETE
BIAIEN R I3 O T DNMER P O ZARKICEE 2 DI2A 5 L b s.

1.1.2.2 T B~ DB MR OHEE DG

AT TIE, ZOEMRNBIINRMEOREIEEI 2R L Tl Y, BEER & [ L X O ks
HEHHTAH =X LBNEEN T2 2 L2l 22T, 95— BAIAAT, TBISEHR
ERCE DR ES L LTERHT A= L] (IZOWVWTELEL.

£, RETORE, BEANDRELAENTHEH L THDL 2 ENMbENTVND. &
7o, RERIZ, 2% T DHEROE REM FEIR O = )L 8 —{HE RN & 13X
FETHY, MEENIRBEREELITWDZ ENHBILTND., 2O &b, MUK, M,
ErRTVIMbBAREHZ L TWNDHEEZBND.

Artur Luczak H1%, ®EET « HEETFO T > N ORI X ORI O = 2 — 1 U EEO
HIEFE KNG — &) BRANE CTeFRIGE) Y — o 25H L, 2 b ORRE R~
BoIx, F=a—u rOFKORMME LT+ 2 2 & T, BRIEKTHERD A X TIER
<, ARONEZ = iEZF T BERH DB TH VY, S OICHRIEH NZ — 2 Z2aff LT
Wb Z EEZExIEDHTZ (A Lucazk, 2009, 2012, 2015) .

Pietro Berkes H 1%, £kx FMD 7 = Ly FO 1 AR 2/3 JEIZFHAIEEMR & D A 712
PEEJIZEH 29T > 72 (P Berkes, 2011). 7 = L v Mz BIZRHDFBROF THE L TV,
A, EEICEHBZEE SN, BRREREAEONT. 22T BARZEGR EIX, KE
ROBEE TII7R <, RFFEMND Z LIZR 2B 4 EKT 5 (BE Matrix DL —E—
MERZEGE LTHWSNL) . E, EBRBEARE (BRAT) & FERE TR (R%) (I
MR OmGREZ N TRl s L CRE L. FEBRIZ K T, PietroBerkes 5%, AT
D & D RRIEE T — & 37

1. ERE, REFROBRZE®RZ LT\ D L& X O FERIEE)
2. RERIHRONLHRERZ LT\ & & O EEFHRINE
3. EERI, RETOBERIEE (T EfG A R 2RO R R T COMREE))

13DENENDT —Z & T 5L T, UFDZ ENghoTe.
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® HIREIEEN L HAMIIC X 5 RIS & OFUMERFR L & BICHERT D
® HIEIEENE N TRYLAIIC K 2 P FRIEB OBEIEIR W E £72 -7

UL, DR L CW LS TR AT O 5 A 0 BINTEREEONIE T L2 & L T D
Z L &RLTUWA. PietroBerkes i, R TIX, [HHRBSA IHEHET M EES W TUL
HINTEY, I CHREINDIREOHE R rf‘*?ﬁ?ﬁ HREIGENCRREIND DL EET 5.
DFED, b LANET ADKEIICKER HIX, DIObIVOMIIREIZ E by [SNTEREE
DETINV] ZEEL T, $hbb, BEMRNG ORI Z — DR, ~A XHET
W L ZADFEFIGMEERL TN LEZIDND.

UbZzEedd b, BEFTOBRRBENL ARNOERREZEL TA>TL DR ¥
—r (FRICE) Z20ELTbDT, fEL L b, KVAMNBEREOMIEL LTS
PEET /L& LTHELTNL.

F 2, AIE TR X 912, BHIERIFENRREEIC S 2 BLEMAEEONEE T V25 b
THZLETENEREIND EEZDOND. ZOL EOHEEKAED X6 &1, BT
ML T 2720 T <, B0 E N7 ZO MR 2 FZE T LR O L O pikEl L fF o T
WHEZEALND. IERL, BT TERRBKIERO 2N A X2 LEZLNTE

T, BREFBEKITEHERFHZ RTZETHLND. BE O, B DEE OB IIGE)
WAER DT T, BEH LY — U PNERISIT D Z LI LWEA Y. 22T, L&
HOMEGE 2 —& L THMbLNLHIAKIAE HIEEAE) NEFEZE0 25 2 & T,
ERIFICEWR D DIFE N F — 3 EN, 2L LTENDOTIE R0 E TRT 5.

1.1.3 IMPNA RIS & BR R & D[R] ]

Antti Revonsuo @ [TEFRORAATEA ¥ 77— FUTH D L 912, BOESEENTEE T
THHEEL TWAD ET 2L, BEEPIX, ERENDE (22T, MNARIEREESZ &
2T 5) 1%, BREANRLEENGDT7 4 — KNy &b 82, RELFRMEZ L ZLI2E-
THIEMROFEHBOLATEZARIZL TS EEZEZ NS,

ARFGEIE, Z ORI, MOFURNEEREE 2> CTnD EE 2 5. FURIL, BREA
IMEFHERE G DD X 5 72 %E8 2 -2 LR bi T\ (D. S. Barth, 1996; F.
Click, 1998; R. M. Bruno, 2006; E. L. Bartlett, 2015). & L C, J&®F AT &5z 2% Hi72 5 ik
RTERLS, BEEENODOT7 4 — RNy 7 ANNE2ZTHZEHMmbTn5 (H. 1. Alitto,
2003; S. Temereanca, 2004; N. Y. Homma, 2017). Z DB NOBHRE~D AN — R L 725 2
L CTRE-REITIERIET S (E. G. Jones, 2002; R. P. J. U. Frederic, 2013; B. Pesaran, 2018) .
Z OIS, EEGIZL T, ABIHIZR, REE THVES)) & L THRRETL2Z LN T
X, RICH WO SIC I VRIS Z Lm0 > T (M. X. Cohen, 2017). &
B2, ZORENIEERF REM BEIRFFICIHE W TR TE 2 2 L0 h, B4 LT\ 5 AlRetE
D REM HEIRFUICEE D BRSO 7 4 — RNy ZIRENFAE L, T L > TRE-
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BR =27 CORMERORZEFRNE FEENEX DI L 2R-ET5. LD L, FTURITER
B RN OOREANT EREN DD T 4 — RNy 7 ANEZT 55T, D2 2OREND D
74— RNy ZEFIIIMN TR S IV RO R STV D ATREMER @V & WV R 5.
ZIT, HRNSEREELE~DT 4 — K7 4+ U — REHB L OERERED DHRKR~D 7
A — RSy 7 Bt 2GR~ 72 NTT WFERT OWFE 248/ %  (Kondo and Kashino, 2009). Z#1
IX fMRI % W2 IEEREA A — > ZHIZED O L ST, EBRTIE, SRS EIRZ R L
BROBER B & BERARE (PWIBSIRIA, Medial Geniculate Body ; MGB) DRRIEE 2 FH37-. %
AR EERN & 1%, AR ORERD A B FTHRISNIZBEERINOZET, 1| DOFR
(S1; ABA-ABA-...) L LTHEZ 2720, 2212050k (S2; A-A-A-& B---B---) &
LTHZ 272035, —fRIZ, A-B BRIOEAEEGEIIREWIZESPN TR ST <,
INEWEE 1 DICF EFoTHREINRCTV. 6L, BAEZEEHFIT VWD L, B2
MANEDD (S105 82, FE 27156 S1) HANRHLZ ENMOLN TS, 2D L)
(2, IR EERNSIE, RO EEIEE L T iWnic bbb B9, B S 2 ()
AL (BZR) SELEEMAHO—FEE L THLATND.

ST, EBRTIEL,

1 JEAWEBGEDORE BB (2 FSNZ SN THZ 2070
2. JABEEAEO/NSTRENRTERIE (1 FNCE & o TR 2T 0)

D2FEORE AT L, B A TN LA I T THEREICHRE L TH LW, T0
L EDORERE L MGB OIFEhZFisk L=, fERE LT, EHLL0HIZEWTE, BEZ 27
HELLT WY =N T D L&, 77200, Fll1 OBEILSI D S218, Hli%2 o
BTS20 SHICHEZ 2R LT- & &, MGB ORIEEN LR D, iz, BEZ X 03 384E
LIZK WA =B kT2 L&, bbb, 1 OBEAITS2 006 SLIZ, il 2 08
LS S S2ITHEZ A MR LT & &, BERBFOMISED L35 Z LR gnroT-.

ZOFERIE, RN DRE~DT 4 — R7 4 U — FEFT, ABEENLHKZEBLTA-
TLDEEAN ML, FENPOHRIR~DT 4 — R3y 7 BGHIMMN AR R O A
KWed 52 L amed 2. FERBNCEBNT, SUR-EEMO7 4 — 74U — NEHRE
KT 4 — Ry 7 BN LD BIR THIUE, BRI & AR BRBE 2 R L CBLsE
HHROMBENEBEND L THREIND.

1.1.4 Bkt o7 v

RO Z MR 572012, & MEFHIRICT 2546, TOFIETIHRENZ2 L O
WZIRBILD. L L n, EREAFHNFE T, ZORZEROGMFRICERH D, M
DSR2 TR D IR AN S 5. D120, BT T L% H T3 B 2 ph R AT
FEIC— L EOBEIFAET D, 22T, Bo L TRHG OB N EBFIEOTT VBT
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DAL DDBREIC 2 5. ERIL, B oEmET L E LT, bold b ABHNLIT
& 7= (H.E.Jones, 2015). Ziuili

HEALRF e b EVITIERITENZ &

® L NIV WVoltBREEIL, EFICHELLREHAMT L AT 2LV, thodhifEic
RUVRHE A B, I BT, ATEHATE I O mREERE 2 =] 5 558 & U CReEE B S D K
WAL THD Z &

® Gk IE, BEBRBL LI B MMOX S ITH5GE LRI 2 A7 2 BRI 4F
HREIRESRED O E DL EZ BN TE-Z &

WEHELTETONS.

P E W2 B OMRAABIIZE & LT, Logothetis & DT 72~ F1 7 ¥ /L i R AR B
%ﬁﬁ%@&é(NKL%wmm1%9DALWWMJ%®.ﬁﬁﬁﬁﬁ%&@,&f@ﬁ

2Rl & DG &5 Lo 6, SRR RITZ L L2 WIc b b 63, a0 & -
“iwéﬁwﬁ%®@@wﬁhﬂﬁw#0,ﬁ@_ WCANEDLD LW I SERBIRTHS.
Logothetis H1%, ~H 7 VL ZHE L T, MPLEREOELLOEEE R THNDH DL
— BB L > T ST

FT, v FLDOULA—BENG, MENRGY DR OSM AT T2, £z, il
DIRICEFT2HEGBEO 2 F T2 NEESELE &L, v HI7PLOMEICED L 72
%@%521w5ﬂ%ﬁébt.%%&LT,EE@E% THl 2 DG A B S T2
~H 7P b e b ERU K ICHRGRERFHG AR L T\ D 2 &Rz,

KIZ Logothetis 513, TEERED ~ 7 7 VIOV P HRAAEF B AR & 1T > TV 5 BE O IEE)
RS Ok & e TN ORI L. R E LT,

& —LEEETIE, BIED 20%IF E DIV L ORI > THEEINELT 5, K
5y OHRITE OREFIZE T 2 PV ORBEITIEE A EBRR L EBH L0 OIROHE
B DRI BSOS LTz

o JERIERRTIKICET 5 MAgEE (ITH) O X5 2@mRERE T, &K 80%IEED
FHALAS YL DENR IS U7z fIC SOS LTz,

TAUD OFERIE, EERICHERE U 72 IS B TR B O RIS B 2 B e 2 & R 100% 52 AH B
L7 tifiEE 2 A 3 2 R R 7 SEIBUI A E L RN 2 &, RORFIT 100% k2 SRR L 724
RIEE 263 2RI 7K O A E L RN &2 EHT 5.
Logothetis & OAFFRICHIIVE, ERMIEICEET L2 W5

® ERMAERICE DS TV AL IEAS I MOMEEL, TOEMMENAT LI L
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® (LD EMVMFEIRBEIZBNT, b & ZF0EMWFENFE—O SRS 258 L T
W5HZ L& L A—EER EOITEINBRT L

ISILERATE LN Z D,

1.2 #9Eo BHY

Eik DN (Contests of consciousness) (X KMMEE IR G S I BLEMHRAOME AL & L12,
AR SN2 b0 LERL CaEma w5, RERKEETIE, M TAER S RIS/ B A
S>TL DERANERBFEIT 5 (KBRS D) 2 EI2E - T, Dt dEEBGRkER L T
L BEMROERA RN BRI D LET D, AR TIE, ORI, BEHRK-
REREZBERTEZY, BURNOEE~DT 4 — 74U — 8 (FF) S5 A T I
WS4, FENOHRIR~DT 4 — RXy 7 (FB) BTN THARL S AL 71 A B
D ARG AL Tz,

BT, BEREOEWNIL ST, ZOFF & FB OIFHRIBEDONT VAN, UTFD LD
28T % & PAREENL T,

. BELTWLLEX : FF niEEB# = FBinEREW
2. BERRTWLLEE : FF zEfl#H < FBizERB#
3. BT : FF {miEH# > FBmiElEH

AWFZETIE, Bt 1 &L 3 BICOVWTORIEZITY, KRGOV THRHTT 5. bk
2, 7y MRMEENTEFICER TS L, 1E/FLE 3FOBRIE, ML~V TGRS T
% (0. A. Imas, 2005; M. T. Alkire, 2008). Z DA D FF/FB ([ZOWTIE, FE N ORIk AElE
D> B ER BB~ DO et 23 FF, SR GER D> DR EIR A~ DO EEH 23 FB 7> T 5.

1.3 HWFFEOFEE

ARFFETIE, & U TR 72 &R ORI GEIR CAE R S 415 awareness 1 (M. Boly,
2017) 7%, MAR-FERICEBWT, AMRENO A T DERANERMLTND LI
MAMGET S, BREEICIE, ETAVEME LTIy FERAWDZ EEEZDH. IHIZ, invivo
BRAEMHFHNC XY, BERAR-FRERORFZEMB Y — &G0, 2oL X, FHHHE
DI T (B2 ARER AR TERVREE) TOT =27 Thel, BT (B
Wk DIEE) OFT —H BMBEARRRENVWZDTEAD. T, KL LTEZ TV D REIEEIS:
X, RN ORE~DT 4 — R 75U — RES BHEAT) &, RENLHKR~D7 4 —F
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Ny 7 gh (ATER SR LOBRICENRD LB AT,
FLHDHE, RHMEEIZIT,

L EROREREOEF B E LTS v b a BB OISR,
2. T NEEFES L OVRIE T C OG- B E O FHELR ORELES K ORI,
3. RE-ETRORHBOTN (W) 0 R,

4. TERRIRIE DM DR E A O B~ B BT,

DAFEAPMEZLEZOND.

7wk, FHT =200, RIRNOEE~DT 4 — R 7+ U — RE& - REHHRKR~D T
A — Ry 7 B OIREI N D IHHEE (R - ) 2 & &R 2t Bk e LT,
BE)—> h o v — (Transfer entropy) ZHH L7-.

1.4 Kim L DOERK

K, BARENOED.

F—E T, Ao R - BRYZ R~

BUFETIE, ATEE - AR RERCROBRGT LRI OV TR S.

BEFTIE, REET - BT THUR-BER2NGEHA T & 2 EZBR ORGH SHEFIZ OV TR~

N

FIUETIE, BEi— br—2 A CHRR-FEROE R Z 72 Z & C, MNTE#R
EAF NS DORETEATIBFE L TSR E B2 5.

HHE T, AFEEZRIEL, BHIEOEE - MBS - RS - fBRMREBZIZONTE &
5.

HAETIE, AFETHELNMRICOVWTHHRE LTE LD, @ik 5.
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Vv 7
2

2

B EREREDO T v
NSy

ARETIE, 7 v MEERMEOIIECHND Z & OZLHIC OV THREFT .

7w ML, SO COAMEEREICT » NI Iz 16 T ¥ U XA BUNEMRT LA
DAL, 2O LT, LAA—#EZL-> T, BHOEBRWEZ A 2 WMESE54 X7
& A7 &S L.

FERELT, 7y PRI XEZWMELEZLXE, E FOT 7 ERAEHRDO LD LOVDEDE
LTHLND P3ERHER I, — TR 228G Lol & X3, P3ITMER SN
Mol TOFERETE, Ty MRICHT 7 B AEMS AT AP FEL, 77 B AR K D IRK
EEZOND TERIBEZ Z0OMTES ) N7 v MRNICERSINL TS Z 2Rl 5. L
TR0, REBNG, BIMIEZ X ICBELT, 7y MIET B E LGl 5 BT
%.

¥, ETOEMERIL, FNMEEEB SO EKGE 215 T(RACI30107, RAC170005, JA19-2),
WO RF @ TR~ = =27 V) (ZHI - TERi L7z

2, KEO—RIL, HFEHOBERRORLELE L GEEY A M1D).
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2.1 EWEIFITAIED T T VEN DAt

EiRMEmEOMIEICE NUSN O EET LVE E L CRIRT 2858, £, ZoEimn
ERERLUEDICEROMTERBREEZ LT DINEIDEFRDLERD D, =L 21X, v
AW TCEBROMRIBMIEEZIT 2 BE1E, VA—BES T LVAFICMRHRE SE L
TIZE M EABRRITENZ R T 2 L OEFENEZE Th -7 (N. K. Logothetis, 1989; D. A.
Leopold, 1996). (LD RFLE T MITWHILA, b MAROEGRAMFEITE 2R3 725,
PO E A F I 7 AL MNUOF A F 7 ZTHBL, FELRERERE L T0Db &%
FANOND ZLEEW®T 5. 5%V, (1) MOMEREE, BLU 2) T8~ ro—
BN EBFEOTT VI OLESRMEE L TEITF LR,

ARFFETIX, T v b EERAMEIEOTT LI E LTIRS 222525, 7y MIE
FEEO X DR E LA 20 b 00, OO S IO T M. K
e T, (1) BMoEERIE, ) T8 ~vo—, 12z 3) MM L~ CORMIE
U, O 3 HAEEROMEFEOET VEME LTT v FEHWD Z EDEEITED
7. oF 0, BT HELZ T v MR L2 L X2, & b ERERZRITENE KX UMM E N
RO ONDNEHEND L. & MEE [FEROREIEZF> T v MK, BRI RREIZI VT
M UL TIRENDSE LT 570 6, BEERIETE AR T 5 & MRMHREEMN 7 v MRICH
FIETHEEZD.

ARETIE, 7> & (SPF, Wistar fii) |Z Noreport paradigm if&EHZFR L C, E7/LEME L
THEUNEREET 5. 72k, 7 MEATHRE LV bTEREMREY TH 5720, EikpI720E
ZxEMOT. bbb, B NOBEABERED L IIZ, 7y MIEPEIZ THHoARF
T L R—Z G REIHT, EIZAWMEIED. Z0LE, 7y MBI A 2WE
L7 & O, b MREMAMEZ#E L & & O & AR P3 IR SN,
IHIZ, 7y MBI X 2WME Lol e, M5 P3 A b MRBRICHERR S 178
FAUE, 7y ML T 7B AEBRPFAET D LMK CE S, 1 ETHRAZLIIL, TrEA
EaklE, TETWNT, ERRERGSER S, £o% (O—E) MPREHENST 7' A
THZEILESTHNT D) EBZ2bND. LEEB-T, T7EBR - a3y v AR ANRGFIE
TLEWMGICIE, ERRAIN RGN T DR ESR N T 2 B2 6D, BEEICIT,

o T MIAMEAMESELND LD RERR LA AT M T b aL
DIEEL
® IEICEIELZT v kORI &R

D 2 BRI S AT DEMET BUER BB, WHIC, EBRITHE L= ERRICS0T
5.



F2E EMAVAEBREERO T v MK ORGE 28

2.2 ZEBRR O

E)ﬂ?@?ﬁ/\7 v hFEAEE  (TaskForcer, /NRIEFIESE (BR)) ZduE L, 7 v M 2%
WZHEE LT, BEEEACELTWD) 7y MUBHIED SRR E 2 51l T X 5 ZRR %
er L7z (Fig.2.1). ZOFECLE, BEBROMEST v FE A —h & OAERBFROM
O TE D, 612, REFRIZIE, 7 v MIEBETRER L A=DIRV T onTn5
FEBREDIRE LIZAA I T T, 7y MR UL A—ZRIETIIE, L= bl s LT
KEHLTT vy MTHEADZENTEDL. ZHUZE- T, ERE-TEd L2 L AA—%51TI1F,
W E L TKREEZDND AT o FEEHTIIEEZ 7 > MaiitiE, EREIXT v Fo
B 22 L N—EECHESIED Z L TE 5 (R Kimura, 2012).

2.3 FEBYE(H

FEBHER & LT, 7 v MARIBEEORRE EIZ 16 T v » /N EMT LA (Fig. 2.2¢,

(BR) 2 =—27 AT ¢ V) ZHROIAT, FER B D~ A 7 v BB N4 (micro-electrocorticogram;
UECoG) DEMEFHHIZ FIREIC L. 7ed8, ZOBEWILT v MNER T 27 5 ol 1 XI2i%E
Sz, ERR TR S5 BB (ECoG) DFHAIRIZIEA, KREFRFZOEMY A ALHE
MRS NS WD, KREMRTEHH S -MRRE S, B8H O ECoG & I1EX] L T uECoG
LS.

2.3.1 EAROHRL T

FBRIZIZA A D Wistar 7~ b (9-13 #ln, 290 -330g) ZfiH L7,

£, 7 v NEERIC 3D 77V & CHRUE UGS EE RO N 217 - 72, T, A
VINT CRETTC, Ty NEEZ EACAEEICEE U B CFEM L. BRFER AL, BARE
ZIE 5%, HEFFRFIZIZ 2 %lCFFE L. 1To 2RO FIRIZLL TO@EY Th .

1. U R A 2 CHEIAEZ R T RREE Bzr: I L CHATE R & 5 1.

2. WARH RUAERWT, AFHIEFICES 1lmm ORERT, EEEMHRE LTAT LA
Ho> MI1xL3 22 U % ffiffE] J‘*ﬁﬁ‘é £ O ITRRE.

3. BEAEASIC, [FEEIC MIXL2 R U a2 #Em s L T

4. BEERIGFENC 2 AP, EFERC 1 HET, BEEEAIC] mﬁ MIXL3 aL&T v —& L
CHAA.

5. RUBRICEEZEE LR (A—"—KRF C&B vy b, Yo AF 4L (KR )
(2 TR,
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water (reward)

Fig 2.1 Design of Experimental System

Schema of whole system. The setup consisted of a lever unit, a head-fix attachment, a cylinder to
restrain the body movement of rat, a speaker, a lamp, and a neural activity measurement unit. The
head-fix attachment was implanted on to the skull to hold the head of test subject. The test subject
was deprived of water for 2 days before the experiment. Appropriate manipulation of the lever
placed in front of the rat arm was associated with a reward of 10-uL water droplet, which was
provided through the tip of lever. To get familiar with our setup, the rat was first trained to pull the
lever after waiting for a while with the lever leaving.
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(@)

.artiﬁcial dura mater
side chamber

Fig. 2.2 Head attachment and electrode array

(a) Detailed design of the head attachment and side chamber. These parts were fabricated by a 3D
printer. The head attachment was fixed on a skull by anchoring screw and dental resin. Two of
those anchors were used as a reference and grand electrode. The array was implanted epidurally
on the right auditory cortex, and fixed by a 300-pm-thick artificial dura mater and the side chamber.
The array was then completely sealed by dental impression material. (b) Magnification of the head-
fix attachment. (c) Magnification of the electrode array. The array consisted of 4x4 platinum
electrodes with inter-electrode distances of 1 mm. (d) Detachment of the head-fix attachment and
electrode array. Our design allowed reuse of the array.
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6. 3D 7V XBOGEEEE R (Fig22a) Z2WAHLY Y (=772 7 v R, ()
U—3i—) THEE.

WIZ, pECoG T LA ZMAE L7=. [F7 LA IXEAL 025 mm O HBEMN G0, 4x4
DENRF ﬁﬁﬁ%lmnfM%éMTwé(mgno 7eds, HUEINTRIX, T v b ORNE
M—TEIRD I & T, MFEIC L 2HBENTTELZHT-DIZ D-v = b= ZBFIR D
R Lc, 7 LA O FIRIILL TO@EY Thb.

[am—

U R A > CHIRIEEES 2 R TRk t:, A IRIEER 36 & O 2 BIER.

2. WRH RUAEHWCBABEL, AIgESEZ #& .

3. MR RICEMT LA Z%E. 7V v 7 BT 5 RINE S, AR R L
TWDHZ & AR

4. AT (EPTFE /Ny 1, BA=IT (#R)) TEMZOTeX > I2E, HE L AT
Pz R AR R b U, SBmAE MR IR LTl - BE L.

5. 3D7 VU EABDY A KF v 3— (Fig2.2a) ZEAHRBMEEEICK L TRUED.

6. YA NFrv o _"—EnLwWBHREAl (Fr b a—rv, (#K) RE) Z2HnTEH
A.

7. T MIEEERAl (WeRxTy) EHUER (B2 ) v) ks

8. 60WODHEEIRAMNI LTI v FERORNP ORI T, Fi T

7%, WEHHSEANIED Sk LS ATREZR 7o 6D, FEBRIE T1%, BHEE R4 7 v FEEN D
ST, BRI AEECH 72 (Fig. 2.2d).

2.3.2 FEEREEE A~ O FBI LA

HIREFirt%, 2 B REIOWREIIRE, 4 BEO N> RY > 7 I, 2 B OMK I 2320 7.
MK, 7y FOKEFHIB LY, BRICK 25—V NOTE8IE 2 m A FEm L,
FEREDMERFIC S O 72, kIR, 4T v FERREEIC, EETEEE2 M LTI v b e
[EE L7 (Fig. 2.2ab). ZEEIZEE I NTT v MIRTHFO L AA—Z2 @I #ET 5 2 & T,
LRI bR EFON D, kST v ML, bo3—n Eﬁt#uén%ﬂkﬁkiﬁﬁ}lk&
D720, FEBEDOFEFREMNIL LIz UAN—BEE T v MIFIFR - FH S DL N TES.
AKIT1EIZ10 UL 52605, 7y ME1 BIZ10 mLIFEKERTe &, KOHRMHEITIK
TF 5. LEER-7T, 1 HIZ 1000 ENEERITE R SEOND. £, Ty hEEEED
MERRNZEDLRNDT, 7y MIBEEZERRRMIZKSERT V. 207D, T
N OFRAITEERADOIEH 2 M C &, ZhRa07e3Ii 2 B TX 5.
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Fig. 2.3 Hearing test in rats

(a) Design of experiment. (b) Flow chart. The hearing test consisted of 90% of Go trial and 10%
of Nogo trial. In Go trial, the rat had to pull the lever within 0.7 sec at the presentation of
conditioned sound (CS; 100-ms pure tone burst of 16 kHz). Lever pulling before CS was labeled
as false positive (FP). Correct lever pulling after CS was labeled as true positive (TP). Absence of
lever pulling after CS was labeled as false negative (FN). In Nogo trial, where no CS was provided,
the rat had to wait until the trial end. The intensity of CS depended on the performance in the last
20 trials. When TP rate (TPR) was over 80%, a sound pressure level (SPL) decreased in a stepwise
manner. When TPR was below 60%, SPL increased stepwise. (c) Representative data showing SPL
transition in the hearing test. Intensity converged to 35 dB SPL, which corresponded to the
audibility threshold of the rat. (d) Performance in the hearing test. (¢) Reaction time of lever pulling
as a function of SPL.
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2.4 FEBr
241 AT AT B W TEE ) HE R

LA—EEIZBHb L2 T v MZ, BOERBRICLA—ZE|IK EARBEBR DT LaPHE S
+72. 20 dB SPL (sound pressure level in dB re. 20 uPa) DO EHMEH T C, A% 16 kHz,
JE60 dB, 5 LAY - 3LV 0.5 ms, FFRERFHE 100 ms OFF b — /=2 b ZHURE &
LR Lz, 3T E D DN SR E XM (Inter trial interval; ITI) & LT 0.5 P& 5%
J7z. TZTHRARET —Z DALy N AN AT ODERPREIND. FAZIE 90%D
MR CHESRM (Go #17), 10%DMER THE SR (Nogo #AT) IZhhiLd. AESRMED
B, HHIXMED 0.5 - 4.0 BPOFATT VX AIRESND. 22Ty MRAEEZHFLE
NI L N—%5| < (false positive; FP) &, X A7 OIRFEITITI ITRAD. S HIZEIE LT,
ITI (8 D 0.5 b 3.5 Iz LT, ITIOMZ A B384 L, 7y MC#HrR%E
H2%. ZO%EZAZIIHOLXMNORVEIND. FFHRHEFIZ L AA=RE2vd 720 &,
AE—=HDLENMERIND. TR 100- 800 ms @ 700 ms I L o3—%& 511X

(Go #1T), & L TKRNEZBS (true positive; TP). 7235, Eiern4E25 100 ms
ETIZLNA—ZB|WA, BFICRTHRIEE LTIFIBES7-0 FP & Liz. SHerbth
5 800ms E TLAN—%7|) - 72551%, false negative (FN) & L7 (Fig.2.3a,b). 72
B, 7y M EEHELENTICL =25 < BGMESR (false positive rate; FPR) % FPR=FP
/ (FP+TP+FN) x100 & L CHH L 7.

ERETIE UL A—ZEEL T b0, B L THEIEZ2vwa, BIEL bR
OB UL, BEESEOXEIE, s feb X E FERIC 0.5 - 4.0 O TT v ¥ A
WZHRE L7 (Fig.23ab). b LEEZME U ONT, YL AA—Z2F[NTWHRD, M
KMEOREIH (Nogo correctrate) 1%, FPR DEIZIEEIT 213 TH L. b DOFllfHIL, FPR
23 50%LL FIZHUAR L, 7> Nogo correctrate K W /NS < 7eo7c & X T L7, FlAEE T
LTy MIFEZHAIIL TLAA—=%28[175 32 5.

AAEFTET LT > MR LT, R0 EELAEIGMICE b SH 5 2 & ¢, aEEER
B FE Lz, $#ng s s LT 70, 50, 40, 35, 30, 25dBSPL ® 6 2% #fi L, 70dB
SPL 72 bR L7z, 100 [BILL B[R CEEDOHRE Z i Licik, HIT 20 BATOIEZE R (true
positive rate; TPR) 7% 80%4 8 2 CWALITIR TR EEL 1 BRI/ E< L, 60%% FEIS &42R
BHEAEZ 1 BERES L, ZRUSNOGEITEEEZE R R >72. TPR X, BR#RINTZ
ITOAHZEIZE L, TPR=TP/(TP+FN)x100 THH L7=. ZO7 /L3 Y X AIZHIFUE, 39T
ZEND TR EEILT v FOREE ERMEANT IR 5. Zeds, #ERIZ 20dB SPL
DIEFHET T TITo72. F7=2, FEBRANZ 1/4 4 > F~A 7 (Briiel and Kjaer, 4939) % H\>,
7 v NOEMHEOEEREA I L7z, AEBRTIX, 70, 50, 40, 35dB SPL @ 4 fEfHD
HIEO RGNS, £?D 9% 70 dB SPL 1% 288 [A], 50 dB SPL 7% 113 [7], 40 dB SPL
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i
[\S)
1

75 286 [0, 35dBSPL (X270 [MITH-~7=. £7-, 40dB SPL ® 13 [6]3 L 0} 35dB SPL @ 105
[E%, FHIRBIC L AA—Z 3 7eaRME (FN) Tholz, R BEOHBZ L5 &, R
%12 40dB SPL & 35dBSPL IZHERBITER L TND Z &G, Z0OT v b alEEERE
I%35dB SPL {172 & 5372 % (Fig. 2.3¢). R EEZEDONRT 4 —~v U A% A5 &, 40dB
SPL 7% 35 dB SPL (227 T TPR 35 L TY Nogo correct rate 28 & HIZ K& < F239D, FPR 23
EHLTWS (Fig23d). ZDZ &5, 35dBSPL OFIXMS T35 <, B TlE4Ic
N—% G| < EENHE 2722 L2350 %, 7272 L, TPR ¥ X O Nogo correctrate DfiiL FPR &
Lo HERENZEND, 7y MIRBIZT VX AL AA—EF TV abl T, ##
TAEEEE DT CWERITL D L E XS,

if:, ENENOEEDOERREND L AA—% 5| < £ TOUSREIL, R EEN TR D

WCHEICEL 2o 7= (Fig.2.3e). — 7, & FOBEIBREICBWTY, #ERFENTRD

EEBICHISHNELS R Z NN TVWEZ 0D, BIRETIIE FET v R
ITENL L TO—EN R OND Z LRSS NT.

242 X A7 LITEEARFIRT

WEHEE TR O% B, —ERWCHERM AR LB LFP Z &+l L7z, 20 dB SPL @
MESE T T, AW 4kHz, 5FE 60dB, S2H B3V < STV 0.5ms, FipehiiE 100ms Ol
f—r "= &1 BPBXICT10 57y MIfERLE, Z0&E, 7y MIBHIZLAA—
ERECTEDLHICLE.

® L A=K AW
0 HLIIFHILAVW—EDHEA I TARNH DS,

D2 FEZOWTERZENFH AT T,

2.5 AMIZEHH]

AHEITIX, AEBRIZEY pECoG AABMEFHHI L, FRE: T3 X OVREEE T CORMA I ENL

(Auditory evoked potential; AEP) 7235725 Z &, VA*?SM/E LEDHMEMENS T PO
WREEEZTAIOND Z &, I 612, BEMTORBEICR L, fME Rt c&2#iTL T
R o T AT TR OFPIRIEEN N R 5 2 L 2R T
HECoG AR T OMRRIEENFHANZ X, 128ch Cerebus Data Acquisition System (Cyberkinetics Inc.
Salt Lake City, UT, USA) Zffi ] L7z, FHAEEEIZ LV, F35HMEM & SEHEEMONIERE 5
23 1000 {512 ZEBIEME S 4L, 0.3 -7,500 Hz O 7 F 1 780 RSRA 7 4 VXS =%, 16
By hOSRRE (250 nV O/ IMEEE) T30 kHz B> 7 U VU FRBEST AD B S 5.
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(a) anes. P1 map (b) (1) awake P1 map (2) awake P2-N1 map
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Fig. 2.4 Auditory evoked potential in the auditory cortex of rat

(a) Click-evoked AEP mapping under anesthesia. AEPs were measured with 4x4 electrode. Black
lines depicted click-evoked AEP with grand average of 120 trials. Each waveform was placed in
accord with the position of electrode. Three-dimensional surface plot depicted a spatial
distribution of P1 peaks in AEP, which was smoothed by a Gaussian filter. Activation foci were
observed in both A1 and AAF. (b) Click-evoked AEP mapping under awaken condition. Three-
dimensional surface plot depicted a spatial distribution of P1 peaks in AEP (i), and a distribution
of P2-N1 complex (ii). P1 amplitude exhibited an activation focus in AAF, while P2-N1 complex,

inAl.
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FD%, 03-500Hz DF T H NN RNRAT 4 VE BT THEOLNAESY RFTESEN
(Local Field Potential; LFP) & LT 1 kHz ¥ > 7V o J I Citdk L7

2.5.1 FREET - TEE T TO AEP

7 v MEIEEAOFEER IO ANA—EEICE L S 7%, FEE T &I T C pnECoG i
2D AEP ZEHAl L7z, Bl L TS E2Eh 7 ) v 7 E%2 7 v MlJ7 10 cm (2R
BELZAE =005 1 BRI T 120 BHER L2, #HNE, REEF CiTo7etk, A Y 7T
R R TIT o 72

IR LS R R A B e sl 7 v Mg, BRI &1 120 3T 2 MEFEE LT,
HHIEBALE D 100 ms £ TOWH) AEP EIIZOWT, FEMO B — 7 fRiE D 2Z [ 7547 X
(Z2fil~ > ) %457, ZE~ v 72 AUET 272012, EAREE SRS Lo B — 7 IR0
AN T T o7 4V Z EfE L, Rk Uiz, Fig. 2412, &EMO, EEICHG LT
¥) ABP W L ZEfl~ v 7 L 2 EE L ORT. i~ v 7 EO AEP I, FEEEOEMEL
& &%t LIZALEIC R R Uiz, BB T OISEE BICmo B e —2 (P1) 23 20ms {312 1
DLW, —J, BEET TIL Pl O%IZ, Tiomottey—2s (N1) LBty —2 (P2)
e . MREE T O PL ~ > 7 TIE, i b ZEMM e KME A5 b e (Fig.2.4a). Zh
B, B o 7 RO —RIERE (A1) SRR (AAF) IZxhtd 2. %EE T T, Pl
~ v 7 TlL AAF OLENNS, P2-N1 ~ v 7 TIX Al OALENDS, TREN, WAMEEE-
(Fig 2.4b) .

D DORERMNG, BT MNEREZED KO ITERE SN TND Z &5, iR
FHITIE, Al S AAF b, BURDPOEBANZZIT a7 HEkEEZEX DILTWD, HEF
M OBERED ZFIT LT/ > TRV, REBRTRLIEL DI, BT & HEE T T AEP
DIGFERZ — NIRRT 2 LD, 5%, REERHIOT — 213, #5HE OMREZEDRIIC
BT L EHFFTES.

2.5.2 BESFRERTO AEP

R L7z WECoG FEARDN HRE I HEELERHF O LFP & RIFFZEHIL, & EEIZHIT 5 AEP
MWED X IR DT, Fig. 2.5a 12, BEHHEEEBRF OXIRGEIZBIT S AEP O
g RO (B HERBRAATR 100ms £ TOIGE) 27, 723, T2 TR LIZEIBITT T,
AAF EOEMN BTz, IRADIFIILFRIT TOINE %2, FREAOFEFRITEHITOFL
R LTWD. WRITETERMBGRAErIZ2 D L 9i1cA 78y F L7z, 35dBSPL 2
725 L PR ENBEINES L 2o TWVDH T ENG0D.
Fig. 2.5b 12, &R TOFEET TOEMRFOFRIT (TP) F L U35 dB SPL D EFHR/RIFO AN IEE
K D#AT (FN) O At USRI THE Lz, RN D, R gERRE VL,
AEP ORIENKE L, BRELENZ EN005. UL, ARO LoN—5| X EED G FRE
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Fig. 2.5 SPL-dependent AEP

(a) AEPs at the indicated SPL. Gray line, single trial; and red line, the grand average. AEP from
an electrode in AAF was shown. (¢) AEP in correct trials at each SPL and AEP in miss trials at 35
dB SPL. The latency shortened and amplitude increased with SPL. AEP between correct trials
and miss trials at 35 dB SPL had slight difference with the largest difference at 60 ms, but this
difference did not reach the statistical significance. (¢) Grand averaged AEPs within 1500-ms post
stimulus latency. AEPs in correct trials at the indicated SPL and AEP in miss trials at 35 dB SPL.
AEP in correct trials was characterized as having P3 and late slow downward convex waves. At
35 dB SPL, AEP amplitude in correct trials exhibited statistically significant difference from that
in miss trials during 100 - 250 ms (P3) and 300 - 1500 ms (late slow wave).
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MORERLEFE LRV, F7=, 35 dB SPL OEFHFRIFD EME « NIRRT D -] AEP %
g% &, WHEOERIIEAE 60 ms (I TRARIZ/R DA, Mt 2RI3580 b
Mol (t ME, P>0.05).

WIZ, Fig. 2.5¢ TiX, EHoR%E 1.5 BE TORERFO AEP ICEH L, &%/E CTOEMR:
DI AEP 35 X O35 dB SPL CTOARNIEfRIF DY AEP % bl L=, 1B ORIT TIds
FER1% 160 -260 ms FHITICKERIEOE—2 (P3) 23BL, HHER% 580 - 1370 ms {TT1C
o2y (late slow wave) 3R B2, 246 ORI 223 1% 35dB SPL T D N IEfi#
RF D t5) AEP (ZIXBLN Ry 7z, BRSO & [FIRRIZ, 35 dB SPL D IEfiF « RNIEfRORAT
R DSOGIRNIE 2 Ims T &R LT < &, FiR# 100-250 ms, 300 - 1500ms CTHj#(Z
a2 A EZZRD T (t BE, P<0.05).

253 F A7 SITEBMRIREICKTT D AEP

WEHEEFBRO% A, —ERMTERMZ#E7R L7cBEo LFP Z5Hil L7-. 20 dB SPL @
MET T C, BAORBRTCHER L h—0 =2 M E TR EAEE 2B 4 kHz O F—
YN MEZ D BBEIZI0 STy MR LE. 20L& E, Ty PO LRI
IR <, L= BAKNHZR NS (Task-irrelevant & Nowater) &, & & iZFEHEI L7gv—
TEDHA I 7 TP DM (Task-irrelevant & Water) @ 2 -0 F Catill2#1T7-o72. &H
HOFEMEDE XS, BIGERZIZT v P b BEIRRERZIZ L A= 5[0 TN, RN THSD
LX— 8 & il OK) OFICBIENR N2 SR DSNWT, LA—ZEET 52 L2 1kdiz.

D& EDIIRFITHT D AEP & Fig. 2.6 (R T. fERE LT, EL50%M40LE X HF
¥ AEP 12134ty MEIGMTIFRO HNDHH DD, P3 0 late slow wave (X42 U7 o7=.

26 TTILEMW)E L CORG

BRI T, ERIC O 2 RITECHIE S BRI DOIE - 7o & & OBt E) (Neural
Correlates of Consciousness; NCCs) IIH < MHFARONTE ., T DOEITHIETREN
TELHEDNT v P THRDOOLNDH T &Y, RKRETRINT.

F—1Z, BEIMAIZIT D 35 dB SPL TO AEP OHIERERNEL T v b3 LR —% 5[z
AT (35dBcorrect) & L X—Z B 20072317 (35dBmiss) T, BEEZRORNoT-

(Fig.2.5a). ZAuid, BIEEZ OHFEREEONE, EREMRIEZ 2 2 s L TV 2RV A REME &
XFFT 5.

% 1T, Fig. 2.5¢ TR LIZREBRBUS T, 7 v B L AA=Z5|WaITIZBN D P3
R P3 & D late slow wave 25, ZILEILL /=% 50320 e ITIZH L CHEZZR D
o, THNODORTE, BRI 2 2L TS AlEEMED & 5. Dehaene © @D Global
workspace theory (S. Dehaene, 2006; B. J. Baars, 2013) (Z2X 5 &, R CULER S 7= BIPE A
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Fig. 2.6 Task-irrelevant AEP

Long-latency AEP depending on task. At audible SPL, grand-averaged AEPs in response to task-
irrelevant 4-kHz pure tone burst (solid lines) are different from task-relevant 16 kHz tone burst
(dotted line) in long-latency components.
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SHTASE/AIEARTEF O R » b U — 27 2G93 5 & &, G RN SRR S BRI
OMfFHT BN5. TORE, BN TIP3 IE° P300 & W72l nElillsnsg. £z, Kb
WX D ERREICHIBIE SRS 7 4 — RNy 7 &3, RIS OICHET S22 EbmbnT
W5, ZHIHOHEE, ARIBIIISNTET v FOPIEORMEAELTEBY, B EFREE
DB T 2HEIEEN R T > FOMNTHAEL TS Z L2 XFFT 5. 72720, P3
DE—THENT v hO L AR—%B|\W\WeX A 7 (Fig.23e) CIEEF—HTHZL2EEALD
&, P3 AE D late slow wave [ZEFRICHB T 2 RIEEILISMC G, LX—5 EEEKER
HEDKEE 2% G EBEZLND.

—J5, Fig. 2.6 TR L2 & 9 (WM & B L TRV SR <X, ARG E 28 2 <
WTH P3ITHER CE ot Yy MNRGIIHR TE S Z &nn, SFHERITER
WCEREIXILTWD., ZRUCHBED LT P3RS N WER E LT TO 2 DO AHENME
NHEZHLND.

(1) Z v FOEBEDFIZHIWNTWRNW O EFHBEEKIZOIE > Tu7Zeu.
(2) Z v DOBEFRVAREICIIEE L TWAD, L= E28EZ LT, i
SHRTE ASERTE S P3N STV,

AHEME (1) O X9 72p8lg L LT, LS TIY, inattentional blindness 2351 H AL TV 5. =
DOBZETIE, HENRHNTHRNE, BN TH- THORBENR R 2D, T & FERL,
ARFRTIE, W& B L TR WEIZIZ T v FOEEDS MY, RIS 722 0IREE,
3725, linattentional deathess] NEEX TWAH LEEZ HND. —RIICIEERE & 7 5 DIXFITEE
AP CH Y, 7 v MIt MOVIUICHATRIGARTEF I 0O T/ SV, 20728, FEE
M52 EDOTELHR LMD T, RN L2V IZEE 2 ENT 220
I E THWD 00 Lit7e.

F 7z, ATREME (2) I231F 72 L 918, P3 I LA — b EEKICEbD S TOOHRISENTH Y,
B AT OMBITEIIKB IS T RN B X615, B MDA, No report
paradigm O & L THIBILTWD. K2, T v ME T2 27 &I3HEEAR L ERRIER) I8
WT, L= SRV (Task-irrelevant & No water), & & IXFHI L2 W—ED X
A I TP DM (Task-irrelevant & Water) D &6 HIZEBWTE, EEROFIHIERE T
XL A=%D X5 RO R B, REBICFIGSHRIER LIz, ZORENGEART, 7 v b
X, FICRAAN T3 LTz, P3 ERHZRWE MRS 5 0 ERE Bbh
%.

WTIUCE L, EERPATERREEICE T 5 7 v b OITEI OBl KON OINE X ENE
e b (M.A.Pitts, 2014) IZEELLL TWA. UL EOEBRERLZZITT, Ty MIbdi &
BT VA y ARRAIFIEL, TOT 7B AR TH D EHROATHITT ~ NN
THERENTND. T7bb, 7y ME, 7y NEAOEBRWATREREZ LT, Eikm
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HEROET VEMW L L CTREEITH D LHkrEns.
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T 5. RIS, AR THOLNTZMANS, ERIZZMENERLIND & EORPAET V%
BETD.
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50 HEDOFELED

AWFIEX, BT NERE SNWDMNA =X LOMAZ BN E Lo, EiOHERmTH
% Global Neural Workspace theory X°, & D JEIAFIEIC LiviE, ittt FEGHEER L T b
HEBIE, T RMEE ORI (1RBA%E) T awareness (RO X) @ Emkahsd (M
Boly, 2017). 4% S 417- awareness (2% L C, RISARTE 2 & Ee BB @RI A 7 7 B A3
L (FEELEMT D) Z & THBOSERICOIZ S, AFETIE, 2o INEELREIVUIED
T EDTELHPHDFNTA ; awareness 18] DIEK Z Z N EHROATEOETH Y, EilkD
NEZIRET DD EEZ, ZNEHALNITXSLTD 4 HBIZOWTHRIEEZIT > 72,

BT REICETNVEME LTS v F2RAWEE OIS

7 v MREET - BRERT TORRREAR-BE R OF R ORI X URHE.
By b v B —RIZ X D BUR-BE RO BRI O E &

BRI OBV DER-BE R OE BRI~ RIE SR EOFH.

B » b=

FHEHAOFHEMILLTO@EY Th-oTz.

(1) BEROMEFREICETLVEME LTI v bZAVWEEA O,

AWFFEITAHEE LT, 7y MCHERIFE > TV D EWHIRED S L L EEDT-. ZD
AIEDNETH D ITFEARATRE TH 5728, iam L7V, 7 > MEAS awareness 1 DAL &
LCWDMMEREND DT, Ty MIHMEHREREZR L. 7y MR EZRE S ¥
XD ERN, Ty MR T 7 ERAE#EE L ONE I, TRbL, RRTEHRIND
awareness fIC7 7 B AL TH A7 &2 Z72% (i) 32 & &2t MNKFRBEDISEZ S 27
e DT,

FTNE, Ty FEFICHE LZBEER AN LTCT v FEEEICHR L BT, LoN—#E
IRV AMREZWESELFRREHE L. 7 v ML, HO1UDMRIFICZ 16 Fv %
JV UECoG T LA ZMEEICEET 2 X 5 ITHIATe Z & C, MRFREOMIEE Z 5 T %
XolzLr.

7 v M, BURBERRZRICL =25, e L TR 56D 2 L aFE ST
To. FEPET L L2 L, %A, RIS TRREENSZET 571 haricsk
BLT, IMEENSFHI L7,

REEICKT 5 L AA—DINEREZ D &, EENTRL LINERBNIES 2D Z
ENgholo. ZOMMIE, B FOBENBRETHRETHY, LT, 7y bk M
FRICHER 2 /10 LT AR E FZRICB W CRBROATEI A T 2 E N FEFETE /2. A T,
HRZHE LT AR 2 S Lo e ITONRIEE 2~ 5 &, AR 2 s Lo
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ITTOHP3 AR TE .

%H, EPEoTd LI L AN—EE T HHINA 5 2 22\, il 2 BEBIR A H R & T
TOMREFRISE LRI L. $5&, ZOHRATIE, P3 EITHRETERhoTc. T
DORIEE) (P3EDOHIE) I[ZOWTIE, & MIBITH [AR7FEEE inattentional blindness ] S5k
TOMERELFRFETH -, B FOBFED THIKICKONWT, #E LESA) 04 P3 K
DGR S, TRONWTYH, #E Lo lmh ] X (RO 720> 6] 1L P3N TR
mofe. Lieho T, MEws (77 v AEMEME) 2B\ Ty hOMIEENTE N &R
ThDHI ENFEFETE T,

VI EDFERNRIETHZ EE LT, 7y MTHER I L awareness IZT 7B AT 52
& CRREZRTZ ATREIC T2 7 7 ¥ A B AE X2 MRS DA ET S, LB ->T, v b
EEMWMROTTAEME L TR TH LS 572 LMW LTz,

(2) vy MREET - BET COREREER-FERDOFHHIRORMELIS I OFH.
F—EAD T v WO REEET « B FI2BI1T 2 BERARR-FE 3R D% m mRFES A F G
DFEBRREZEH L=, i,

Z v NEEEROEE 2/ L CEEICET 5.
o FTEyu—TRIAHOIZHEZFICET, MEA2REL/ZET, PDMS v— FTH &L
#%H, PDMS End Fa—7 %8l A L CaHl 1T 9.

D2 RICEVER L. FREEORAFZE R 5700, GBI OFHINITER T Tt
L, ZOFEA Y I7NVT RGIRREZ T 5 2 & T, BT COFHIIICRBAT LT
RHURERZE LD &, TBEET « BRI T OIRRRIC L 2 B RIS E (213,

® FUENICIIT D LFP (XREE T D0, B FIZHATRHERICEB L, JRIE S 415 K
(ZA) =Lt RSYINAN
ARA 7 BRI LD SOSBEITER R, HUR & b ICHEER T O 3MR.

0 JEEDZREBIIFHEE T O MRREET X0 8 KE v,

EWVOEWRDH D Z LERH LN o7 KR, REETOLRMIET LY bRNWI A 22T
—/VTHEEMTON DRI, EakA 7 L EY, B2 LY 3005 &
WOHIRLEBEE L TWe, ZhiE, REE T CORENELL BN TEY, HELLERPEH
ICRDFEHLODE D EWVWR D,

(3) BEI— . b o B —EIC X AHEKR-FE R OBHIT D E EFEAM.
in vivo BEAAEBEHANC £ 0 & DN R RR-R R E R DORFERIF kR Z — & LT,
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B#h— . ho vt — (Transfer entropy) 12XV, TURNORE~DT 4 — K7 4 U — NG -
BEINOHIRASD 7 ¢ — Ry 7 Bt « BFENES O RIEOREE I L OSRE (FHiT)
EREAM L7z, £90E, 7 v MREM TR T 2 EHiEE 5 2 2B RIGE & B E 5 &
W HEFIEEID 2 DOBA I DU THET AR - B2 - % O 8 2 3 FAfh L 7=

RSB RO IE RN T, FURMEFIE LTI o X, HE4EICHEREREL T
B, RE4@IHEREZTR-72d &, MOREEERICETEZEZEL TS Z ERPL
W7ol ZHUE, WMEOHHIFHIHMRLE AR LIHERTHY, KFEOHNL L&
RET A BT o T,

E DI, FHBRIGE & BRIGBOFRE S T 5 &, FRISE T, HHRITREN
WZRE 23 8, SIS0, BIICE TIEERIIEE 23 Biciino< Z & fal iz,
INHOZ &I, A (BUR) MHDIFE - TE BRI S BosRiaziiE e L TREDM
SEIR RS, — 5T, SN SRS A > TRV AT RE 2/3 J8 O SEAHII N S /7
BEHILOXy U= ICEREGET D EWV-72 L 918, BHRIGET—FRRRLZ &
TRET S,

F7o, BEREIL, 10ms BEORHENZTIA L CTEREZETD. KENZET L5
B, FEWNITFET 2 U B Lo M RPTEEIC & 0 RFEbEZ & - 72 IF RO 25 & fTEEIC
mHEBZLND. £z, ZORRIEL, RATEEA IO S BRICHR SN D T o~ KOk
%2 5 FHMPAST TVDH EZXLND. MA T, BREREMPEET 2HHREICITE
LOEMA LN, KMESNDFEHREIL BE/ —NED LOFEKIA I TONZ—0
—HETHNEHHIFE, K& D, LEER-T, FENOEREZ I - 2R OFE k< H
—UWELSIAET HZ ERMAZD.

— 5T, HKIT 1 ms OFFHENTHEREZET 57 1%L, ZETE HHEREDRH
EEBITHET D EWVD ZERHA LN o7z, FEDDRIRA~OFEENL, FARMIZH S
T AVEOBHE TR Lo TWDHTe®), ZO LI RFERPGEONTZbDEEZBND. S HIT,
MR DOERETHHEREIIRE S X BN o7, Zhid, SIEHO =2 —a Bk LT
bé, ML= a—aORKEA IV TITAETHLIBERPYERIHFET D EEZ
Lbivs.

(4) BERREROENBEUR-BE R OERT~RIE T ZEOT.

7 v FOEMIREBOZIC L - T, WRER-EEROBERIKN ED X S ICEbT 20%
FRT= FT, KEMRHIPL (vagus nerve stimulation; VNS) #E&E 4 7 » MANIZHLDIAA,
JRIE T CEEh L 72 & 2 ORI OZ b 2~ 7. VNSIZIRE S H B AT LT, /T K
LY ook r h=r 2 WS, BE - BUE T ORFTHI IR IEE) o [ A RS 5 LA
HITWD. £72, VNSHIFHZE OREBEEECRLIERE I 23 5 2 & SRR 072> TH
O, EMEEFOMANLEENTHLWISH ThoT. fiFE LTI, B E W 55,
BRICRE2BBICEZET I ETORKICOWTRHEABEN LA L, BEFRELKELA
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STV, 7o, BEBEICBWTL, FEEIZHEE L TV HRIED, (REFHREIC OV

TiE, BREE»BHK AOD%;%E%ECEU&%’ME_ﬂé{aLfb\éﬁ’-é&%@ﬁ@ﬂ:ﬁ?Eﬁof:. —
75T, ARIEEPICIE, RE4AE D L <IZ6E D DR ~DOREE CHERERIRE A% E OF B 72
DD B, &%ﬁﬂmﬁ@ﬁ%%@&%&&%ﬂsz@&%&% BT, (BEEH
BEOA BB PR SN, B ROLEI TS, FUR-FERE & BN/ -
W5, =k z2E, RRO S %%m%mﬁwﬁ %ﬁm@74—F7¢U—F&%i£’m
Jg&sEnHs. —5T, m&& I DARKE ~D T 4 — Ry 7 B4HE, FEIC6ENH
ESINTWAD. VNSIZL PN E R D FE 238 OIRENE (LI, T70bb 7
4—P7¢7—Fﬁ%m%ﬁszé IR e N ORRK CHER STV 5 VNSO R AR
BEOM EICFLG L TWDOTIE AW EE XS, £, BRIEETCIL, KREENOIEHR
REEOWD, TROLT 44— Ny ZRRERNOIFERImZEERD LTS, ZHUTVNS (2
X BAEMRGE RACEHE G L TV DD TIE RV EEZ b,

WIZ, T FREET - BREE T CORERHRR-BEERICB T 2 E RO B AT~z FHl
WA ERT D BICIE, REE T CIXEE2BRBICEZET 2REICOVW TR AR ERE L,
FgalE, 5B, 6BRZET ORI OV TUIBABENFREIZD RN ERHL MR-
2. ZhIUE, BOVNSOFERICHL L BPebD Loz, T72bb, VNSIZL Y, #ERED
HEEENERD LN Z LB TED G L., e, EREEREIC OV T, 1HK
& BBEAE, SIEMOEZERED, BEE T CIIAEICD R RD 2 Liinhrole. MITE 21T,
BRI OA oty MEEX, BT CIE, RE2BE~OEREERIRE G KD T, HIKE K
BAkE, SEETOBEHRLY R ICEFTLIE NS,

—J7, RIURERIETH > T, HMOERITIEEZE 2 D L HERIBERAN R 5 2 &0
RENT. BRI, WOFRRESRR SR D DI OWT, PENRES eregularttn &
ETPHEDO LS5V random$g R GAF T, regularfie /R S50 CIXIE RS B3~ HEH LT
W DIZHR LT, random$enso TIRERD K E4E L gD 2Tk L TR T5H L9
TAREEIC TR o Tz

BB OBPEIE T ORR-FEM O B/ AR ER S A i35 &, BT T
FRIRORTITECTE LT, EHLBHRNORE~DT 4 — N7+ U — iR OT;
MDEENOHRASD T 4 — Ry IR E D b Z 0ol £, Aoy FOEDY D
PG RIS EORERINEIZ OWT B RIFRIC, BIRNGRE~D T 4 — K7+ U — R (FF) #%
BOFR, REANOHKR~DOT 4 — KNy 27 (FB) LD b K& RIERIEEELIT- TV
2. ZORRIZE-T, MIEOTHROOESTHDH [FEET T, FRREREH>FBRER
WEind | ZENKFRENT. —F, BEEFCTIE, B Oregularfrr 44 TiIi U [FF
REEH >FBIRERH ThbHZ LTk LT, BRI OrandomfE "G T, [FREENE
WM=FBIEEE#H) b LI [FRMEEER<FBEBERHR] Thot. ZoZ Lix, [Ei#ko
TEHRIE BB SN b D EE 2D, T72bb, TUE feregularfe /mS:EClE, &Kk E LT [FF
BIEGEH>FBIREE®R] & 720 REL T & [FERIZZ2 5 DICxE LT, [FREO @ (T3
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Lw)mmm%?%#f FRmZE M =FBIcEF ) (b L<IE [FFEEFHR<FBix
EEH ) OREN %%hé LW D RO 9 OE SO T TH o7 [REE NI
FRERE#H=FBRERHR) (2o TiE, [MEREOEWEAIZRS ] 2 kﬁxmﬂﬁém‘:.

Fio, HERAMICBT DER-REMOERIZEORRIMEIEICE R T 5 &, MELF T, FF
BEOHMMFBIGEL D G, b ERV EXIB TR0 EL L IR » Tz, 2t
BRI ORERPEIRZ R U CREIEDD. Z20%, FENDOBENERICKD, &0
o TR, AR AR RIS BB LTINS LORERE WX 5. —J7, BEET TlX, FF:
FELFBIRIELE BT, MHERY EL TR NIZERFICEZ »TWWe, ZoZ b, &
Wi D THE T CIE, AMNREED & O AT % [k U 7-FRIREE W &, TN THERR S 7o
Z W UT-FBIGEE 8 TR LTWAZ 2B LTS, 512, 2o ([ X
regularf2 R 5 & random#E R G fE & WV o T2 ORI X A X T O TS I X 5T
SNELTED, HHICHOTEN S F< }iﬁﬂ%éhfcff*%& bEWINhZRZE S o7z,

DI, Ay NOERIREO D &, FEE T TS RET 537 BRI e
STeDIZR LT, ®EEF T, HHRET X7 & Liﬁbm’f@ﬁﬁﬁ#ﬁ@bfc. Z DRI
Frty NOBRBER D IERIBELITO T 1E, Aty MRICBWT, TOEEE#R
BREEICERITIELE AL RN o7z, LEED»> T, Arky MEOERIGELAEERR D
DThHhHEEZOLND. £, vty MEDERIGEELIT O T KICERT S &, regular
PR LV brandomBER SO T A, BUR-FEM I L ORENOWTIUTBN T H R
o<, BRCEENRRIKE, REORBIZOWTHEBIZEN S -7-. 2, randomig
REMEDOTITRE S A X T OFRBPARARERT-D, 5 LTH TFRRRENELD. £DT
W, TOTHRRELELETH-DOHENL Yy FMEIITOA TV AEDFHNE XD
no.

Alal, AR N=1 LROLNTWDHHOD, EiREOEWSHEK-FEMIcBWT T«
— K74 T =R T 4= Ry 7 ERONT R ZEND T L BNERIICFF S, Bl
ARAERICHR-RE Y AT APKRESFELTWD Z EWRB SN, 5%, vty
FMEIZHHEHRLVEY L TWARTIZOWTEBRNEDT a—7 1 JTIFIEICRIE I E T
WS ZET, I EBREROE AN LD EEZD.

5.2 ARWFIE &Aoo BRI IE & O BATRTE

5.2.1 #A 15 WP Integrated Information Theory

Ha G # PG (Integrated Information Theory; IIT) 1%, Wisconsin X% Julio Tononi (Z & -
THRBE SN ER, Rl TERoOM—ME] OBMICEZ ZEWZHEER CTH 5 (G. Tononi 2003,
2004, 2005, 2012, 2016; M. Oizumi, 2014; W. Marshall, 2016) . IIT 3% Do ik BIR O Bz &
BRDHDE, AT ANEREAT DIOOFMEERS L TNDRTHD. UT T, EHik
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XV AT LADERERET DREINKHINT D ETRSNTEY, +okkiERarlzf
THUVAT LRBIE, AW FEMICEHDL T, E#MzAITL5LE LTS, OT T, 5
VAT LINE#RERDBED DT, %@VX?JA%%?&%E?%& L7z & ThD R~
LITHEY, VAT ARMERE AL TT2DITIE, VAT AT L > TORRZRER (intrinsic
information) 23HEH S AL HHERED O AT AN _Tﬁzfﬁéaz\%ﬁ‘%é LU Ah. ZONMRTE
WREIT (VAT LAOBHEDIRIES, VAT AOME, RROREISH L THROER) 28
BELZbDOTHY, VAT LAOBHELE - ARORREAKREZ EREI L2 b DI 572
V. VAT AREL OWNERRIEEZ © B, D OBUENDIRE, ARA~ORRMED R UTTR
EEARIEREIIRE 2D (KRR, 2014). Linl, VAT LR EARIZEL @P'\PW:
BB R TV Th, BIEDIREEA L & R DRREIT R L THREBIR A Rz 22\ WG, NI
RIFMEIIE RICENIND. EHIT, ZONIRTERIFE S D RE (ﬁ‘iﬁzb% ARk
SNHEMORE) E LT, © (phi) DEEINTWND. 01X, VAT ADKRLFHNY 74
KA TELRENCHDREHROEEL L TEFK IS (Tononi and Sporns 2003; G.
Tononi 2004). @ |3 A7 ANORRHFHAEHZRX L TVDLEWI KT, HdFy b
— 7 OEMES LITR R DBIETH D.

T (XEHRHEFHIHEIL L TR Y, ZOHEIETH D O 1%, AWFFETHU /- Transfer entropy &
eV E7-BIRICH D . FRIS, ABFRO KL D122 20 7 — R AERMRICHET 556, R
TR 5 & FREI TS (M. Oizumi, 2015) . F£72, IT O & L THE S 17z Dynamic
core theory (G. Tononi, 1998) TI%, FUR-KERDOY = FT b (FAT) MEPERICE
FREEZRI-T LR ULNTEY, NTIZEBWTHHERREE RN EROMREE - L CE
HCThHD LR EINTND. Lo T, MITFFESFTHIGRICENT, AFEE UT XX
SPTEHBIZHD. bHDH A, HER O OFRICE, £/—F (ma—8ny) 2ZHVWTE
MO T HRBT HIEENPLETH Y, FR-FEREWI MO T > AT NI20T % dm L
TH T OEGRMZRIE L IAFEH TE 201 TlidZew. £ Th, 4 [AD Transfer entropy fi#
FroRAL, UT OFRBICEMT 2 LB X5, 28D, O BARYITEROIFELY 2 50
(ZOWT DL I b ORI EIAAET D728, K P72 2 IR ZR#%E5ET T d % Transfer
entropy fENTIX, ITMFEZ Y R— T 2LDIZRDEEBEZLNDLINBTE.

Flo, UT TIEERP AT AL T TWI) THDH I LEREERIZD, VAT LDH
I IEENC ERAE N TE Y, BEED O O ATTHT 2ZFEAFLE ST, 7272,
FRIAFEMSSHNY (Transcranial Magnetic Stimulation: TMS) & FEIEH 2 BEAHIEL TN O
DT % IR BRI T X 2 FIEDFET 5. TMS I X 0B S 2N i, s
DEFREBIZRA S LT, 2D, RO FONRE =N D =2 — o U REORE SR
Kb EDEZDL &, BMIEX (Electroencephalogram: EEG) #HH|3% TMS-EEG & I
FNDFEBRFIENLMHILTNSD (R Huber, 2007). ZHIZ XD, #ERE ORIE (FEL - BRI -
WEAR) IC KD, BOMEESWIHENCRR L Z LavrShic. 2O X218, NTHFETIE
TMS HIIHD & 512, A OFRSHI I EEE 3 2 IS 2 &%ffﬁ“éb! %ZIK
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M7 BBERE N NSNS Z L3, KAFTRIE, AR D OFWN ED X S ITEBRDBHIC
KM SN CTEBRIZZANRE 2T 250, ZHONCTXSEYBATLHETHY, HK-FK
BROFRISEONICEZXNEINL TS, ZORICBWT, ABFZEE NT IR S.

5.2.2 Global Neural Workspace theory

k71— LT — 7 A~X—Z (Global Neural Workspace theory; GNW) &7 /L%, RiSHIA
HA Y MU =27 23RO REFEENER TR 2 AT 5 2 L TREIFRDNERICOF
5 LA 5 (Baars 1997, 2005; Dehaene 1998; Dehaene and Naccache 2001) . B il 1 % B 28
M=o —a NI Lo TRFUICEEMICRES N, 7o — VL RIEINZ— U 2R ESED.
ZDT =N RE = NE T = AN A =2 —a VORI — 2 LT, R
RO ERRA R 2 B <. GNW E7 NV OEERE Z 51X, 7 n—/30 T —27 AR—Z(ZT
DIFE > T ERRBV AT DONFITH LT, BT 2% 7 MREENFZIKIZT 7 8 A L TEHNT S
ERTEDLENHZLETHSD.

ABFTEIL, FEARRICIE GNW OFiRE R T 5. LivL, GNW IE, Attention (JEE) %
MF Hiv7c Figure (X, %5 OH % E#I2MEEEHHA L TEHBY, Ground (Hi, 55
DIERZSOWTHAZ HEE L TV 5. EBEIChbIbOEBRIZOIE 581X, Figure (X, xf
4:) & Ground (#i, &H) BEDLI 7LD TH SN, GNW X Figure & F157 3 5 ik
OREEDOTHNHKELE L TV D, FRIZ, BEiRICOIEABONE (awareness 8) NED L HIZ
RS IVTO DI DN TIEfIL TV, 2 2T, ABFSETlE, AiSASENF 5 Attention ~7
4 VB —IMERT BRI awareness AR A = X AEINCEIRZ#E &, HR-EZEREH
DI L2, ZORICBWTANIIEE GNW 1, B & RICT 5.

5.2.3 THIfF 51k Predictive coding

ek, HMRITINBEREL D DE S B RKMEE 25T 2R AT v 7O 7 & XA TEK
SNDHHEDIEEE Z HILTE . Predictive coding (£, Z D& X FE Sz, HREIIMA
TOFFTTHNIC L > TR END bDIEE U TRAL THN - #F Th 5. Predictive coding
DPEAATIL, BT IR ECE T2 A 2T (NEET V) 4K L TEY,
BREADOTEIT> TS, TR OFEFE, KIMEEOEREE D DARREEE~D 7
A= Ry 7 EHFHCB S D (A Clark, 2013) & —fIZEZ HILTHEY, ZOTRIZH
LD EEDKBEAST O FRREZEN I REVGEIL, AVFNVETNVOEFEEELITI &
B 415 . Predictive coding OFffREAE & L CTIE, DIE-> T HDANEZa— KT 5,
WhbH 74— RT7 4 U — KEEDOZOO=a—a U ftE THIZEET D, Wbpb 7 ¢
— MRy I FPROTOD=a—a VFERKELE IND. 61T, ZRHD=a—r UffET
T RO DI AN E T 5 X5 2R bR 2 TR b v, T b OREL R
D=2 —TFNFy NT—7 DFETIMINL DRI TIIW S 2 (Koster-Hale and Saxe,
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2013; A. Seth, 2012; Barrett and Simmons, 2015), FEEEOME AR CAFICHERS S L= FllE
EREFELR.

Predictive coding 238 TV 2 MR OREE T LTINS, N THIICAR STV
BBz bLOTH D EE 2724 (R Kanai, 2019), Predictive coding [ 5 ik N2 % #tH]
TROEEICRY 9 5. AL, FUR-KERICBNT, EEAD (FPRERZE) 07 +—F
T+ U —FRE BIRNOKRE) &7 40— "Xy 7 TR ENOHIK) OZFRENDOs
MR A D Z LI T LT E Wz 200 b Lit7en. 554,
Predictive coding 1%, FEANC KIMEE DA% 5t G ikaml Z BB L T2 7o O R IC I R/
L. Fl, BT T, 74— F7+T—FNEWHE 7 10— Ry ZEPERSRERICFE LT
LESTWET7®), FRICBENOHIR~D T ¢ — R8Ny ZsifAS, N O T2 Bk L Tu
HINCONTHEaGm ORMNFIET S, LavL, TRIDKEE LRI A - T25512, BlEE,
FFIC BN TOBBURIZEDOIEME 2 MR T & 724 Rl RIE, Predictive coding TDER AT
DTHFEEN T DRENGE, AVEILVETLVORGFEEEZITI EWVIFBPALHGFELT
BY, YPRLBROEBRPHFSNLD.

5.2.4 Machine learning

T A= e T T EREUETE OB TR, R Ry hU—2 ) & AR Y b
T—7 | OMENRERTHL. TFRRy NU—27 ) 21X, Gxbilxtg (R, mEi)
DT L0ZHB] BT 522 HE LTRSS N Ry NI —2 %2F5L, —F, 4
Ry NT—2 ) 2%, /AR EEZ2DE, OOD LS b0 (FH LcmBomlmEg 7
E) LT Ry MU =7 25T, DAVOILOMNIZIBW T, BRSO A TEN
WA MTAF S 5 & I b < HEEF I, T 0O N OAIR Y hT—2 LB 2D
ZENTES. FRIC, FICH T 2FI0EE, IMNORRIR Y MU — 27 TR =R
ERLTWDEWZ D, Fi, BRPICRLIEZEZAERT Oy hT—27R, LICHPILE
Predictive coding @7 4 — KNw 7 FRIR Y NU—7 1%, WMNOERR Y KT —27I12HT2%
EEZOLND.

RN ORI v BT — 7%, #x RBLIEHR ORI AR L, 78 LT < frCBLEHR
DR N B — 2 Do, TROLEERROET NV EEHTH. £, MNOERR Y FY
—270%, WA Y MU — 7 BER LB OF T OV E SO TN AERER (507
ZEVHT. T72bb, MNOMRER Y NU—21F, #Blxy hU—27 L LTREF TR,
Ry hT—27 E L THIREEL TE Y, Z DM, Autoencoder RCHU AR R > U —
7 (Generative Adversarial Network; GAN) & Wo -t FEE O3y hU—7 L K& B 5.
Bt 7= 056, FE OISR ATRERECIm 8 2T 572012, T Ehoxry U —2 %
GRS 0B, M2 SE T2 TR TW b RO FIED, IMANOWRIR Yy NV —27 B X
OAESR Yy NV =7 DR &0 L THIET 22 L LR TH D L IETIUE, AR
I % B 78 O TER T D Z L%, FRWIS, BB ICAERKO LY BT e
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ALZARIT D EICORNY, TNENDO B OHFEOBERIZHOUVNT, WIT DR FRLNR
AHIEbT LR, TRETULICHRENS.

53 AMWFEOMRA & EE

53.1 FEBRAIZDOWT
AT, WA LT v b FEEBREE TaskForcer UNRIERIESE (BF) ) o—Fr2UEL
7 EBR R E HWT,

(1) 7 v MU AA—H#EIC X 2 MR A R 2 ik L 72 B o0 i & Al
(2) FEET v NEERHIR T T, BERARIR-BUE R O A FREFHA.

D2 FEIEOBLRAEEREIT 72, 2 FEHEOERICIET 5 01F, ATIZFHO SN b
EFD0E D Z ENKEERHE THo . AEBR T, HICREELZT v hOkE)H
%@/4f%miétwm,&%&@E7V—A%%mf§¢Lt775?~#—V?ﬁ
HIR 2R, S DICEMOREZHE L -&RECRET 22 EDT R L. S6ICtho
WRFEIC KU, 7 v NEERRICHLD AT B SR A TR H D, B IRE @%ﬁ@*ﬁﬁ%_m
BT DR EDOTRETDHZETHELRD SN OB ENRIADD B LW, ABFZECIXRRY
WY OBYRTHENO LTz, 7220, ZOLH97TRELTYH, v hOWILVIZ
k3 2 FHAIEAL OBRRIR 72 SAUTEEHT DN 2 E RS- TEY, i MUA (Multi-
unit activity) <> SUA (Single-unitactivity) 72 & A /XA ZFHBIOGIHTIE, ZOHERILY /A
RuAT B DITHETERE LR T U 5700,

Fio, 2FHOFERLE LT v FOBICHEM L2 3D 7Y U -O~y RXET 2 LTE
BRAEEICMIR L7 ECHIIZIT 7223, ZHICHE 20O UNTPRKETH -T2, 7 v b
DNDBEDRVFRNZD, FRTTT v MY (TEES) FILTLE D L~y RETNEHEE )
DANTLE I FMA LI LI, &L, HEF I LML TURPENT 281542 7 v MC
BOETLEI AL T-. ISR E LT, ~y R¥XTHHETRIRC LoD 7 U —%F
WCEWIAEE DL TRET LT TR, AfiZT v hE2BER S ERWINEETH 7. —
W27 MIERZE CTH Y, FRIWD TOIESMEIY, EART v bbb T AR L35
FANTLS 72\, FID TR Sz & 20X, BEICEEETIS L0, X=y Z7RED XS
2720, DL LEVHENTHELES ETIEHHMAZET L. 2L, ~v RY U7+ k
Mznt, 7y hEEREFIHNSETCLRICTho7z. 2L, IEREEICHERIND
k=K BN BLBHRD) T EEFAET Y M, DA FIL S S G
W Lz, 20729, FEOKRVIE, 1Y 70T VRBEEZR DT ThbRETHZ L
T, FARBMARE OS2 BN EMEI L2, 51T, T v FORERET D EEE O
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2D, BIULTHIUERE S T~y RETICHREF L 2nE S I TRk L, 20 LT M
BEASOWH] B TKERD D] ERZSELIERMMHTEITo72. AR - T, ERTEMAT
TR ENTZT v ML, RO AR — 3 e ELEICEEICRRTE S L)1k
0, £, WRPICRERNS Z LR RoT-. 2H LT, ~y RET7REEH RGN T
UE D FMSH L, ZELTHE -l - FHIRTE D Lo Ickhole. £ TH, 700
—ZBORAATEEDOERNE 2D ENFIR T~y RETPANTLE S I, ZEL
THHRTEDDIE, 2 0 ARENRETH 7.

(1) 7 v MTEIT ORI

7 v MER PR FICECoGEMZ HHIAL, MR LR — NEEEAITo72. RELT,
7w MIBWT, b MNARROBEIZR T 178 & IMIEISE DR O b, T kb, Ty
b & BRI AT WD I —ED BIE 2157,

ZOFHMIGRTEERZ LX, A2 E UTOME @R L) 1Sk U CEHIEM OB E L
fell 203 CThofe. BMOF UANT AR E 25 & iz (EDTLEW, B OB
BAE L, WA, ML BRI ARRERL L, RN LD /A ABKREL RV IBE TEED
7 E BN WVFERZBO, K&, NTEECEmZINZ 2 B, #httd 520
a— A ATEN, SHIZENLEVE A NTEET D HFIEITELE N, AT, &
X5 T HUERE DSALE T HNEE1E, BHEE ST, BEMHmMEIET S, 17
v R TV, PERRRELS T U =AW e E, o~y R T 2 HE L7 BH
THA BRI bR TR S B 2 o 7o & BT, SRS K D ok A AR SR L & FE MG OD
ICIRET 2, Hlo 72823 HmA L CEM & FHIRTORIZAVIAATL 572 ENEIKT, SN
IR & & BITHEEIZ TR > TWho 7z, BOFAEIZOWTIE, BB XLZ 1 700H1E LT
L= B O D 1~1.5mm BEOHFAENHR CTE /2. A LI B2 HEN - CHEMZ L
BEICiE, BAEE LA OFITEMICEE, iR aRailiioTndizwh, 7Toh—%
PR Z L3 L <, BMA ENWICHRET L2 ZEIIRETH 2. ZNHDOHENG,
SR T —# 25572 0121%, EMERNS 1 2AREOMICGEHIZ /%2 615 L9
em hanEMZ ERFEEEZILND.

YRR T, BonEMRE2 LA—BEIC LV #ET 5 Go/NoGo # A7 (L3—%5[< -
GIN72N) AR L7z, ~y RET OHDIALNLEHKE T £ T, 1 2HB2 o7, &
LWHERIE, ~y RET OIDIAL I HIRE, #EKOUE RS T 1 ), ERREE~08ib
BLNGo ¥ 27 FIIcH L2 1#R], &5 Go/NoGo # A7 JIlffi< 1-2 M, HorEFo
HIEZ RIS C TR S E72 BT 1M, &&IC, ¥ A7 ICEBRRERRII2ATH
27z,

LN—3H4/8| < BERFRET, E£72, LA—ZLAFH - EFHO 2 2252 L%
ARETH D, TDT=, 2 fEHIBIFREECHORRIL OFH A G oW HIBIRR S e S ME 7R %
BEEDHZEBARAETIIARVD, ~y RET OMAGIRATFEET 2BURNSTES RN
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FRO B LW EHEZR T 5. RIS, ol irsind &, 7y MIT<ICRISE LT L —$#
TELRH EWSRERZET b5, 207w, HIBIT 5RO B BB EWIGE,
% & D REPERF 2 B TSI &2 0 CEOITEI OB, EARIZ ) £ <V
ofc. LIeRo T, #MiREE 78 S 5121%, J{T7AF%E (S. Terada, 2017/ supplementary
videol) DL HIZ, LA—EREZEH AT A X —ICRET, 7y MTUA—BEIETZW
EERET, Ty FOBOHNCLAA—2BEISE LR ED T RBMEIC D EEBDND. &b
2, AT CIX EREO TRIZI AT, Wistar 7 v b X DB & X415 Long-Evans i 7
v FEHWTWE, 20 BT, 2FEEOIZBWE 2 O T LA DT 4 545 FRE %
fToTHY, FEIZT9OBEMEL WV, ZOMEEZBERIILT, | hARECEENET
THEORIET 7 harziie JniEAb 9.

(2) 7y NEEET - BB T OTEREARIR-RE R,

FREE T D7 > by DEERAUR-FBE D% SRR HZ BT 5 %1%, FrBFeEICEE Y
IREREIZBA%E S AL CW7e (T, 1 Shiramatsu, 2016) . ABFFETIE, 7 v MREEFIZH W T HEHA
MDA[BEEL 725 KO ICRHAROILR LT, FEBUZHT- > T, 7 v MNEEOREZEE, 7 v b
ME~ORBLRE, B~ v — 7R ERIAAEDOR IR, ENENEW LV TR L.

T3, T v NEEOMBEZREEICOWTER, Zhu, FHICHW =Y ) ar 7 e —7 R
R SN2 W=DICEE R 7. BICHALZX 57, 7 v METIZHEIER O~y RXT %
WOIAIR, ZD~y RXT 27 N IWO LR THRT 5720 OEEFETIE, 7y b3
RENCHZEADTERT LS & LA, o LTHE 100 um BREOEMMPFEL. £ L
T, ZOEMNEIFZV ) a7 a—7 I3 Ea T, ERICHALZEmR Y 7 —7 3 thTL
FOFEMB DT, ST, Ty NEETDOEE, 4V 7T VZ T 58, 7 ME
VTN DHES BT, ZoRETENT, B X VIRE DO L O TIE <, FLZ
> MIBRERZ T DVEEZ TR R0 K LTI L THIEKCTh o 7. R, 7 v &
DIRERE L TV DEBREICE 7 W E AN D RIS E D B Wz, BERMIZE, @R
WIZ—BID /NS T 7 UV E AN, 77 VAR E SRR OmAEIXRTRHEATR. ZO%4,
Z v bOKIZT 7 VARRNICRESND. 2077 VAREKIERENEZTLT5 L
L1280, RIZT v PAREICENLTHHDIZE AL HITRICWINEND. 20D, ~v F
XT BEFBICKE 2B 0> TOEMIERL 720, FIALEHRT 2 —T NI b Z L
7L, TR OREBBITHNLEL TITA D X210 o7z. ZOTRIE, EHEAL
LIRS OO KREHATH 7128, HEVIC= v F - OEBRICHRFRFEIX Th R
Nl

WIZ, 7w MEEIZOWTEAT 2. @E, WME GEENE) (SR, ik, R
INTG VAT HZET—EIRIZN TS, KFEDO L D12, 7y MERIBREDIZE A L2
PSS D P EAT o 72856, T ONT U AN, FRCHMBEROEIG 3N L C, RXiEE
(Te< &) DE 2., MEFEARIZIAEAECTHR IV, FEIC XYM OImE N EE S
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SR OJRIRINC 72 > 720 5. A BIOSNE T CHRAT DML, BEOFEEZEN L Tk
0, AT B DOMLE % fifi S 72V & A 1 F U ARRROBIIENE X 5. TR N TO MR
ThiE, 7 v NMEEEEOEHEZ &5 —SFEHEO R ORI L O A2 I3 2% 2 & TRy
MR 2 BEH S5 R U —VWENRARETH 503, BRI 2 HE I ANTZGA, 7 v b
52 BRI BRI L 2D, EOLTHL RV —VIBIC bbb, Ty
MHEIZERE L — 2 2R ET 2 HELEZ NS, EXE LR L7223, 5 E< 0T, W
L7z, RIS, KGR THRZ K 5 7 PDMS > — b CHHEER &2 B N —3 2 FILICE B E
W, BHA - BEEOFIECENT, B LT B2 8RN 2 8bb. £7, 1T
WFZECIE, BREEL72BOUICE /25 K 912 PDMS Z#235 SE T 20y, AFZE CIEBHEaZ
DY ARXLYOR/NEL 72D 51280 H L7z PDMS % BHEARICIZOIAT I TEW. 2
ML, AT FEE LI-56, £ 95 L THHEBEDREL G OFENERT Hpn
LICERT D, FRZ, AFEOFEEMEILD & 5 ERME/NMNEORR b &7, Z OFE5OIF
FHDEIMOTF L RV, £O720, FEZFFT &, WE LM E Oz
AATHIMAERE TLE Y. ZNEZRETH720DIZ, PDMS 25 & 9 EldiAteE TOEE )
W2 EDFEWT RIS, 2 OHOEWL, FEHLEEER TS, FATHRETIE, rny s X
A MEOBEERITH & PDMS 2845 LTV 2. FEMNIZ Z OEEAITRENIITR<ES T
WADER, PDMS DL 5 7ev ) a— T A~OHEE S ATREZR © O TRV, EZF DM B[R
DIZBWT, ATV (b LTENRLTW) RETH, MENY Y a—r 35 b
B END L) IS TE LBEANITIRS LTV, ZORICBWT, e Tt
DIFHEITIRY THAH O EEZTWDH. AT, Z ORBEOMII R E 235 E e 25 A
L) a—rIANIEETEDEEAZENEDE D HEEZHWZ., Z OB LA
L, FEEEANE LTRSS DD Th T2, R0 =y FIR X 5 - ORFTFHFEITD
ol Oko b3 2L, ABRFINR~OH LT & LTUSHIEARENS L/, 7272
L, BARTIE, SIeHmeE LT, BEMENWEWNS T, 122 %> & PDMS > — k & ik
RO NI SOG R DOFEAFARE AR L CE T LE Y MENGFAET H. ZOfEEHERD
REB®EIL, BHEEE I N—H T ATHAT LA AT 7T LRI 2L L
V. RRR L L, T ABE LB RS A TR L CREEAT S, T R &Kk
ORI R KEZER S ELEMABEZBET 2R ERECE LWE /M7 TS, &
DIEDMEDEMENZDIEA . ZOMDFEE LT, 22 b OREFHZ /NS 35
ZEMBZOLND. FEBRATA ECICHHEZICHA T o —T B AD, B 1-2mm REO L%
FCT e —RAEFEDTEL. ERY B, THAa—2A2R0 BREEHRT 0 —72HAT S
LWV ST HETH D, FEOEBMEIIEARZENRE WD, ZOHERT TIE, 1 R
BRZHIATE 5 LIRS0, 22T, BEENB T HREISEHID, KFEA AT TO
1FETHLT7TEUA A=V I XTI RERB 2 RET 5 A RET S, 778y
A A= TR0 B F e w W C RN E OMIEE & rI b T 54 A — v 7k
Thd. Fahi (450-470nm) O XV, BREIZIL U CREME S 72 IMGEE I Tkt
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D HZFHN (500-550nm) DR TED. b l, EREIAETICTTIE VA A—V
7LD, 1 WERBAFREL, B ECLZBT ONELZBEH L, MRARELEZT 5.
%A, HElioTHhbEM T m—7 %A, AT, L72d. Zo7THUE, #ElCK
HEA=VERMETHY, EELRLEbOD, 75804 A=V VO 5EHAIRB X
CEHZ BT TN SR DR 2 R ET 2 FEOMN S RETH Y, EmFThra Lz,

WIZ, BT m—7RIARERAAEORETICOWTHAT 5. BEOYv ) ary7Fa—7
ZEORITHRIAT 2551, IHE L2 SACEm ISR L CREICHIAT 5 ORI TH
5. ZOWE, Tu—7RIARIL, MEREOFA TH LT V7~ Mtk & Ah 5 mo
2 FIOMLERD 2 HHE) THELe. — T, AEBRFRO X D ICEOREEND, AEE
DFTH v =T ZRAT 556, RIASOMNEROIBIORAMBED 3 BHREDH Y, FFAR
ZENNEL 725720, IEFWICEWIERDIFEI RO B, MAT, BKMTH HHEKET
Ta—TERIANT D5, T —T DORENKL, —EHRERILT 5 &R ORI ik <
NTLEIZD, RVELNER. REIICIE, RCTHA L FEICEBE N K
WIEDFIED A Y » ME1A30 T EGEMiZR 7 v —7% 1 [EOFEBRTHEVETS Z L7l
BEOBERICFIHTE D Z L Thoto. £z, 1 BIORIATHIKR, K& LW 2 HE LR
WAAT 9121, 2&%12&1/73:7‘0@\2:%15. L LR G, (MEE LT, 172 5 EBRITHm AN

WZIROND 728, FEDPPER L T ERT72 ERWIRERI A R COBIE IR TR, Fz,
ASEUER LIcER 7T m—7 7067 v MERZ FiB L TORIAS ATRE7EAS, B, 36 K OYMAHE
el BRI, BIRFHEILL_ BT TORDNLE IR > TW L 72, IAPEDR b L7z E T o
EERIZIIARME TH 7. 7272 L, NeuroPixels fLOEMD L HIc7 v —TH L axs Zil
MWTZ VR T NIRRT VA THERINNTWDZ A TOEMRT 1 —T 700, BIHEMITHIR-F
HICEMZMOIATZ ENA[EETH 5. BRI IDIAZ N REZe &, fHEE T LICEMm A 5%
ELTYH, BRITENLET D ETHMELEHIRO I ENTE, LRORMBENRIRT S &
MFEEND.

HEE T COEKEIFHINCHE N T, bEBERAGRE LTANRL 7Y =T 1 7, KT
TLVEEFLDE LERERE) ) A XDF v ) TIEREE Dotz HELY /A ADH
LIIBT 6L, FAKRPRE L, Z ORI HER A8 L COMHEERSCEMICEZDS. =2—n
v BT 0 — T OIREVRFE B RN B D 720, MR EEI AR AE L, T A4 XX
NEBLZCHAIEND, EWVIORERTIHLZWVNEEZ TS, 207, 5l v— Rl
EVIAAUTHHRELY /A XTMT ONRWHETHY, VY7 NETHDH AL 7 Y —
T A T ERUANAT ) DBFETH D, EWNCLT, BEEF COBRAHFHOMR G2 E
STETWDLY, TNHESHEIZTHZ & THHAIO SN thom EREIfFS LS.

TP OB ORISE IO FiLEE LT, FRI~v T AT v NUUFO/NE & x4 & 5
%6, AFHUFRO X 5 IZEHMAZEET 2 FENERICR S TETCWD. 4%, ZOLH7%
TEEFHRICBWN TR END D& LT, REEEOFBIIRIBEOHNLN T b s,
2, REEH O BRIGB O 25 2 586, T OEEEIIBAE L0 5. BfE, 4T 501%
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B FLEE DB < SV LA HAVTUW RV, £77, B OB RREE % B NI T 55
WEBIRT 508, REEGHIZ LD FEELIZLDICT D ETRAEZ 0.

5.3.2 Transfer entropy f#EHT
AWFZETIL, Transfer entropy T 515 T,

TEy_x(t,1ag) = H(X¢1109|Xe41ag-a) — HXer1 [ Xeriag-a Ye)

DOXUICHIY, 200 7 — K QEMCTHE SN AL 7/ MUAs) BoBEi— F o —%i
FLT. SHRICHW2BEDRET, KbEEEZGATLEZEZLNDINADILDOARTHY, It
P chs. Fio, MEROZENEHALTKRENTLE S, b L <IiZCommon driver® i
T2 EIZ LT, BIEMEDIRZEDOHEEDEET S22, BGERS 2B W ORI S 2 7
A X %45 % F kL conditional transfer entropy72 £, WL DO FIEBRE I N TS (B. Pompe,
2011;J. Runge, 2012,2015). 7272L, ZHOHODOREFIETIE, HHW DL/ — FOMAGHOETOD
AEBRMLETH Y, MAGDOEBEENICHRAE A MB3Bka ER D, 2T, AFETIEIRT VA
A DR RO TR Wz, KFIEOZEMEORGEL, 55, MRAERFOSRATIIRO A &
WO LEDELDOHRTH 2D, RFEPEUMRIBE N2 L2l D &, Ao 75 OH
FHEOMENT E LTHLS DO HWSL N TE M AMEBE A R 7 F A (cross correlogram) & D LR $
FREE L.

TEE T OBRIEHFICENT, HR-EZEROBENMSSIXIZEA LR o7, B
KA RITEZ =0T, BERE LT,

(1)  #EEa—FLTV5,
(2) HRIEEIR OGBS % — 2 (NEIREE) BNEmE7-.
(3) AINA 7 B OFFENT TR A F 2 7 AN > T2 FETIE o 7.

DAREMERZ 2 B 5. (1) IZ2WTE, BEBABERIZE®KITR LS, o= o2—1 fHo
BEBRBEMHELZY, L EOHTHOHKAMICHERKEGT T H5EN N5,
(2) lZHOWTIE, =a2a—r UPRHEHKTLHHT, ho=a—nr & RIS Z1T)
ZELHDLN, WHEAF = HRLTEC, RIURAANY = B0 IRE D Z &R0
BANBZHND. ZORBNELWGE, IREBORREE RZ— O IELEDORIEL Y
LT, FOREORIOFHT =X 215520, #ENSLEICRD. b L, BORER
FEPIEEN N — U A BIET D L B2 570, 5% OB ORTEEHIITIL, REEEDO L~L
ERBICHIN DIEEN VNI 5725 9. LL, EHEOMBDIRY TIE, TEHLEOFEN
L L TR ANLGNTWD DI, BEARDOKRE I0F DORFRI R EB) N Z — U FR
(M. J. McGinley,2015) TH YV, FEOHENL L IOBEIZOWTHo72 b ONIARHTH
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5. (3) OFREMEIZOWT, £9IE, BT & REE T Cld=a —r C OFEEMIREN R S
EWIHIEFEELEZ L. SEIHAWZA Y 7V T URBER T, L EBY, N—X M EETH
AU D ISR 7R IR KBRS G S D LIAME, AR = o — 1 o OIS X LA
FHEIZZEL TS, ZO X RGE, HombE Lo T=a—n ) HAIZHFERE K
ZATWEET 2 D13 TEHELW., 20728, —a—a rOR Ko =2 —a U FEOF K H
KDL B & FITRET 2N RE VDO TIRAR VD, FEERE LT, HEERNRA) Spike
to Spike L~V (1% 1 D=z —nu VBfR) TEBIEREIZ/R > TWDH DO TIEZRn L TS
5. —Ji, REEF T, ==—0rOREMIIFEKEEMNIZ A LEICHELV TS (UP
REE) ZENHMBNTVD., 20X, —a—urRNRAkT 52T, Mo=a—mrnfk
R DIE T2 & Z DT PSMZ BAE DIRENLIC bIRAFT 5. BEEMEZRET HD1%, T 7 AN
TDOEIIAHRTHY, T FAANNNE, RFTESEN (Local Field Potential; LFP) K& < X
BREND. TDID, AL 7 EEORREMRTIERLS, A3A 7 & LFP ORIRERZ M
RIZFM, REFOMRELA T I T AZESTEY, > T AFREHREZIR A OND L H 127
b Liv7ew. EEKS, A 7T ORHREI LY, A A7 & LFP ONARERZ &
DY THEATE T DREO B /N MEDR ERD Z L SiuTunsd (C. Kayser, 2009). %
72, LFP @ X 5 7T — & T BER b L CT°4uiX Transfer entropy fEHT 217 9 2 &1L A[HE
ToH O, EEIZ LFP OfARIERA BRI L7727 — % 2 W CHERERS & 2 315 3% Phase
transfer entropy 23 HI 5L TN 5.

5.3.3 H & F 1K Sense of agency

DO ORERIE, EAMICERIRELTEL WL I ITELbNnS. =& xiE, BT
LD D &, ESITMNTWARERE CAENSAEL S, B aid & T, RFICES
ZEIFRVWBGTEN, I XK BXTHD L, FEOERRIBROEHPUE SN TN T
BREE T2, LV OIIREERLOTHD. K7 — LA TAHYOBES v T 7 X —N)
BondE, BOBEBFSZOF Yy 7 LR ULEHNRO L ORI ENEELEERD LME
EEELSTWEA S BT, WAL TZIE L TWEN, ZOMAETORECH KL I
AT DHETHEL TS 2GED, BBE RO EEZEZTIELY. DF D, Ditbitdflik
WTERSNDEROZRAC (F—2DTNNE—D X570, AUHIVETIV) B, EEE
DONONOHEEE LV FEH LTS, 2 b 0BG, LRSI, B2 ORI
WCHGDOLDOTH D, HIKFTAERGY (Sense of self-Ownership) <°H 73 D17 41X, #ENIZH Y
HEDLDOTHD LD HCERKT (Sense ofagency) & L TIN5, HIKFTA K
R CEREL, EREOEE L S AIICR LTS, D ORI = X L% 5
T2 Z LI, B ORRE, Wb D 7 A TRIEIZYI VAT R 0IZ72 D EEFITE X T
W5,

il D B ORI, WREE (REE) &%, EEhE®RE V5 2 & THILTE
52 ENTEHNCHEND 5N TW5 (E. D’Anna, 2019). ZHux, FENSLEERK-7ZAD
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VI ZENE#ROaTELRERERL TS, HOEREICBIR T 2R, IT OXE
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UL DENT, ERGEEEICED X ) REOWAH A MNIER LT, IMNTERSND B &
EREATIORERMO LD LERE L. BARIIZIE, LATO 4 HE 2 RRGEE L7z,

EIMEOETNLEYE LTT v b & W6 oS RHb.

7w NRBET - BREE T CORRARIR-EE R OFHAR ORESLF K ORH.
BEiT b BT K DR BB R O it oo & S
TR B DI DI BLIR - BB R D1 Bt~ K E 3 52 O 7.

A

FERLE LT,

HREHAATREIZB N T, M ~OR D& S MEICBE Lzt MEEROITEIIS K UM 2
7y MZBWTHHER SNz, 2O &L, 7y FORMMRRSZRS & hOEFRIETE O AL
HESOPREMEAE & RER DT 6 & 2 LTV D AR Z R T 5. ZORRA =T C, A5 T
X7 v NEMREAERFEOET VE E LTHWD Z L 2Rz,

7y NREEET - B T IRV T, MREAUR-FER D REIEEI 25 L, BE)— [ r
B —RHTIC K > THIR-RE R TIRES N D EROTIVERIME L7z, Ziuc kv, FHER
LEE~DT7 4 — K757 —FK (FF) B ERENOHER~DT 4 — K3y 7 (FB) 4t
22N, BEINHMIEREITIBWNT, BT TIE,  [FRREE S >FBEEE®R) O/



Fow fhim 139

RO NEDZ LRSI, — T, BEE T T, EROBEAEDN 5 T, fig
MWILETHD (—EMR TR KL S, TRAMEEZ) a1, [FRREE#R >FB
BIEER ORI RBE SN, I 51T, FREOFHMEN RV (IR 2 A I v 7O T8
MNINEEZR) %56 T, [FREER=FBIaERH] (b L <13 IFRmEF R <FBmEIFHR] )
DBEAFRDIAL Y XL T & R STz, FIIE IREORSRANZEIZ B TUE, FREE T T,
REEfMs GIH EBY) SREKT GCBTRY) OLH L L NFHMEED S NFBREL Y
HIEICEZ Y, FBREIFFFRZEDKEO L HIZELTTWA Z LM AT, —H T, BT
TIE, WHHBZEON S ERY LB TR UM, FMEZEEFBBEOEL LY, 1RIEFRFFICE
ZoTRY, FSCAMLTWHD Z ERXMEZTZ. ZNOORERIL, AMREND A>T DK
TATIERBERD O B IR E SN AFFMEEFE RIS S TR Y, MATEREND
BDOIERBEE N GHRIR~OFBIREF RIS SN D L WO RHE R+ 5. Iz T, Z
NO2ODREFHRAFM T2 2 &L CREMROERARMELZAREICTHDEAS & T
HRGE T b0 EEZLND. £72, ZORMHESIIHEREL Y EMEENEETH
v, REA 2y MWD THOVGEETHEIMNICEZ > T\d Z L AME & 7.
PLbEG, ARBFGEE, B OBUR-FE R %2 3RS U CEBIN 2R & AP IEEh S &2 —
DRI A FEBRIICRAE C X D REtE A IL R L7z eV 2 D,



ALY 2 b 140

SERE ) 2R

N

BFAT & WRIGE (30

EFf ZFRIGE (Fi30)

[1].AHEREs, At @%E) &, Nﬂﬁ%@—, EREZE [ Zy NORER X 27 o~
A 7 v BE R A, RS SGE C THH S AT LAEFIEE 139(5): pp. 625-631,
2019

Euift & ERFES

[1]. Kotaro Ishizu, Tetsuo Kan, Yusuke Takei, Hidetoshi Takahashi, Kiyoshi Matsumoto, Isao
Shimoyama, “Carbon Dioxide Detection by Surface Plasmon Resonance with lonic Liquid,” 25th
IEEE International Conference of Micro Electro Systems (MEMS2012), pp. 784 - 787, Paris,
France, Jan. 29 - Feb. 2, 2012.

[2]. Kotaro Ishizu, Yusuke Takei, Masahito Honda, Kentaro Noda, Akira Inaba, Toshihiro Itoh,
Ryutaro Maeda, Kiyoshi Matsumoto, Isao Shimoyama, “Carbon Dioxide Gas Sensor with Ionic
Gel,” 17th IEEE International Conference of Solid-State Sensors, Actuators and Microsystems

(Transducers2013), Barcelona, Spain, Jun. 16 —20, 2013.

[3]. Masahito Honda, Kotaro Ishizu, Yusuke Takei, Hiroshi Imamoto, Toshihiro Itoh, Ryutaro Maeda,
Kiyoshi Matsumoto, Isao Shimoyama, “lonic-Liquid Gel based Carbon Dioxide Gas Sensor,”
223rd International Conference on the Electrochemical Society (ECS), #1421, Toronto, Ontario,
Canada, May 12 — 16, 2013.

[4]. Yusuke Takei, Kotaro Ishizu, Masahito Honda, Kentaro Noda, Akira Inaba, Toshihiro Itoh,
Ryutaro Maeda, Kiyoshi Matsumoto, Isao Shimoyama, “lonic Gel based Carbon Dioxide Gas
Sensor,” Symposium on Design, Test, Integration & Packaging of MEMS/MOEMS (DTIP), pp.
28 - 31, Barcelona, Spain, Apr. 16 — 18, 2013.



[5].

[6].

LY 2 b 141

Kotaro Ishizu, Masafumi Oizumi, Tomoyo I. Shiramatsu, Ryohei Kanzaki, Naotsugu Tsuchiya,
Hirokazu Takahashi, “Stimulus-driven Information Stream Between the Auditory Thalamus and
Cortex,” Abstract of the 40th annual midwinter research meeting, Aoosication for research in

otolaryngology: p. 281-282, 2017 (Baltimore, USA).

Naoki Wake, Kotaro Ishizu, Tomoyo I. Shiramatsu, Ryohei Kanzaki, and Hirokazu Takahashi,
“Pure Tone Audiometry and Audiograms in Rats,” Abstract of the 40th annual midwinter research

meeting, Aoosication for research in otolaryngology: p. 117-118, 2017 (Baltimore, USA).

ENFE -UV—FvavS

[1].

[2].

[3].

[4].

[5].

[6].

Kotaro Ishizu, Hiroyuki Nagata, Tomoyo Isoguchi Shiramatsu, Ryohei Kanzaki, Hirokazu
Takahashi, “Causality Evaluation of Signal Transfer between Thalamus and Cortex using

Transfer Entropy,” £ 38 [F] H AMREE K4, : #2P179, 2015.

Rie Hitsuyu, Tomoyo Isoguchi Shiramatsu, Kotaro Ishizu, Ryohei Kanzaki, Kenji Ibayashi,
Kensuke Kawai, Hirokazu Takahashi, “Modulation of thalamo-cortical information transfer by
vagus nerve stimulation in auditory oddball paradigm in rats,” INCF Japan Node International

Workshop: Advances in Neuroinformatics 2015 (AINI2015).

PR WA, AECKER, MR, SEEm [Ty N ORI T 2 ERH 7
EENV Y — U ~DRBEDO R, A4 72TV =T V7MY R YT A 2015
(LE2015) GmsCH: pp. 112-114, 2015

AIER, Ate D) Zoflh, SFE, AEHDCRES, MRS, SEEE o DR~
DER IV AFIRI X D IFEDOEROIERERG, T4 7P =7V v Iy v
NYT L2015 (LE2015) #@sCEE: pp. 132-133, 2015.

FAHEGERER, Ay (BER) s, KERZ, M, SEEE 0 T7 > MRS L O
PR COEFBRZEOR BT AL ), 74 72 Y=7 Y THMy R T L 2015
(LE2015) Fm3CH: pp. 141-144, 2015

HEEERd, pfn (D) 2ot GEDERES, shikser, AR, NG, Sdsam .
AR EARRRIE DS 7~ MR ORIEGEIRNES I RE T ), FA 720 v=T )
T AR YT 42015 (LE2015) #aSCEE: pp. 148-151, 2015.



WLEY 2 b 142

[7]. Kotaro Ishizu, Masahumi Oizumi, Naotsugu Tsuchiya, Tomoyo I. Shiramatsu, Hirokazu
Takahashi, [ Information flow between thalamus and auditory cortex generated by sound
stimulus  (F I CAE C 24K « BURBH OB HI) 1, FHABHE Y= 72 o=
TV TEMY AR YT A2016 (5 31 BIAMRAIR TSR AR YT L) Gl SUE : p.
138, 2016.

[8]. Yurika Doi, Tomoyo I. Shiramatsu, Ryo Soga, Kotaro Ishizu, Ryohei Kanzaki, Hirokazu
Takahashi, [Sense of self-agency inrat (7 > h® B CERKIZET H0F98) 1, FHIE B)
R T A 72T U ZHMY AR Y T 52016 (B 31 EIAKRAB TS VR
DU L) GRS - pp. 139-140, 2016.

[9]. AAILER, Bty (B0 Zofk, @3E, AEYCRRS, Eser, @iERm o TG~
DFER IV AFIRFNZ L DI O], BRFERMFERER EM - AR TR
MBE-16-022~048: pp. 39-42, 2016.

[10]. FOZE i, AEIERER, IR SE T, EiEZ2a [ HS O A7z 72T Eh S5k
RO |, BRFRNIEER B - AR T 22904 MBE-16-022~048: pp. 43-48, 2016.

[11]. HERERgs, Ak (B&D) Jnfth, AEEEKRAR, MR, HEWREE, G, @iz
[ AR D AR- BB RIS AT T 52, ERFEMRSER EH - A RT 7
¢4 MBE-16-022~048: pp. 49-54, 2016.

[12].Naoki Wake, Kotaro Ishizu, and Hirokazu Takahashi, “The Fast Oscillations in Rat Neocortex
during Auditory-Induced Operant Behavior,” ¥ & LoD A =X L FE1TRIEADT—T7 2 3
w7 (201741 H 11 H, /L AY)

(3] AEERES, KIRESE, Tamm, Bfa D) s, gy, @iz [Bex
YhrE—IlL DTy MUK BB T DB RO E &, ERERESE R
R - AR TS20F584 MBE-17-015~041: pp. 45-50, 2017.

[14]. L3PV 2y, AEDERES, Bir (BE0) Fifl, fhiegser, Sfzm: 17y hoaaE
R E N2 RBROME |, BEXFRNEREN EM - AR TFH%ES MBE-17-
015~041: pp. 103-108, 2017.

[15] IR RS, AHDERRS, BPEER, KIRES, &FRK, LM, @miGZz% : [Patterns

of causal interactions among neurons in the rat auditory cortex under wakeful and anesthetized



LY 2 b 143

states |, TERFDMIESER EH « FR T #0984 MBE-17-015~041: pp. 51-56, 2017.

[16]. AEYERER, ERAEE D EIH, /INITJREE—, IR, a2z : 12y MNEREEICE
T D~A 7 v BN BRI, ERFAESEE EH - AR TS MBE-
18-001~031: pp. 89-94, 2018.

[17]. AEERES, KORES, Hambm, Ak @E0) s, @SEzm: 17y MAR-REK
MlCB I AE®RT — BB~ b —Ic X A EEMI—], AARSE LS IL
EEL 48 (4): pp. 277-282, 2018.

[18].F A L, AHEHOLAKES, R WA, mfazam - MO EXHIIC L2 BRI DX 2%
DA, BERFEMIESER EH - AR T24F504 MBE-18-001~031: pp. 99-104,2018.

[19].FNZE WA, FAEDEKES, G2 : [4T v bR 2RI LT v S OEIHEE
FIEOMFE), AAREFEFSGERTSER 48 (4): pp. 271-276, 2018.

i

I

[20]. AL RRR, KORES, Af BO) mth GRS, Hamm, mfszs : [TVNS @
FEENFR~DOREERETE R - RER OGBS B 0@ (b 5-1, Pk 30 F£EX
TR EH - AT DR SCEE: pp. 38-40, 2018.

[21].FnZE WA, L KRR, Pz, AESERES , #km B4 — , fhifd, &SEEmm : Tk
o7 v —F y ORBEIIRHE, % 15 BINEWFZES, 2018.

[22]. 7N, AEDEKRES, mffZz% TR S 12D 2 RS OFF R EN ], BT
TREER EH - ER T84S MBE-19-001~024: pp. 105-110, 2019.

[23].IATERIE, AEERRS, FxEmar, S3HE, Ak BEn) s, @SE2m : > %%
DEF T ORI |, BEXFLMESER EH - AR T F%E S MBE-19-001~024:
pp. 111-115, 2019.

USRS
[1]. TIUE, MARE, B8, VTSI, BBEm, AR, KM, BRLFR <A
F U WRI L OVSPR W CligbikFEE Y. KEFE PCT/JP2012/083880.

E&l\tl



ALY 2 b 144

ZE
[1]. Pk 30 LR S C MR BESEmE



HIEE 145

:tmll

.
SV
# T

EFH D HOTKFPRFBE - 15 R L RS0 R - SNt il i 7 R O AR R IS/ R RS L7z
5 FERNC S L 72 AR DR 2 ARG ST E L O F Lz, BIEOZTT, 8L ORI LOHEIC
B0, RUEL DOF2ZTHHETANT, BT TRLETHZENTEE L. FE
BE, LDEWAT, PAESEGONT T A I IRRENH Y £ L. ZOEITHA
b, WM Z WX BRSO TN WeZ 8T, e nEVEILZ ENTEE
L7z, BEIRF ORERICIE, BUCBHEEICRY L. 2 ZICRWEHOEZ R E T

KmXOEETH Y, FHHHE Th 5 F KT RFPE - W TR 008 mls 2z ik
BRI2iX, ISR D TR, T TEE £ L, LR Dy - SiEFse=s
WHEF LT ER 2RI ANTIES, fREHE L L THERICOVOVE Bl TREIHF
RHEEDDREARIE L TTFIV E L. I THEMERICOWT, BubRiima 282 Tk
REMBATHZ LICTAEE E L. £, BONEERE 2 EES#HCENES T
BELHRRTOIESOIES FE L. GSURERIIE, HERECMIFMICL DT, i
DEXFZBOTHEICHEE L CHEE L. DI, MRNEZOLOET TR, W5
X DR, KFEFEDOINT 728, KREICBEZ O L2 AT THE L L. 4
W2, EEPLERYD, BRI ZEZ o TLESZE XL, EEOTMEEETCIREHLLES
VIhE L TIHWZ bV L L. Z20% b, G EZFD AT TRHIBREZEIC R -
TLEolel &y, BLEEZMOLL TS E L. EHU RCEEOZ L E2MDT, A
BTTICWTTED £ Lz, BERT, KGR LE 29 L TRKERE ClEDHZ LN T
TFELLE. IO bEHOEEELET.

BORR: » SRR HA A Je o 2 — AP EE0R I, Bl & L CRZPAGR L DR
EBBIEZFENEE T T, LR L ED D IZHIY, FEETOEIF—%
WL T2 R IELXIAE L L. Snftaiiiistt 2 —otkt 2 —RERbh, 2%
TS B BTN DT TRUT T TIHE, W EBIOSELTAV - Z LITIEF I
FOfhF L7200 F Lz, BWEHOBEERLET.

FORRFRTF P - G RE TFR05ER BIE R, R MBS, AT
B« TERPZERE MR RZBIRIC O AR L ORIEZ B EZ T WelZ&E L. REZS



MEE 146

L6 baMEiE-> TRRXORIELZ B ST WS, REERRIYE, JhEzx
T ESTEHTTROVEHOELRLET.

FOXERERN R IRFRE - R AHITER AT MEER I, R T OB KA IER
ROMESLIZ DT> COHRICEERIYEOZHRZTHE £ L. BEKRT, RISEBSROMENL
AL ZENMTEELE. HROBEZH L BT ET.

2016 E121X, A—A FF U T « AJL7R/L 2 D Monash University (ZF AR 224 DT
FihE L. ZOFE, [RIRZFO School of Psychological Sciences T4 MAHERIRIZIX, KE
PBHEEICZ2 Y £ Lo, WIRICKTT 2 THREZHREI L B AAD Z &, BEONRIZHT 5 R
VT AT TCZRNANR Y v a REBNIREREHZZ T E L. 72, ARIIR>THhHH
Skype Z i L THFENFIZOWTE OBEFTHES E L. 2o &1, BT
bofob bbbz, RF L L TOANEBUICKRE REEL 52 T eEEE L, 2 2ITHEN
HEEBRL BT ET.

BRUKFZRZRE - A SUEAFZER RIRESHESRRICL, A—2 N7V 7T EEFHICE
BESRE W&, REBHERC/ARY Uiz, ABFJEICH D Transfer entropy FEATIEDMENT
RZIICORVBDMERGRIIHONWT, BERLZHE - SZHEE Lz, £, FITHENHE
BLTLEDLROWEDICHEMAZKIT L 2D, WRMITHIEZED T REE LT 5400
FERBIIIFEFICELS DI L ZRTECWEEEE LA bbby CGRVEEEZHF L LiFE
7.

SRR EENIZERT « SR EARIEET S B EZEERIIE, 2015 4 3 HildThhn:
AP L—=0 7 a— R B M LRG0 £ Lz, Z2D%, 2O THNBIEE T,
EFHDOMHRIZD > TV RN H Y, EBFHEZWIERE L TWolZE E L, BEERT,
YIFA L FNVHIIRATE R E Y 2% U TR ST T D B 72 2 o T2 D BRI S
n, MEIGHXEEETFAZENTEE L. ZZICRVEHOEEZELET.

Flo, WRURY:  HHIR - BT IEE OB O ITA B OZ < O Zih /12 TE 2. ifF
G, K CEBET 5 LRI R0 S OB LS & SHBEENE, T 2i
DB OB LR LET.

ABFFE W T BE R AR -BE 2 ARREHRR IS OWT, T MFREE T T OFHITTIE O
VA Hb - FEEAREO TR (. Btaita~y), KMBZE (Bl B
EHFFERT), AR (Bl RAAREHOERASH) ISR L ETES. =R
TNIDOFEEET, HEEEFTOFICHET 2 Z & T&E L. Frio, AHBAGERIZIE, Eo
EWEHAIT — & Z 5% L CIHW /= Z & C, Transfer entropy f#ATIEO LI L CTHLY T Z



HEE 147

LNTEELLE. SbETHRVWHELRLET.

FRBMEOAF AL, AHMERK, EAEHRTRIZE, DMEASCERFRE 0L,
WF9E2 D 5 ETRPERVWESIRICE LS Y AR — M2 LTIHEE L.

AR BT UM B S DT 2 b b, A D, K LA HET 5 ET)K
ZOBELESECHEATHEELE., Z2ICRVEHOEEZRLET.

Rt#lc, T SERMICREDT, VobREEO I L EIGE LT TR - AL R -
WET, Bk B, M- B, (O 7% MR- PET, BTCLADEMOBEH L ESET



BELHR 148

275 LN

Z v M http://labs.gaidi.ca/rat-brain-atlas/
NeuroPixels (FEf) https://www.neuropixels.org/
TaskForcer (ZEERRDRER) https://ars.els-cdn.com/content/image/1-s2.0-

S0896627317304622-mmc2.mp4

SHEFE
Robert F. Schmidt, “Fundamentals of Sensory Physiology”, 1986

Antti Revonsuo, “Inner presence: consciousness as a biological phenomenon,” Cambridge: MIT, 2006.

i
M. T. Alkire, A. G. Hudetz, and G. Tononi, “Consciusness and Anesthesia,” Science, vol. 7, no. 322,
pp. 876880, 2008.

B. J. Baars, S. Franklin, and T. Z. Ramsoy, “Global workspace dynamics: cortical ‘binding and

propagation’ enables conscious contents,” vol. 4, no. 5, pp. 1-22,2013.

T. A. Bekinschtein, S. Dehaene, B. Rohaut, F. Tadel, L. Cohen, and L. Naccache, “Neural signature of
the conscious processing of auditory regularities,” Proceedings of the National Academy of Sciences,

vol. 106, no. 5, pp. 1672-1677, 2009.

M. Boly, M. Massimini, N. Tsuchiya, B. R. Postle, C. Koch, and G. Tononi, “Are the Neural Correlates
of Consciousness in the Front or in the Back of the Cerebral Cortex? Clinical and Neuroimaging

Evidence,” Journal of Neuroscience, vol. 37, no. 40, pp. 9603-9613,2017.



ZEHR 149

M. A. Cohen, D. C. Dennett, and N. Kanwisher, “What is the Bandwidth of Perceptual Experience,”
Trends in Cognitive Sciences, vol. 20, no. 5, pp. 324-335, 2016.

S. Dehaene, J. P. Changeux, L. Naccache, J. Sackur, and C. Sergent, “Conscious, preconscious, and
subliminal processing: a testable taxonomy,” Trends in Cognitive Sciences, vol. 10, no. 5, pp. 204—

211, 2006.

S. Dehaene et al., “Cerebral mechanisms of word masking and unconscious repetition priming,”

Nature Neuroscience, vol. 4, no. 7, pp. 752-758, 2001.

A. Del Cul, S. Baillet, and S. Dehaene, “Brain dynamics underlying the nonlinear threshold for access

to consciousness,” PLoS Biology, vol. 5, no. 10, pp. 2408-2423, 2007.

J.J. Fahrenfort, J. van Leeuwen, C. N. L. Olivers, and H. Hogendoorn, “Perceptual integration without
conscious access,” Proceedings of the National Academy of Sciences, vol. 114, no. 14, pp. 3744-3749,
2017.

T. Gent and A. Adamantidis, “Anaesthesia and sleep: Where are we now?” British Journal of

Anaesthesia, vol. 86, no. 2, pp. 254-266, 2001.

R. Huber, S. K. Esser, F. Ferrarelli, M. Massimini, M. J. Peterson, and G. Tononi, “TMS-induced
cortical potentiation during wakefulness locally increases slow wave activity during sleep,” PLoS ONE,

vol. 2, no. 3, pp. 1-8, 2007.

0. A. Imas, K. M. Ropella, B. D. Ward, J. D. Wood, and A. G. Hudetz, “Volatile anesthetics disrupt
frontal-posterior recurrent information transfer at gamma frequencies in rat,” Neuroscience Letters,

vol. 387, no. 3, pp. 145-150, 2005.

C. Koch, M. Massimini, M. Boly, and G. Tononi, “Neural correlates of consciousness: progress and

problems,” Nature Reviews Neuroscience, vol. 17, pp. 307-321, 2016.

S. Kouider et al., “A Neural Marker of Perceptual consciousness in infants,” Science, vol. 376, no. 4,

pp. 376-381, 2013.

J. J. LaRocque et al., “The neural correlates of dreaming,” Nature Neuroscience, vol. 20, no. 6, pp.

872-878, 2017.



ZEHR 150

N. Lavie, “Perceptual Load as a Necessary Condition for Selective Attention,” Journal of
Experimental Psychology: Human Perception and Performance Keele & Neill, vol. 21, no. 3, pp. 451—
468, 1995.

S. Laureys, “The neural correlate of (un) awareness: lessons from the vegetative state,” vol. 9, no. 12,

pp. 556-559, 2005.

Y. Li et al., “Comparison of NREM sleep and intravenous sedation through local information
processing and whole brain network to explore the mechanism of general anesthesia,” PLoS ONE, vol.

13, no. 2, pp. 1-19, 2018.

G. Mashour A., “The controversial correlates of consciousness,” Science, vol. 360, no. 6388, pp. 493—

495, 2018.

L. Mudrik, N. Faivre, and C. Koch, “Information integration without awareness,” Trends in Cognitive

Sciences, vol. 18, no. 9, pp. 488—496, 2014.

L. Naccache, “Why and how access consciousness can account for phenomenal consciousness,”

Philosophical Transactions of the Royal Society B: Biological Sciences, vol. 373, no. 1755, 2018.

F. Pestilli, “The threshold for conscious report:Signal loss and response bias invisual and frontal

cortex,” PLoS Biology, vol. 7186, no. 3, pp. 537-542, 2018.

M. A. Pitts, J. Padwal, D. Fennelly, A. Martinez, and S. A. Hillyard, “Gamma band activity and the P3

reflect post-perceptual processes, not visual awareness,” Neurolmage, vol. 101, pp. 337-350, 2014.

C. Sergent, “The offline stream of conscious representations,” Philosophical Transactions of the Royal

Society B: Biological Sciences, vol. 373, no. 1755, 2018.

A. K. Seth, K. Suzuki, H. D. Critchley, C. Frith, and W. Trust, “An interoceptive predictive coding

model of conscious presence,” vol. 2, no. 1, pp. 1-16, 2012.

E. Tagliazucchi, “The signatures of conscious access and its phenomenology are consistent with large-
scale brain communication at criticality,” Consciousness and Cognition, vol. 55, no. 2, pp. 136—147,

2017.



ZEHR 151

G. Tononi and C. Koch, “Here, there and everywhere.,” Nature, vol. 425, no. 6954, p. 107, 2003.

N. Tsuchiya, M. Wilke, S. Frissle, and V. A. F. Lamme, “No-Report Paradigms: Extracting the True

Neural Correlates of Consciousness,” Trends in Cognitive Sciences, vol. 19,n0. 12, pp. 757-770, 2015.

M. Usher, Z. Z. Bronfman, S. Talmor, H. Jacobson, and B. Eitam, “Consciousness without report:
Insights from summary statistics and inattention ‘blindness,”” Philosophical Transactions of the Royal

Society B: Biological Sciences, vol. 373, no. 1755, pp. 12-19, 2018.

J. J. A. van Boxtel, N. Tsuchiya, and C. Koch, “Opposing effects of attention and consciousness on

afterimages,” Proceedings of the National Academy of Sciences, vol. 107, no. 19, pp. 8883—8888, 2010.

B. B. Velichkovsky, “Consciousness and working memory: Current trends and research perspectives,”

Consciousness and Cognition, vol. 55, no. 5, pp. 3545, 2017.

M. Oizumi, N. Tsuchiya, and S. Amari, “A unified framework for information integration based on

information geometry,” arXiv preprint, pp. 1-6, 2015.

G. Tononi and O. Sporns, “Measuring information integration.,” BMC neuroscience, vol. 4,
p. 31, 2003.

G. Tononi, “Consciousness, information integration, and the brain,” Progress in Brain

Research, vol. 150, pp. 109-126, 2005.

G. Tononi, “An information integration theory of consciousness.,” BMC neuroscience, vol. 5,
p. 42, 2004.

M. Oizumi, L. Albantakis, and G. Tononi, “From the phenomenology to the mechanisms of
consciousness: Integrated Information Theory 3.0.,” PLoS computational biology, vol. 10, no.

5, p. €1003588, May 2014.

G. Tononi, G. M. Edelman, and O. Sporns, “Complexity and coherency: Integrating
information in the brain,” 7Trends in Cognitive Sciences, vol. 2, no. 12, pp. 474-484, 1998.

G. Tononi, “Integrated information theory of consciousness: an updated account.,” Archives



BEHR 152

italiennes de biologie, vol. 150, no. 4, pp. 293-329, Dec. 2012.

G. Tononi, M. Boly, M. Massimini, and C. Koch, “Integrated information theory: from
consciousness to its physical substrate,” Nature Publishing Group, vol. 17, no. 7, pp. 450461,
2016.

W. Marshall, J. Gomez-Ramirez, and G. Tononi, “Integrated information and state

differentiation,” Frontiers in Psychology, vol. 7, no. JUN, pp. 1-18, 2016.

WS R DR A 2R
H. J. Alitto and W. M. U. A, “Corticothalamic feedback and sensory processing,” no. Figure 2, pp.
440445, 2003.

D. S. Barth and K. D. MacDonald, “Thalamic modulation of high-frequency oscillating potentials in
auditory cortex,” Nature, vol. 383, no. 5, pp. 78-81, 1996.

E. L. Bartlett, “Auditory thalamus,” in Neurobiology of Hearing 2015, 2015.

R. M. Bruno and B. Sakmann, “Cortex Is Driven by Weak but Synchronously Active Thalamocortical
Synapses,” Science, vol. 312, no. 6, pp. 1622—-1627, 2006.

M. A. Castro-Alamancos, “Dynamics of sensory thalamocortical synaptic networks during

information processing states,” Progress in Neurobiology, vol. 74, no. 4, pp. 213-247, 2004.

F. Crick and C. Koch, “Constraints on cortical and thalamic projections: the no-strong-loops

hypothesis,” Nature, vol. 391, no. 1, pp. 245-250, 1998.

P. Fomby and A. J. Cherlin, “Thalamocortical Projections to Rat Auditory Cortex from the Ventral and
Dorsal Divisions of the Medial Geniculate Nucleus,” Journal of Comparative Neurology, vol. 72, no.

2, pp- 181-204, 2011.
R. P.J. U. Frederic, “The Phase of Thalamic Alpha Activity Modulates Cortical Gamma-Band Activity
Evidence from Resting-State MEG Recordings,” Journal of Neuroscience, vol. 33, no. 45, pp. 17827-

17835, 2013.

B. Goure and J. J. Eggermont, “Evaluating Information Transfer Between Auditory Cortical Neurons,”



ZE R 153

Journal of neurophysiology, vol. 97, no. 3, pp. 2533-2543, 2007.

Z. V. Guo, H. K. Inagaki, K. Daie, S. Druckmann, C. R. Gerfen, and K. Svoboda, “Maintenance of
persistent activity in a frontal thalamocortical loop,” Nature, vol. 545, no. 7653, pp. 181-186, 2017.

N. Y. Homma, M. F. K. Happel, F. R. Nodal, F. W. Ohl, A. J. King, and V. M. Bajo, “A Role for
Auditory Corticothalamic Feedback in the Perception of Complex Sounds,” The Journal of
Neuroscience, vol. 37, no. 25, pp. 6149—6161, 2017.

E. G. Jones, “The thalamic matrix and thalamocortical synchrony,” Trends in Neurosciences, vol. 24,

no. 10, pp. 595-601, 2001.

E. G. Jones, “Commentary Viewpoint: the Core and Matrix of Thalamic,” Neuroscience, vol. 85, no.

2, pp. 331-345, 1998.

E. G. Jones, “Thalamic circuitry and thalamocortical synchrony,” Philosophical Transactions of the

Royal Society B: Biological Sciences, vol. 357, no. 1428, pp. 1659—-1673, 2002.

M. Horie, H. Tsukano, R. Hishida, H. Takebayashi, and K. Shibuki, “Dual compartments of the ventral
division of the medial geniculate body projecting to the core region of the auditory cortex in C57BL/6
mice,” Neuroscience Research, vol. 76, no. 4, pp. 207-212, 2013.

H. E. Jones et al., “Figure-ground modulation in awake primate thalamus,” vol. 112, no. 22, 2015.

H. K. Kato, S. K. Asinof, and J. S. Isaacson, “Network-Level Control of Frequency Tuning in Auditory
Cortex,” Neuron, vol. 95, no. 2, pp. 412-423.e4, 2017.

S. Kaur, H. J. Rose, R. Lazar, K. Liang, and R. Metherate, “Spectral integration in primary auditory
cortex: Laminar processing of afferent input, in vivo and in vitro,” Neuroscience, vol. 134, no. 3, pp.

1033-1045, 2005.
H. M. Kondo and M. Kashino, “Involvement of the Thalamocortical Loop in the Spontaneous
Switching of Percepts in Auditory Streaming,” Journal of Neuroscience, vol. 29, no. 40, pp. 12695—

12701, 2009.

A. Kimura, I. Yokoi, H. Imbe, T. Donishi, and Y. Kaneoke, “Auditory thalamic reticular nucleus of the



BELHR 154

rat: Anatomical nodes for modulation of auditory and cross-modal sensory processing in the loop
connectivity between the cortex and thalamus,” Journal of Comparative Neurology, vol. 520, no. 7,

pp. 1457-1480, 2012.

M. B. Kratz and P. B. Manis, “Intracortical inputs to neurons in layer 4 of primary auditory cortex,”

Assoc Res Otolaryngol Midwinter Meeting, vol. 36, no. April, p. 24, 2013.

J. Liu et al., “Parallel Processing of Sound Dynamics across Mouse Auditory Cortex via Spatially
Patterned Thalamic Inputs and Distinct Areal Intracortical Article,” CellReports, vol. 27, no. 3, pp.
872-885.e7,2019.

J. H. McDermott, M. Schemitsch, and E. P. Simoncelli, “Summary statistics in auditory perception,”

Nature Neuroscience, vol. 16, no. 4, pp. 493-U169, 2013.

J. M. Phillips, N. A. Kambi, and Y. B. Saalmann, “A Subcortical Pathway for Rapid, Goal-Driven,
Attentional Filtering,” Trends in Neurosciences, vol. 39, no. 2, pp. 49-51, 2016.

G. Pouchelon et al., “Modality-specific thalamocortical inputs instruct the identity of postsynaptic L4
neurons.,” Nature, vol. 511, pp. 471-474, 2014.

J. F. a Poulet, L. M. J. Fernandez, S. Crochet, and C. C. H. Petersen, “Thalamic control of cortical
states,” Nature Neuroscience, vol. 15, no. 3, pp. 370-372, 2012.

S. Sakata, “State-dependent and cell type-specific temporal processing in auditory thalamocortical

circuit.,” Scientific reports, vol. 6, no. August 2015, p. 18873, 2016.

S. Sakata and K. D. Harris, “Laminar Structure of Spontaneous and Sensory-Evoked Population

Activity in Auditory Cortex,” Neuron, vol. 64, no. 3, pp. 404—418, 2009.

S. M. Sherman, “perspective Thalamus plays a central role in ongoing cortical functioning,” vol. 19,

no. 4, pp. 533541, 2016.

M. Takemoto, K. Hasegawa, M. Nishimura, and W. J. Song, “The insular auditory field receives input
from the lemniscal subdivision of the auditory thalamus in mice,” Journal of Comparative Neurology,

vol. 522, no. 6, pp. 1373-1389, 2014.



ZEHR 155

X. Wang, “Cortical Coding of Auditory Features.,” Annual review of neuroscience, vol. 41, pp. 527—
552,2018.

R. S. Williamson and D. B. Polley, “Parallel pathways for sound processing and functional

connectivity among layer 5 and 6 auditory corticofugal neurons,” pp. 1-21, 2019.

R. D. Wimmer, L. I. Schmitt, T. J. Davidson, M. Nakajima, K. Deisseroth, and M. M. Halassa,
“Thalamic control of sensory selection in divided attention,” Nature, vol. 526, no. 7575, pp. 705-9,

2015.

J. A. Winer, L. M. Miller, C. C. Lee, and C. E. Schreiner, “Auditory thalamocortical transformation:
Structure and function,” Trends in Neurosciences, vol. 28, no. 5, pp. 255-263, 2005.

S. B. Yuri and K. Sabine, “Gain control in the visual thalamus during perception and cognition,” Curr

Opin Neurobiol, vol. 19, no. 4, pp. 408—414, 2011.

Y. Zhou et al., “Preceding Inhibition Silences Layer 6 Neurons in Auditory Cortex,” Neuron, vol. 65,
no. 5, pp. 706-717, 2010.

FBRR I L OVE A BT
R. Kimura et al., “Reinforcing operandum: rapid and reliable learning of skilled forelimb movements

by head-fixed rodents.,” Journal of neurophysiology, vol. 108, no. 6, pp. 1781-92, Sep. 2012.

C. Heo et al., “A soft, transparent, freely accessible cranial window for chronic imaging and

electrophysiology,” Scientific Reports, vol. 6, no. February, pp. 1-11, 2016.

B. Pesaran et al., “Investigating large-scale brain dynamics using field potential recordings: analysis

and interpretation,” Nature Neuroscience, vol. 21, no. July, pp. 1-17, 2018.

K. J. Paralikar, C. R. Rao, and R. S. Clement, “New approaches to eliminating common-noise artifacts
in recordings from intracortical microelectrode arrays: Inter-electrode correlation and virtual

referencing,” vol. 181, pp. 27-35, 2009.

P. J. Kunal, R. R. Chinmay, and C. S. Ryan, “New approaches to eliminating common-noise artifacts
in recordings from intracortical microelectrode arrays: inter- electrode correlation and virtual

referencing,” Journal of Neuroscience, vol. 181, no. 1, pp. 27-35, 2010.



ZELHR 156

Kano, R., Usami, K., Noda, T., Shiramatsu, T.I., Kanzaki, R., Kawai, K. and Takahashi, H., “Vagus
Nerve Stimulation-Induced Synchrony Modulation of Local Field Potential in the Rat Cerebral Cortex,”
IEEJ Transactions on Electronics, Information and Systems, no. 98, pp. 47-56 ,2015,
doi:10.1002/ecj.11674

T. I. Shiramatsu, R. Hitsuyu, K. Ibayashi, R. Kanzaki, K. Kawai and H. Takahashi, "Effect of vagus
nerve stimulation on neural adaptation in thalamo-cortical system in rats," 2016 38th Annual
International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), Orlando,
FL, 2016, pp. 1834-1837. doi: 10.1109/EMBC.2016.7591076

R. Hitsuyu et al., “Effects of Vagus Nerve Stimulation on Neutral Adaptation in Rat Auditory Cortex,”
Electronics and Communications in Japan, vol. 100, no. 5, pp. 34-43, 2017.

S. Terada, Y. Sakurai, H. Nakahara, and S. Fujisawa, “Temporal and Rate Coding for Discrete Event
Sequences in the Hippocampus,” Neuron, vol. 94, no. 6, pp. 1248-1262.e4, 2017.

T. I. Shiramatsu, K. Takahashi, T. Noda, R. Kanzaki, H. Nakahara, and H. Takahashi, “Microelectrode
mapping of tonotopic, laminar, and field-specific organization of thalamo-cortical pathway in rat,”

Neuroscience, vol. 332, pp. 38-52, 2016.

PR R R, PR AR B
A. Luczak, B. L. McNaughton, and K. D. Harris, “Packet-based communication in the cortex.,” Nature

reviews. Neuroscience, vol. 16, no. 12, pp. 745-755, 2015.

A. Luczak, P. Barth6, and K. D. Harris, “Spontaneous Events Outline the Realm of Possible Sensory
Responses in Neocortical Populations,” Neuron, vol. 62, no. 3, pp. 413—425, 2009.

A. Luczak and J. N. MacLean, “Default activity patterns at the neocortical microcircuit level,”

Frontiers in Integrative Neuroscience, vol. 6, no. 6, pp. 1-6, 2012.

T. Hafting, M. Fyhn, S. Molden, M. B. Moser, and E. I. Moser, “Microstructure of a spatial map in the
entorhinal cortex.,” Nature, vol. 436, no. August, pp. 801-806, 2005.

T. Hirabayashi, D. Takeuchi, K. Tamura, and Y. Miyashita, “Functional Microcircuit Recruited during
Retrieval of Object Association Memory in Monkey Perirhinal Cortex,” Neuron, vol. 77, no. 1, pp.
192-203, 2013.



ZEHR 157

S. Nigam et al., “Rich-Club Organization in Effective Connectivity among Cortical Neurons,” Journal

of Neuroscience, vol. 36, no. 3, pp. 670—684, 2016.

N. T. Markov, M. Ercsey-Ravasz, D. C. Van Essen, K. Knoblauch, Z. Toroczkai, and H. Kennedy,
“Cortical High-Density Counterstream Architectures,” Science, vol. 342, no. 6158, pp. 1238406—
1238406, 2013.

A. K. Seth, “Network: Computation in Neural Systems Causal connectivity of evolved neural

networks during behavior,” vol. 6536, no. 9, 2016.

M. Shimono and J. M. Beggs, “Functional clusters, hubs, and communities in the cortical

microconnectome,” Cerebral Cortex, vol. 25, no. 10, pp. 3743-3757, 2015.

S. Tajima, T. Mita, D. J. Bakkum, H. Takahashi, and T. Toyoizumi, “Locally embedded presages of
global network bursts,” Proceedings of the National Academy of Sciences, p. 201705981, 2017.

F. Varela, J. Lachaux, E. Rodriguez, and J. Martinerie, “THE BRAINWEB: PHASE LARGE-SCALE
INTEGRATION,” Nature Reviews Neuroscience, vol. 2, no. 4, 2001.

R. J. Douglas and K. A. C. Martin, “NEURONAL CIRCUITS OF THE NEOCORTEX,” Annual
review of neuroscience, vol. 27, pp. 419-451, 2004.

J. M. Blackwell and M. N. Geffen, “Progress and challenges for understanding the function of cortical

microcircuits in auditory processing,” Nature Communications, vol. 8, no. 1, 2017.

J. Defelipe, “The evolution of the brain, the human nature of cortical circuits, and intellectual

creativity,” vol. 5, no. May, pp. 1-17, 2011.

P. Berkes, G. Orban, M. Lengyel, and J. Fiser, “enhanced actin depolymerization at the mDial- bound
barbed end. This inhibition occurs in the submillimolar range of P,” Science, vol. 331, no. 1, pp. 83—

88,2011.

N. K. Logothetis and J. D. Schall, “Neuronal correlates of subjective visual perception,” Science, vol.

245, no. 4919, pp. 761-763, 1989.



ZEHR 158

D. A. Leopold and N. K. Logothetis, “Activity changes in early visual cortex reflect monkeys’ percepts
during binocular rivalry,” Nature, vol. 379, no. 6565, pp. 549-553, 1996.

C. Kayser, M. A. Montemurro, N. K. Logothetis, and S. Panzeri, “Spike-Phase Coding Boosts and
Stabilizes Information Carried by Spatial and Temporal Spike Patterns,” Neuron, vol. 61, no. 4, pp.
597-608, 2009.

S. Temereanca and D. J. Simons, “Functional Topography of Corticothalamic Feedback Enhances
Thalamic Spatial Response Tuning in the Somatosensory Whisker / Barrel System,” vol. 41, pp. 639—
651, 2004.

B, ho e —
J. Runge, M. Riedl, A. Miiller, H. Stepan, J. Kurths, and N. Wessel, “Quantifying the causal strength
of multivariate cardiovascular couplings with momentary information transfer,” Physiological

Measurement, vol. 36, no. 4, pp. 813—825, 2015.

J. Runge, J. Heitzig, V. Petoukhov, and J. Kurths, “Escaping the Curse of Dimensionality in Estimating
Multivariate Transfer Entropy,” Physical Review Letters, vol. 108, no. 25, p. 258701, 2012.

J. Runge, J. Heitzig, N. Marwan, and J. Kurths, “Quantifying causal coupling strength: A lag-specific
measure for multivariate time series related to transfer entropy,” Physical Review E, vol. 86, no. 6, p.

061121, 2012.

M. Ragwitz and H. Kantz, “Markov models from data by simple nonlinear time series predictors in
delay embedding spaces,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics, vol. 65,
no. 5, pp. 1-12, 2002.

B. Pompe and J. Runge, “Momentary information transfer as a coupling measure of time series,”

Physical Review E - Statistical, Nonlinear, and Soft Matter Physics, vol. 83, no. 5, pp. 1-12, 2011.

W. Patricia, Wollstadt; Michael, “Efficient Transfer Entropy Analysis of Non-Stationary Neural Time
Series,” PLO, vol. 9, no. 7, 2014.

M. Lobier, F. Siebenhiihner, S. Palva, and J. M. Palva, “Neurolmage Phase transfer entropy: A novel
phase-based measure for directed connectivity in networks coupled by oscillatory interactions,”

Neurolmage, vol. 85, pp. 853—-872, 2014.



ZEHR 159

J. T. Lizier, M. Prokopenko, and A. Y. Zomaya, “Local information transfer as a spatiotemporal filter
for complex systems,” Physical Review E - Statistical, Nonlinear, and Soft Matter Physics, vol. 77, no.
2, pp. 1-12, 2008.

R. G. James, N. Barnett, and J. P. Crutchfield, “Information Flows? A Critique of Transfer Entropies,”
Physical Review Letters, vol. 116, no. 23, pp. 1-5, 2016.

S. Ito, M. E. Hansen, R. Heiland, A. Lumsdaine, A. M. Litke, and J. M. Beggs, “Extending transfer
entropy improves identification of effective connectivity in a spiking cortical network model,” PLoS

ONE, vol. 6, no. 11, 2011.

D. Battaglia, J. Soriano, and O. Stetter, “Function follows dynamics, not (only) structure: from neural
cultures to flexible information routing in the brain.,” IEICE Proceeding Series, vol. 1,no. 1, pp. 551—

554, 2014.

T D
R. Land, G. Engler, A. Kral, and A. K. Engel, “Auditory evoked bursts in mouse visual cortex during
isoflurane anesthesia.,” PloS one, vol. 7, no. 11, p. 49855, Jan. 2012.

J. F. Ferron, D. Kroeger, O. Chever, and F. Amzica, “Cortical Inhibition during Burst Suppression

Induced with Isoflurane Anesthesia,” Journal of Neuroscience, vol. 29, no. 31, pp. 9850-9860, 2009.

D. F. Penia, J. E. Childs, S. Willett, A. Vital, C. K. McIntyre, and S. Kroener, “Vagus nerve stimulation
enhances extinction of conditioned fear and modulates plasticity in the pathway from the ventromedial
prefrontal cortex to the amygdala.,” Frontiers in behavioral neuroscience, vol. 8, no. 9, pp. 327, Jan.

2014.

M. X. Cohen, “Where Does EEG Come From and What Does It Mean?” Trends in Neurosciences, vol.
40, no. 4, pp. 208-218, 2017.

K. Friston, “The free-energy principle: a unified brain theory?” Nature reviews. Neuroscience, vol. 11,

no. 2, pp. 127-38, Feb. 2010.

K. Friston, “Prediction, perception and agency,” International Journal of Psychophysiology, vol. 83,

no. 2, pp. 248-252, 2012.



ZEHR 160

A. Clark, “Whatever next? Predictive brains, situated agents, and the future of cognitive science,”

Behavioral and Brain Sciences, vol. 36, no. 3, pp. 181-204, 2013.

R. Kanai, A. Chang, Y. Yu, I. M. De Abril, M. Biehl, and N. Guttenberg, “Information Generation as

a Functional Basis of Consciousness,” vol. 5, no. 10, pp. 1-23, 2019.

E. D’Anna et al., “A closed-loop hand prosthesis with simultaneous intraneural tactile and position

feedback,” Science Robotics, vol. 4, no. 27, 2019.

E. D. Fagerholm et al., “Cortical Entropy, Mutual Information and Scale-Free Dynamics in Waking
Mice,” Cerebral Cortex, pp. 1-8, 2016.

U. Mitzdorf, “Current source-density method and application in cat cerebral cortex: Investigation of

evoked potentials and EEG phenomena,” Physiological Reviews, vol. 65, no. 1, pp. 37-100, 1985.

N. D. Engineer et al., “Reversing pathological neural activity using targeted plasticity,” Nature, vol.

470, no. 7332, pp. 101-106, 2011.

K. B. Clark, D. K. Naritoku, D. C. Smith, R. A. Browning, and R. A. Jensen, “Enhanced recognition
memory following vagus nerve stimulation in human subjects,” Nature Neuroscience, vol. 2, no. 1,

pp. 94-98, 1999.

D. Borghetti et al., “Mismatch negativity analysis in drug-resistant epileptic patients implanted with

vagus nerve stimulator,” Brain Research Bulletin, vol. 73, no. 1-3, pp. 81-85, 2007.

M. J. McGinley, S. V. David, and D. A. McCormick, “Cortical Membrane Potential Signature of
Optimal States for Sensory Signal Detection,” Neuron, vol. 87, no. 1, pp. 179-192, 2015.

KIRES, TEROMEEHRIEEGR I, Clinical Neuroscience, vol. 32, no. 8, pp. 905-912, 2014.



