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The Application of Functional Near-Infrared Spectroscopy (NIRS) in
The Study of ADHD

NIWANO Katsuko

Tohoku Fukushi University

Abstract

Functional near-infrared spectroscopy (fNIRS) is a non-invasive and low-restrictive functional brain
mapping method using near-infrared light. It is widely used as a research and diagnostic aid for mental
disorders, dementia, and higher brain dysfunction. In addition, fNIRS can also be used for studies of
cognitive development of infants and young children because near-infrared light is absorbed very little
by biological substances and heat is hardly generated in principle. In recent years, studies using fNIRS
have been conducted in research on neurodevelopmental disorders, and are expected to be biomarkers
of neurodevelopmental disorders. If information on brain functions of neurodevelopmental disorders is
obtained, it will be used as basic data for providing appropriate support in special education. Therefore,
in this paper, the author reviewed previous studies using fNIRS for children with ADHD, which is one
of neurodevelopmental disorders. The possibility of applying the knowledge obtained from fNIRS research
to special education was discussed.

Keywords : functional near-infrared spectroscopy (fNIRS), brain mapping, neurodevelopmental disorder,
ADHD, special education

1. BLHIC

PAE, B4 MBS RE IR AT DS IE S . IRFEZIO BW721 Tld % < IR AR AL HE2 O
BIZHIBHENTWE, RENLZLDE LT, CT (2 ¥a—% —WE#Hi  computed tomography).
PET (B @ 5 : positoron emission tomography). fMRI (BEAERIA%HE T LI {4 : functional
magnetic resonance imaging). SPECT (H)GFHgH#R T » ¥ 2 — ¥ —WiJ&#is¢ : single photon emission
computed tomography). MEG (##%[X : magnetoencephalography). fNIRS (¥&HE RV ARAR 761
functional near infrared spectroscopy) 22%d% 5., N5 OMNEIEMRAEIZ. FNFh, BRI & 22/
SIRFEDRE R, REEOF ISR EOENDH ) BRCHZIED BIICIE U GREIRENLE Y,

NP TEH, FRENTHERE OWAEEIME ., R EICHROMREELZFHITE 2 %L L
TINIRS BTSN b, EHRISE (EERHT00~1000nm) (ZEEROE R E I L TRmvEETEZ 3
L EBIT, MHADNEZFBE Y (Hb) [Z&ko THIREN, ZOWIROFLEET Hb OMFILIREIZ L 5
TS %, TOHb DEALZWET ST LT, EICHEDNPDS 2~ 3cm ORI OB EIZ BT 2 M
ML Z MBI LD TE B, INIRS HiE 2L, IRV ZIRE T 2 T u—T7 &, B SR
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N K L TR 72623 5 70— 72 %5, NIRS @3S 7o —7 i 7a— 7o/ o
e b Hb (oxy-Hb) & FiEEZ L Hb (deoxy-Hb) DiEE., % L T oxy-Hb & deoxy-Hb DZALDOFITH
%# Hb (total-Hb) ZWET 2 I ETE %o EHBLYTIL INIRS 13, DTl b o i o W 3% Sl BE %
EZY—FHARE, EEHEBOMRFCREZEREE= Y —352, HH0IE. WARFROMEIHEE L

BB NET S Y R EOBKHNTHIZERE SN CTE 7225 BIEEIC A v 7)) v 7 L7z
MEALE & 5 2 AT A B E LR D 5 WIZIIETOICH b ED ST b, BiEENE. BRI
A OMBEHEOWIME g L2 MFOMM%Z D 720, oxy-Hb AMBURIFIEB 2 KL L TH D,
GBI OIRIE L L Coxy-Hb 2R BB TE BRI L shTwb Y, INIRS 1322 452K < . fMRI
D X 5 BRI ERAL 2 SRR A CRE D 5 2 LI TE RV E W) BRAENH 5 —F T, KRS HEED
E 2o, IR RSB ORI 285 7228LZ2 ) TV 5 £ A THETE %,

fNIRS {F fMRI & Hei U CHiEICHIE T & 5 RIS, B3 HPE T, #MeE 3HFICERE T 22 L. HEA
HEEDOLLRVWHRGESEOFTEFTHUNET LI LN TEXLENKELANTH S, T2, IMRI TlEHlE
HUZ K E RBEE DS 2 7208 E T 2 MUBA~O RS ZRE L 21 e 5 2 was, INIRS Tkl
DEBEPODOBEEIZIFILALELZVEV) HBFEE LTHIFON S, INIRS IZ X 2 EEREEHIIEH A&
BALERKEE T ZETRTOERBTTRRTH S5, 72, IMRIO L) RIFHN AN E 2 LELEF
WHEOBNTHETEL W) b, RERFTE LTEIF SN S, INIRS 2@ I3 R HEF ¥ ~
ANFUIZ L S5 TREZIEIMRATH D25 FLAEDPIAT, BEEL XY P A N &, #HREOBHE~E
BLTHETLZEHUETH S, S5, BT TIIREICBOWTEHFBRSEOHEMOERKELEL LW
ZEnH. BEOBKRRLHENDISHZZTTId% { EHRLHEZOFHICBWTOIHHNEATY S,

20144EH 5 ) DIF DB L IBHICHR VL OBEMAED —> & LT, INIRS Zfii - 72 Ot bR 5
7 4 —tAR) DIEATTEE EA AR S MR ERORRBIS TEMAMLIN TV S, oM, WG
JHRRE. FRAVE. ERINEERERE ELEDORZEICB W TH, INIRS SV SN T WA 5 DR RAIES:
DIEMEEDOD 5 BHIL, HEFLILKEL T, L), BROZMSCHEROD LMAEE. 5\ IdHAH
DHERIRICKRE BARLEEZ D720, IMRIMAEICBWTIEA ML RIS E B EH4 U A W REEAE W,
ZD ¥, INIRS BB A~DOLI - FIR A L ADBA w20, BEBEOBRFEICLHEH LR TV,
L2 Ly ) OMEENOBREL LTOHEHIE. HL ETOLEBHOZDOHBIFAEL V) MEDI)TH
0. D DIEIRAND 3 IR 2T bW A BN D 5. BFE. BRI TIrbhCw b i
I EERGTEREE SRS D OT, WEEREMRE L L THRICBW T ST &2 E% NIRS #l]
EHBIEL7Z2bDTH 5,

72, BAED R IFE RO 720 OREET T OFHIICOWT HIEH SR TWwb, BEEEAICEA LD
AETIZFRAVE MO —& %2 72 &5 TE D FLOBEBMORIEIRKD ST w5 FRANEILEITH
VHRTEPERE 2 SBEE SN L 2 &2 5. RiERTEFRAE O & 1238 L 72 INIRS 2 & 2 FHINE FRANE O F 101 5
ROMYWMTFERE %2 Z VP HIfES NG, HIHATERREEE LT, EEER, EERGRD. HEOMEE
DA - EEEOMFA, B - WA ae). gk - BZAbie)), EE) - SE ORI, mROBEK
REBHIFOLNET, BANETIEZ NS ORBEFEIMET LT 2% BANEIXREOIRECHRAE L. HIE
RN CHE, BELETL TV, 20720, BEORED ) HIZFR L. BARRGEICE X 500 2 0K
AL Z T2 281285 C BAEICL2WMOEME FHiH L VITESLEL I EPHFEINLG, TOF
W ROFERE LT, MRLESN2 T A b EPEH L TINIRS 12 & 2 BEEREEHIORA DS R EN TV A,

fNIRS (Z IR, A A A B fE 2 52 T & % Ric, VBRI A AR E I X 2 WA I 12 A 7
v FEHERICEDIAE LI W e S, B L THAERNOREZ LA SEL 00V, 2, &
YD 72w fMRI R MEG TH 13 0 GHIl R E 3B S e B TE TR SN 720, BEEIREOFLIE
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ZEHIT 2013 H Ly, LA L. INIRS (ZHTR O & 5 (ZH R PEDME B OHIR S D7 R, S Lok
BHTHIEHINEE L2 wzo, HBEREOAN L 2L E LR TOECAHI RS Y, Hik
R R & LR TIE, BEEMMAOE R 2TV & ZDOMUSDE N, HDHWITREE &
MADEZ TS & ZDRNIS D@ &, TR RIS 2 OS2 e 3 278k &, @&
MR DIFEICT AR THN TV 5B VO ANIRS RFINED T I 2= — ¥ 3 V5%, SiElS.
PSRRI E L EORk A B AIRBE O S EMINTEH I N 2 EWfF s b, MO F F THMK
ISEFHNTE 270, EFROALRTIMAMLTHET S 2 E0%\v, Tz, FIROEHRIZEA OIRE
TR R RS2 IRR L, TOLEOMSEZFHNT 22 XML 25, ARERNL LTS
NIRS % V72 EBO 7 A ¥ TRER» OB THEREORSE 7a v 7 794 VY TRRT 5 2 L%
B DL BTHA VIZINIRSIZBWTEBLRTWAHETH S, /2. INIRS HiEIC L 25HIF v
ANVOEE, RN ERNRICL > TERETEL0T, ARV Ta -T2 AT, Aol
VXD ICHIFER 2. &5 WCIZMEHR 2T ORI R HE bW HETH %o 1L, INIRS ZEED K X —
H—,d, AROEFANOAEI LWV 7 N TRELRTU—T X v v TOREXEDTBY, Fy )L
% L QA ROMBEREOMMEDS IR > TETWE, Z072H, ANROEMBEEKZE ) LH27
O — 7 DECE S N7 RV & — & v, BRI LRI L, AR 2 CIHR SR 22 2 LT
WA EHERR L 72F5E b AT b Twnw 512919,

72, INIRS FHIR D 9 DFEF Z WL L LA-SilmpEE o X 512, BELME) BEOBRITHICH
WEEREZ G2 2 &05T& 5, bHbAA. RELGHORLKE CHEEZRD 2 LEOKFIZ L > TIET—F
777 EBELZH, HOZNSL TS, HEAZE» S 2w, ZREDIBREZFRIIT) ZLTHLHEE
T—F 7727 bEBSIENTEL, TD, INIRS Z W 72K LHIE T, BERE D% FIICH
R A BT A BEZ Tk S BRMICHEZ T 2ELHETH 5, EFSW, HE - EHD (1,
FEUTICBWTHBRES G FSHEZ ZHE LT 2 B oG 247 > T Mo BIG R %2 4552 5 0
e iToTWh,

fNIRS (2 & 2 HIERE DO OB O EIBIIIZE H WIS & - TR 525, BICRAEHRT—F 0 72T,
WEEAED, BITHRER CORETOREEE 1572012, FREIEAHERED 2 W IZERHI#ETH - T
b IO ATH AT O AR E T AITENLE K AH NS, INIRS ZATHHIERGEOWEICHL TBH D,
XS IZIHREN, I H IR 21T ) S L ST X A 720, HEIR, MRFZEEED/NE 255 &
LN DIBH P TbN TV 5, MR ERE MO ETHL 2 A6, INIRSIZE>THLN
BINHERED T — % 13, BEEOBW ORI E %5720 TR %L TOBROMEMOEE R SR % 558
T2 ECHOHEMLRSEZERE LD LEZOND, EFE, ENIORFHEBEE O R R A MRS TIE, 56E
BB - FAxRE LRI X 2L K BEINTVWD, L2 L, BREL5, ZhH DK
TR ONTZARD, B XBREEOBIIHASNTBE LT, Hr3nTniv, £ 2 TARTIE,
CNFETIATDONTVS ADHD 213 L ETHREREDOH L1 Eb G L L7z, INIRS & H W72k
FERERT OB ZEIC O W THEBL L. INIRS AFZED4F R SZR BB DI IZ O W THRETT %,

2. fNIRS Z M7= ADHD ([ZB5 %%

(1) REREOER

HHETIE, FEEREFI [HFRE, 7 AV =B OO R EFEERE, FHREE, EEXH
Z VR EC OM 2 AT 2R Ok E | L REREZ IRETERINTE ), LBHAETH 2
DEFLEDOERIIE LT, TAHOREL [FEERE] LKL L TV, HFEBY TR, 20074
R, FEERIH DRI SHRBBFTOMRE SN TWED, TDOIKE o 7207h%, CHFHAE 720034 12 42 [F
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DITORD/INHFERE N R E LT T 2B TH 5, ZOWMETIE, BEOFRTERRBEAEED D b,
6.3% DF &b DATENH X 7213 FE M CTHEREOREZ RS, 2% ), BEREOWRMEOD 2 il H 4
TED63% V5 E V) T EARBENDHERE o720 TOI0ERICH MO Z FEM L7205 Rk 0.
65% & V) RERTREREITED - 7217, HEREICA SN FHETOE L VHEES, RER. £
Bk - EEE. W ARBROME, MW 2Z2b ) R EOERIZ. MEEoOREICLLIIDEEZLRTY
618)0

DOOEETREBE L ERIN TV L KEEIL, DSMS5Y BT 5 [ffR5ERE®E (neurodevelopmental
disorder) ] & W) FEEMIIHIET 5 —HOEBICZTENS. DSMSDHEID/N— 5 » Tdh b DSM- IV
TR ¢, [, IR, ANEEL, T3 HFENCHO Tk s sEE (Disorders Usually First
Diagnosed in Infancy, Childhood, or Adolescence) ] ®iz, FHEE, LIMIERE, ADHD "4 %
NTWw7z, LA L. DSM-5TIE [Hfg8ERE | LMEMITF oz &b, FEREIIMEEORET
HHIENIDEIRREIND Z L Loz TOHTYH, K2 ADHD OFFEIZB T, &4 INIRS %
ffio 72WIEN S W LS, ARITIZ ADHD ICES 2 H T THEZ LTw L,

(2) ADHD 2D\ T

ADHD 1% Attention-Deficit/Hyperactivity Disorder OWEFR T, 1=K M - ZBhERE $ 72 335K -
ZEE L RSN T b, ADHD OFRFIIMABEN38% &L ENTBYY, ZD9H HD65%ITHEA
MFECTHHEL RAADICBIA20WEIT4%E ENTVES, DSMSOHIDO/N—Y 3 ¥ TH b DSM- NV
‘TR Ti&, ADHD iZ¥ &b DAt - FFRISH 2 METE) 2R3 [BHENATEIRE | o—fL 3hT
W7e2S, DSM-5 TR DT S, IMOREREI1C L 2 M5 ERED—> L Shi-,

DSM-512317 %5 ADHD O # Wi Tk, NEZOERE LM - HEIEORERD, ZhZh 9HE &
FHSHHAAFIZE SN TV, RERE. L8 - HEEOW ) F 7213 VT RAhDRERD H 5 6 DL EA6 A
AU LEHRB L2 DD, ZOREIIIEEOKIEICAHIE T, HEMEB X OFEN TENICERE, B
WEERIZTIZIETH D552 ADHD OFBWMEL /- L1l b, FRITHRUL ETEAEEB LY
S E BN - HEIEOREIRD 9 B 5 DL RN TIUE ADHD &S b, KIERD ) HowTh
PDBI2RICRDHDNOFEAELTVAS I EPREE 2D, T2, EEEORXGE LT, BE - fE - BFEO
XBID R E SN TV 5,

IS DIERDBARBIE LT, ##EL D ADHD BO¥E, AEEDZOIRERIHEENH 722 %
END, ZEHEOZOEFER Lo LES> T BN, HEIEODICNEELZF S ITHICEH DV AATLE
I\ BEEOWHRIATETICEANCRERN 255572055, BEDPHD?, 20720, AR Z &
72L720, FEREIREN) LT, FREGICREICIREE 222 b H )45, TEERBYT
IARBAIRHE BT EAKETHER L TBY ., {HE LOBBOREE 25> TWLDP | ZOREKE P
T5720128, FRPEET ADHD ~DOIE LW EfEZFH, ADHD WASFERIH T 2 A I 2 R S 742
WEDITHY IR E TSI EPFETH S,

(3) ADHD DO1TEhHF % & RitkaE D RS&E

ADHD Ja & RR & L7z INIRS Rk 2 & Bibkaeatill 2 W70 781d % < s T3, ADHD 78
ARITIERDZL C, 72E 21X T—F 7 A ONfEEH SR, EFREOAE, R EROXRM, 17
BIH O KL, K EOH T bR ICHTEATT ORBEASITER T2 L E 26N TWwEY, Thboo
ADHD 25/~ 3 4TE) I CTOHEIRIE ADHD % B3 2 B OB i 123524 9 5 2%, #4784 ADHD @
AR O NZHFRNEREIZF 2T, MoFMEE, 2L ZITAMEANRS b7 AKE (ASD). 9D

6 | EMARHEIFZETAER Vol.21



W ANEREE, EEEREELZ IO RS,

ADHD O/R$ATENFED 9 B HE B TR I A - RIS 1 2 BEATEINC D 2 255 £ Bk -
WIPEICEH T D2 LB\, 7o 21E, FRTRIGZ T & $I228k, BIRRE & KARLHA I
J% 7% EOFRBMERINTWS, Lo L, BIETIZ ADHD O %0 2 RN E TR ETH 5 &
W) T ENL L DI RSN TS, FEATHRE L T L B L2 b > THCHI#EEZ LA
SR R8I %2528 ThHb, TDI2Hd, ADHD O TH 5 L8k - dEhik b FZA7HRE D KN
BHRTLEEZOND,

Yasumura et al® 1. ADHD WOETHIED—DTH 2 Tl EZ HLEL LT, A bv—
TRELMA MV —THEEZIY HIF, FEEICHD HA T B REORBEE L FHIl L 72, ADHD JBidRE
FEVE & FEBRTPICARE) 22 2 LR\ 728, NIRS i& ADHD RO REEHINIC# L T\ %, ADHD 2o
AERATHRIC B AT ORI O ZL 2 e Lz & 2 A, wisE R & el Uit o iesstk
BHONE Y, ARETE ORMIGE O S L EEZ RITLTWA Z LAVRIB I N/,

X 512 Yasumura et al. ® (&, ADHD JEORiSEFT 12 B1F 5 FEATHAEDFRHIC L 28V E RS 720,
ARG D D 2 BEO/NFEED A IV — THREETH ORIEE) 2 2 Lz ZOfE, FERomsKichrrb
59, ADHD Wi et & ik U<, BUEET T o4 B SE AT E 0 BIG 23K o 720 FEATHRRE D T 4K
o T B BRI O T b, SRICEYMITTEERTE T 527 B4l G BT 1 dr g A7 i 5
BETHEMRZ X S ATy AT 2% FRICAEIMUATSE T 2SHBRE IS b o TW B 2 L5
NTWBD, ZD7-, PHEREEAT o o415 4 Hi ST O R 29K\ 225 ADHD O TH D |
fNIRS 12 & 5 C ADHD AT & 3 2 4TBh 0PI & AR EE D 5> & FAF1T 2 2 &1l o 72,

%72, Monden et al. ® &, ADHD ® ¥ &3 725128 548 - HEE IS 5 47 By PIHI B hE e
(CH TS AT OIS & AERICHES-3 2 EReREE (GRS e & A TEEOMRRTEG) 122on» T
fNIRSIZX > THSNIC LAze £ L C. ADHD W& @5 okt 2 ik Lz & 2 A, KBRS &
JREE - BRREEE L H1280% LU EZ R L 2%,

(4) EMEREDBERIGEDHER

20204E B4, /N2 ADHD 2R3 A PRBOEIS KGRI L LT, A F V7 2=F— b (WM& r4—%).
TrEFEFY FERBANTITFI), FT 77y (B4 vFa=7) Bdbb, ThbiEZFhZ
NEEFERDE D 25, Wi d ADHD OLBEREH B, FEERU 7% EOREROYER RO HNT
Who FAEIZ IS OBRFEDIRERDEYERMN A E D72 INIRS BHV LN L Z L H% v, it
30 13 ADHD o S iERGEMEZ T O oxy-Hb I22WT, AF V7 =5 — b ORJHRIHO LK%
L7zo ZOEE. HBOHAMIMIEREAIEM L. EOBHRD LA Lz, 2. KRR IC X 5t
SIROTEHBLOKR, WARICL B - mEEIwE S, INIRSIC X 2@ L —F Lz, KE®
127 MEFLF U OHEFEKIC ADHD OFERDELHE L. S 51T INIRS 12 & o TR BRSSO A 5
NZEEMRELTVWS, TNHOM%EL D, INIRS # ADHD N4 F~—A—& LTIHH L. ZHH
BN R EDORBIE L LTHWAZ LD TE DL I EAURB SNz, FHHIZ, HEWHREDRBH R T
Tl 7% L, fTERE 2 EOLHERER, HEBHBGICB T 2 RERZ O EOMGEICH INIRS Z#H TE&
B REVED D B L F 2 5o ADHD OFEIRUEF I 2T TIETED v, ADHD B2 IO THCHE
Bam3Es, HELPEZEZ TR PR EREKERBR SIS, FHEVTHRIES L) ICREY
HET D, B EOLHEMSNEEPLETH 5,

EPERRALITZEAT £ Vol.21 | 7



3. X RBE~OILH

DLEBEBLL 72 & 912, ADHD (ZIt%RE OB, FICHTEHATE OBREREE Th 5729, INIRSIZL - T
fitkre 2 WET 52 LI2L D, ADHD 072 BN T AT -5 2 A T EHNTE %, INIRS i3, 1K
Ho ., JEREMECTEEN SR T IRT LM L5, HRIEELD ) L8 - HEMtoH 5 ADHD
BIZBWThH, FHIAEEL <1374, F 72, ADHD LIS OBEE, 72& 2 (XAAYEEE IR B0 & B E
DOWZETH INIRS 2SS XN T A, B - HES (&, MEEEO 3O EmiEic B0 2 Mgzl
L. AINEEEROBINFIEHLT LD BATHm AR R CTE R WITREOH 5 2 L 2R L. 8
HHTHESN TV HEREDTHEIZB W T, WL OMEDPDEIRFUSIZ X o TR IHCHE &3
AL EDOMEERE L2, T2, FIEE - B - JBIFY 13, BUG O F ARG TANE 5E 7 0 By [
ERDIEE %, INIRS 12 X 2 KT BIRE QAT IC X o THHALT 5720, WRIBO TR ICEMIM 2 5 2
72 A, WUSAER SN ze TD X912, INIRS DIFHIC & - TH S N LEEE RS, B BEE
WX B0 S DR EHEMIR S ZWEIC L, TEDIE > THERREBF HEORRICOR TS5 Wk
Wb sEEZLNG,

F 7o FERE R A 2 EEEHRERITEH Y T L T2 AM A MR CEMNT A EITLD,
FEHIH L TERRIREEZ T, FELOBMICERE LIHENTiEE 25T A THAH 9,
72l ZIE, B0 RE T CICENTLE 5720, HEORMAENL Y 3 2 HRARE LA EIT H
PHELTWLOTIE AL, HEMMETEEARICIZT—F U 7 AT OARRIGERTLE W) L2
FIARRER L CwiUE, 7—F U 7 XV ICHAMEN T L VWFLTEZHE LA THA ). 2L 2 IXHRFHE
MICEWTET, AT Va—VEREERSES, ZEDREEZMALZEICED, TELOHTRI LR
WETHIEDNTE, FRAERRFEEHIHT2EMMETLLEEZOND, o HERETIINGY
W EANDOHIRD H U, BHBLEICERE L. BHEOH 5 7V AR R EOMMWEZ RS L2, w5
WO DOFIZZBELLWHKOBHEZESEZ)TL55E0, BENBLITOILITHA ).

ADHD i, DSM-57% EOZWEEITTREN TV A ITEHE LS LAbE TS b7, ERiIC
Lo TRV TUTEWSH S W HEME D RO\ ITEIFHED SBWT 27201213, BRELT T % K
RERBE. FHEERE, RO COMB 2 RS A2 LENDH 505 TXTOWRECTOMRE T 5720
D3 ERA R T IUL, BRICERPE LR TVWEEZONDL, ZOM. N4 +~v—H—& LTINIRS
WX D INHRREZHERET 2 Z &S TE R, HARERBN T — 7 2B T Vv, TOO. EROITEIN
PRI CRBIBNICHIBI 2 M5 E LT, BB mGETN A2 L CAEMPAN 2 E M T2 LT 2 EPEF L
WwWeEzZ b5,

WAETIZB AN O ADHD 2 /4 & LR d A SN TB Y, AW ADHD b EHENAL L)1k
720 DSM- IV -TR 75 DSM-5NET & 72 2 212 & . ADHD OHERISIERAAS 7 1 LLRT 2> & 1278 DURi 12
Fl& RiFoh, SHRBATEZRICLELRIEROEE 6 25 5 NHO T2 ERMENT/20. BAD
ADHD # b\ 5 Z LAShil SNiz—F ., BEBHOBE»E T -72. A ADHD 3. FEEHZ. £
KT, PRERITWEEZ EOGERE /R L. BEEARY b AEE, WBEEE, 92K, AEREE, i
PREER CMORBEREINDL I E DLW Z s, WELZHHEIEERE, Z20—2 L LT,
St BMAIZBWT S, INIRS ® ADHD o4 F<—Hh—& L COMREIHF SN S,
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Conception of Complementary Model for Sustainable Regional Health and
Social Care System based on Matching between University Seeds and
Community Needs
~ In the Arai district, Sendai City ~

HAGINO Hiroo, SHIMOYAMADA Ayumi, NAKAE Hideyuki,
SOMA Masayuki, INAGAKI Shigeaki, ENDO Tadanobu
Tohoku Fukushi University

Abstract

In this research project, we will conceptualize a new complementary model based on active and
subjective community citizens for a regional health and social care system, which makes the present
public sector centered passive and objective citizen based regional health and social care system more
sustainable and more stable. This article will describe the research framework and interim report. Our
research field is the Arai East district in Wakabayashi Ward, Sendai City, where public disaster
renaissance group housing has been built as a group relocation of Arahama district, which was terribly
damaged by the tsunami. Following proceeding research, we temporally adopted the “Value Creating
NETS” innovation ecosystem model of Vantaa and Espoo in Finland as a working hypothec. In Vantaa
city and Espoo city, series workshops among local 1 sector, 2*¢ sector, 3™ sector, universities, citizens
and so on have been held as BA where community needs and various seeds were to be matched to solve
various public community challenges. Accumulation of these small successful collaborative experiences
in this BA proceeded to gather more and more community needs and seeds, and advanced to effective
and efficient BA of matching, which have created various innovations. We are planning to adapt this
model to Sendai and add social work function so that we can advocate voices of the socially weak better.
However, there is a risk of the mixing of Wants and Needs. To screen advocated community wants and
needs, in addition to social service experts view, we research community needs with community
assessment methods, which are popular with public health nursing. Real community needs will be
advocated next year, but in advance we developed a community based rehabilitation program collaborating
with university students based on knowledge of the university as a feasible option to realize advocated
community needs and will make a feasibility test within this fiscal year.

Keywords : Great East Japan Earthquake, innovation ecosystem, community assessment, community
based rehabilitation, Arai
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Polyphenol Content and Antibacterial Activity of Leaf Extracts of Tunisian
Olive Cultivars Grown in Miyagi Prefecture

YAMAGUCHI Masato!, NIWANO Michio',
WATANABE Kei! and ISODA Hiroko?

! Tohoku Fukushi University 2Tsukuba University

Abstract

The purpose of this study was to determine the total polyphenol content and antibacterial activity of
leaf extracts of three olive cultivars, i.e., “Chetoui, Arbequina, and Koroneiki®, grown in cold climate, in
three locations of Miyagi Prefecture. Total polyphenol content was highest (87.3 - 894 mg GAE/gDW) in
the leaves of Chetoui and Koroneiki cultivars grown in Yamamoto-Ushibashi coastal area, south of Miyagi
Prefecture. All crude extracts had antibacterial activity. In particular, two extracts of Chetoui cultivar
grown in Ishinomaki-Ajishima and Yamamoto-Ushibashi areas showed the highest antibacterial activity,
between 12.5 - 25 mg/mL, against Escherichia coli. High antibacterial activity of Chetoui leaves could be
attributed to the high total polyphenol content. These results are interesting findings in the cold climate
cultivation of Tunisian olives in Japan.

Keywords : Olive leaves, Polyphenol, antibacterial activity, cold climate, Tunisia

1. #5

2 3HILEWOMBIRAZ B E LT, ZEHMIIBITA ) —7oRER: 220184E5 A5 9 I
MU CHIE L 7zo AR HIZE SRR 3 s, RIS, A&l e, AlGa i E R F, Ioch B gHX (Fig.
L) &L, YEHIBOMBRBEIENICHERE I, A4PHE) ZonFE LT ROWHTHY—T7%2FTT
729 &) EROTICEBIEZIEDY. 1) —7 (Olea europaea) &€ 7 £ 4 o H ikl cHirp
W E 2 OISR SR Tw b, AR TIEF 2=V 7HEMED Chetoui (= MY 1) O, AXA >
JG# Arbequina (7 VAXFF), ¥ ¥ FEED Koroneiki (Z T A4 F) O3 M2 L Tw5, dt
TI7VANETAF 22V TIEEBO 3G 1 UENF) —=TWMTH Y., W EEWDS0% %+ 1) —
THREDTWD, AV —=TFH A VEEAERE LTRERTIFHITH S, Ehmfz. &EK070% %
5% Chemlali (7245 V) &£10% %55 Chetoui (Y= b 1) BdHb, Fa=VTHELT)—T O
BMIZI—a v SEF) =T EHNRT, B 72/ —VERPINGDLZ VI EPRBERFEETF 2=V 7 O
ZERBOLFEMRIC L VIME SN TS DY, K1) 72— VIFHALEN. BuBfEM. BUaEre, I
B - AR 72 & OREREDS I SN TV B DY Yamada H1F. F 2=V 7L ) — 7T HHHH A
PAANERRIT LIVF—1EH 2R3 337, Nakazaki 513, & b A MEMILGALAEEH 2R 7 &L

EPERRALITZEAT 424 Vol.21 | 27



WRWHEZ LTWw5EY, Zrld, FaoVT7oflisttFa =V 7TR¥EAOMNEHT BEL
Chetoui i 2 ZERIFZEH & L CTHBEZ Z), EHBOFIEIRTORE 2B L2 54 (20204E5) T
2HEHZMWZ, 2EHOBAIIHIRL TV D, WA LIIBHIEEIZIZ#30cm FETH - 725 BAE T
100~150cm F TIZHEEL TWb, Ju4 4+ — 7 OFIILAFOFERFIIKEITHEE SN T2 RKFHE R
Tholzh, L7k ) RAEBIEEZATHI E00, EEAZIRD LT 5 EMEN, ERIEEM.
B LTHOER SN, BMBROMEDLEATHYS V0, KIFFETIdF 2= Y 7 # Chetoui &, FIIFIC
F#,Hs L7z Arbequina. Koroneiki @ 3 iz VT, 4V —7EMEWHORY) 7 = ) — VEm L PTG
HIZOWTHRZZOTHET 50 FRMHICIIEFHEIR TS LzF 2=V TS — 7%, R
BEICH ST 202 WO Ly Al - & HsdRBIC S35 2 & 2 HIET,

2, Sendai-Funimigaoka

1. Ishinomaki-Ajisima

e, fo=
- e
'I{"—x ! -I ==

o ]

Lo [
”h_‘:‘::#_{.';' 'L-\,g__d‘) 3. Yamamoto-Ushibashi
1' —.,-I
Miyagi Prefecture %

Fig. 1. BHEARDF 2= 7ES ) — TOHBRB M
1. EETBE S ) — JRE. 2 IATERSEX v > /1Z, 3. EEBLTAFEXRAMETE
HX : ERERFE Y — F https://expo.minnade.jp/ & V) R EE

2. BB B OV
2-1. HABlEeRIEH

REE B —T ORI, A NHmE S Y — 7 RE (BRECH © 20204 1 H16H). BT ER T &
F v 28 2 OFCE FEER R O R R AL SE AT O W g ORI (BRELH 20204 1 H17H). Lo A4-4G
XS GRIH $ 20204 1 A3LH) BT, BERE T 3 Mo+ ) — 7% (Chetoui.
Arbequina. Koroneiki) #H\27zo 3 il % Fig 1 \ORT . A& i E+ Y —71320184E 5 H
S5HICHARZ R, MiaHERr B v Y8204 1) —71320184F 8 H12HICHI AR Z K, 1LocHT 248 4+
) — 71320184 9 HIOH ICHiARZ AR L7z 3 e & BRAMER. K¥4AE, BIRE W) L CRBHESE
REML, lhoil), KEBRTIE, KRETHARZHE L TH2FLFHEL, 2 EOBLEREERL
RERECA) =T OREZMH L7, 3HIBMOMERER [EEM% 13 Table 1 12T 072, HL,
RR G IIRIG WA BIFT 23 % W72 0 b i T 2 Bl OB Z 2 E 1B L 72, Nabil 5i3F 2=
7 @ Chetoui #%35H#1 3 2°87 (Selten. Ousletia, Jelma) (2B A BEH 2L TV 5, L35 ~36°,
W9 ~10°, BEEIX17~410m. FHFEHRMIZ195~21.3C, M FHREAKREIZ1894~438mm TdH
AW, —J, BRI CIRERMEERILAT125~136C. FERFEHREKRAT13105~1389.5mm TH % D T,
F a2 =TT L HARTERPPISRIRIZFI0CH S ERPFRBKEIL 3 ~ 7THE v, 20X ) A& HD
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TTESHA) —THREDIHIEFTLTWL DN, FWGICE 2 58BIIONWT R EII5HRAEE K
FELTWXI2n,

Table 1. EHEBAF U — TEHBRBEHOIN - REFGHIUF U - TEDOINEHR

. Ishinomaki Sendai Yamamoto

site -Ajishima -Kunimigaoka  -Ushibashi
Latitude 38 15N 38° 17N 37" 59N
Longitude 141° 29E 140° 50E 140° 53E
Altitude 101m 151m 2m
Annual mean temperature (C) 125 136 129
Highest temperature 34.1 36.1 335
Lowest temperature 6.5 -36 6.3
Annual mean Rainfall (mm) 13595 1389.5 13105
Hours of sunlight (h) 2112.1 2056.0 1995.6
Soil pH 6.1-6.7 6.5-6.8 6.0-6.6
Harvest date 1/16/2020 1/17/2020 1/31/2020

BE, BE, F5 BERMIERA - L~—D, WwIBRRWE, EFEL WEB LWHR [IRT—%  [RT
KL=  BEOWBFHRRT —% (019FF) HAWRE. (4, AERBBEORRT -2 IRSET
OFEN, WEERTENORRT — 2 MIETEREXOTRTER COBAE ILTHBORRT -4
B BRI ORI £ RT).

2-2. ERORR

BRIL 7284+ 1) — 7 D100~ 200/ R % KK T8, #2%4# (Food Dehydrator LT-81) T
80C. 2HW:m#zMEL (Fig. 2.). B#e#% (Multi Grinder, BioloMix700) THERIZ L72. WO HMIZ 3 D
HY., FERORY) T =) — VIBALERRNK SRR 2 G S 59, KozkEk L TEhoRBEEE
WL $H, AN EZ S0 HTH L. FHEBRICBWTSC., 2 MR OMPISIEAS, G 2 iR A
B CTREMNREOND Z LWbhoTze W RO BERICN T 2HBREOERLS. KoGEZH ML
7z (Table 2.)o 3 DK & 1347.8~53.3% DHPHIZH % F. FFIZ Chetoui (& TOFFMIZB T
fi 2 il & IR TRGERAS WEINZ R Lz, £Fi4 ) — 7T EOIENK1.0g 2 mLiF IS A, 70%
¥/ —n10mL Mz, =if (24C+2C), BT T3 HMEIkE 9 Lice £k, #.0715500% g,
104 0o L. B2 BN, 10mL ICER L. R 72/ = ViR e L7z, BfoMr ks £t
5FT4TTTEBRE L7

Before dryving Adter drving

lshanonmiaki i .
=Ajishima | ' / . -

Sendan i - \

“Kunimigaoka 1 .

Yamamolo ¥ ; P |
Ushibash ! | : |

Koroneiki  Arbeguima Chetow Koroneiki  Arbeguima Chetow

Fig. 2. &4 ) - TJEOHBRAN (FLIFAEHIER) OkTF
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Table 2. 3BDAY—TEDOKHEEER (%)

it Cultivation Cultivar
site
style Chetoui Arbequina  Koroneiki
Ishi ki
SHROMARL 5 hen field 51.0 490 478
-Ajishima
Sendai Open field 49.0 48.8 48.2
- Semi-indoor

-Kunimigaoka (Potted planting) 52.3 50.9 504
Yamamoto

0 field 53.3 477 489
_Ushibashi benfie

2-3. #R)T7 1/ —IEEDHE

Folin-Ciocalteu i: 12X D+ V) = 7HIZHEETN LK) 72/ —VvEERE L7z, i iE 1SO14502-
1220051220 &, =¥ ) — ViREED20% B2 2 Wi CEEMAKIC I D AMLIOmML & L, 72/ =
I (L) SmL 2R 72k, 50%RI275% (W/V) RIRF + Y 7 A#Ei#H40mL Z A, EiiT60
SE %, 6 EEE (Novaspec I Spectrophotometer) (2 & 0 765nm (2B A WEEEZHE L7z, 7
Ty 7IEMAKE L7z, Mz, 10, 20, 30. 40, 50 ug/mL \Z## L 7z 1B —KF1% (FUJIFILM
Wako) ZHWTIER L (Fig. 3.). FHORER) 7=/ —VERZEETEMYE (mg-GAE/gDW)
& LTR®D72?P, GAE (& Gallic acid equivalent, DW 1% Dry weight #7893 8K 7=/ — VREDEIE
KIFKDOHY TH 5,

(Dsample-Dintercept) X Vsample x d

Wi=
Sstd X Msample

Wt B ORARY) 72 7 — Vs, Dsample : i EHATR OWOLEE, Dintercept © Ma#t Y @il oW
JEEE. Sstd @ MUEFROME X, Msample : iF&E (g). Vsample : #EHIIHEE (mL). d: kfaEEL
72 RE O R A IR 3.

2-4. FV)—TEREMOTEEEGER

PURE SRR W 7 BURHE R S & Lol Ok L7 3 it ) — 7 ofiilii e L7z, 72, il
WHRABEOEFT VMK E LT, KW DHS5 a (NIPPON GENE) # w7z, LBX it (NIPPON
Genetics) ZMPGEE L. 96X~ Af 707 L — b ECTHY) —7EMHEO 2 ARG 2HE L, MBEo
120078 ~25mg/mL OHPH L L7zo FRNIHEL TBWAKEE (5 x10°CFU/mL). 50 ul % %A
Flos 2 vz, 15H~A7a7 L — b z@BHEL72#%, Eil24C + 2T, 3RFMBGE Lz, M. 4 —
THEMBBEORD D ICHAEZH 2 0ERY T4 7a v bu—)b, KEEEZMZTHAEZMZ72D0%
AAT4Tarrua—e L, 20K, FHABBEXIY 74 VAEC 7L —F (3M) &AL,
37C. 24BFMI¥EE L, RMY 74 VA RSO SN KREH 20 = —5& % Lz M. DB G-
Wik, REORDYIHAZEMZZZRY T4 7a v b= VOREBR I = =8I 286 % AfFR L
LTHEL,
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3. KRR OICE S
1. FU—TEHEMOR) T/ —IDEE

F 1) —T7FERORY) 7 ) —VEREIE, Folin-Ciocalteu #: % i\, Fig. 3. IZ/R L2 E OB
(R%=0.9969) i NIZHiaA L5t RAICEOE, HRE1IgS-)0HER (mg) ZRETHRIER (ng-
GAE/gDW) THL. o= ®mfi% Table 3. 12F & ®H 72,

0.7
y=0.0121x + 0.032

0.6 R’ = 0.9969

Absorbance at 765nm

0 10 20 30 40 50 60
Concentration (pg/mL)

Fig. 3. KUT7x/—IOEEICAVWEERBFEBOKRERR

ZORER, FEHD 5 VTR L > THERICERDSBO LN, TR LI TAL L, #
Hi 5 Tlid Arbequina %%61.8 +0.10mgGAE/gDW & & ®mA% 5 d & { . Koroneiki & Chetoui 3&F T4 %23
DDFE LIV D59.3+0.85, 59.1+0.10mgGAE/gDW THh o720 —J, IWICH Tl& Chetoui & Koroneiki
MENZFNG73+019mg « 894+017GAE/mgDW TH V. BHFIZE P o720 T2, ERFAEF ¥ V8
T, FHARKT & OF - TR AL ZERT O HEE C O SRRE 2 S b i L TV 525, MFIZERIIR ST
3fEE $272+025~367mgGAE/gDW TH ). 3HIBOF TRIMMVERETDH > 7,

Wiz, WHEIZEH T 5 &, Chetoui 128 W TIZIIICH D 87.3mgGAE/gDW 2% b & AN H 22 - 72D
HLT, D PhroERr EF Yy 232 (275mgGAE/gDW) O#3265 D75 7H3% - 725 Koroneiki
2BV TIXIIIEH] ©89.4mgGAE/gDW Ak b =S 22 o 72DIR LTy b P wER T Bd v v 8
2 (332mgGAE/gDW) DOR27H D %% H > /2. Arbequina TIIHHE D61.8mgGAE/mgDW A%k
BRPERS7ZOIK LT R ELBVERLT ¥ v /82 (272mgGAE/gDW) D235 0 2578
Ho7z

Dbo@y, Fl—mfEIEITR) 72/ - VEBRPEWVEWVIEIEE ST, BT > TEHKE
fEZR L7z L2 Ly IS ICERSBOON/-HLE LT, A& THEE L Lo+ ) —TE#EORY) 7 =
J =g, MBETERTEF: Y Y RZAOZFNERT2~3/E 02 ENBITFONS, F -4
BTl 3MEIICEEIEHP L TWwAZ &, IIIEHT @ Chetoui & Koroneiki (210> 2 Hidsh & Fb~XTH 3 £iF
Lol LA TH D, BHHBNOFRITB VT, THIEFEERITERIM 2 OZHRE Y, HEH
B OWCINER RISV E L TB Y, i TER Y ki 3 #igo T & bl 2o (k) 1I2hiE
L. EEA15Im LD EWIEICH S (Table 1) SNHDT ENLRBEMVHEL D LEDLN
%o i, Table 1. DMIBTOKR T — 2 IMIGEX ARGV T 2 HIBBXOBHMETH ) (EHKEFIX
OREFIX39m 220 FEFER) . E R X OBHETIZ v 4 E, RSOOSR ERE HITE LD
R VEAETH L 2 L 2B RTEL,
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Teble 3. EHBATHE L /24U - TEMENORKRY 7z /- LER

it Cultivation Cultivar
site
style Chetoui Arbequina Koroneiki
Ishi ki
SHROMAXL 5 pen field 591+010  618+0.10  593+085
-Ajishima
. Open field 275+0.67 272+0.25 36.7+0.50
Sendai

Semi-indoor 349+017 291+025 332+0.33

-Kunimigaoka .
g (Potted planting)

Yamamoto

fiel 3%01 48.7+0.2 4+0.1
Ushibashi Open field 87.3+0.19 8.7+0.25 894=0.17

Polyphenol content: mgGAE/g-DW, GAE: Gallic acid equivalent, DW: Dry weight
Data represent the mean of three determination * standard deviation.

Nakazaki 53, 7THOF 2=V 7L ) —7EOfMY 2 HvCe b A MmERMIL O 5 LFE/EHIZD
WTOHEDHTH) =T EHRY) 72/ = VIEaml721T T < &l K HRICK - THREL X
bLEZONDERRTVSEY, Myriam Hid, [ UAMEE. BB EGCEE SN F 2=V 7 L) —
TEIBWT, R 72/ = VEICEVWSE LML DI, LAEENFEICEEL Twd Ll Twn
Y, F WHk, FaoVTIEO 6 DO EMRICIIEFOSEREAREL ) - TERLOL ) —
TAANIZETNDRY) 7 =/ —VHILEWEREOMBBRIZO VTS 2 2 &, 2o IidBk
RIS TH 2 EEHHILTOF ) — TR 2 Y S5 72012 MBS [KE S E»+ ) —
TOEBRHAEANED L) ITEBEE G Z TV NPICODWTHGET 2L ENH D, A IZIN S OFE
RIS AL LTy 2019F12H IS IC/ R v —28E L. 4% IBTER Y IS HKEE
TAHRHZTTWAEZAHTHbS, Wy WL ORR T — 7 3BT 2 BN oo 7 — & 2 i H]
T5ZETHRHICMERZVWEEDNS, R 72/ = VERISGEER 5 2 5HTMAPIIONT, 5%,
K[EBI 2 ZO7H 72 AR S NAUTHE L T & 72w,

LZAT, Fa=VTHESY — 7 Chetoul ZIEHETHA ) —THBDORY) 72/ —VOERIZH
LTHEOPOHREDLED S, Myriam Hid, F22 VT TEELTVWS MO ) —THEEZHWT, ZD
MARICT0% =7 7 —VEMz, &7 HEEHE L2002t e LERL TV, OB LR
EHREST IR TRV, K 7/ —VEEIFI73mg~ 144mgGAE/gDW O #FHIZH 1 .
Chetoui {22\ TliZ, Linouni. Gerboura. Meski. Lucques {ZHiv>T 5 HFHIZ% £ 102.32mgGAE/gDW
Tho72%, Hayet i, Fao V7 TEEENZAGHEOF ) — T OIEZH T, 70C., 24K 1R%,
A5 ) — )VT2URHEFE L7202l E LTWwh, X ¥ 7 — ViR, OGP G F 72 13mEK
) IZOWVWTIEBRS5 N T4\, Chetoui 7547.47mgGAE/gDW & o> 3 §i#E (Meski, Oueslati,
Jarbouni) EHARTHERIEEINHVERELTWAEY, Leila 51X, F2 =Y 7 Chetoui DIEZ 4 FiD
B E AR 72 ) = VEBORELTRTW5S, HIL, 80% A& ) —v, T0% ¥ /) —), 80%
TRy KEHAWT, EolRIZERZEN—E&EMA T, BT C24ARMH, HinfE L7zb ozl e
LTWb, BEOHBFERMEGFMEIIOVTIERRSEN TR, RY 7 2 ) — VERITBBEOMEIZ,
24.09. 24.36. 24.93. 1652mgGAE/gDW & #E LT 59, Ines Hid. F =2 =Y 7 Chetoui DIE% 4
MOBBECTHIEHEEMT L TwL, MIb, AFH 2, BERZF IV, X5 —)b, 80% X ¥ 7 — V&
ATRELZZDDOZHMHE LTV 2, FEOMBTERFHBFHEORE 4 EFlIIR XS5 T v, 3
DY) OEFRERTE LR L gh72VOZRELTHEL TS, Y 72/ —VEREITHEED
NELZ, 1587, 86.64. 10521, 18554mgGAE /g of extract £ L TWa7, KIISIE, FIEEF ) —
7# 34 (Mission, Nevadillo blanco, Lucca) #H\WT. #% &Y T2 WMRER. 80C. 2 Wiz
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BBRRIZL, 80% X%/ —VE—EREMA TER205ERELDOZHMEHE LTwb, Y7/ —
VérE. Mission 77824, Nevadillo blanco 75802, Lucca 25734mgGAE/gDW & #tf5 LT\ 5¥, SCHk
TIIEZW100g K72 ) OEETEHRLTWLD, ZZTREW 1 g U420 IR L-bo%zitlk Lz,

Diboiy, MilGEUrehenfiiho Cna oo, BRI L 2 BMLEIETE 2w, fl2E
Chetoui # 1 2HU) BIFTATER) 7=/ —VEBIIKATH LI Vb o7, /242 DFEGHIR
¥21 72 Chetoui DRV 7 =/ — V&R (87.3+019mgGAE/gDW) DT 7% Abaza. Hayet DF 2=V 7
T#E: L7 Chetoui (24.36 +0.85mgGAE/gDW |, 4747 £045mgGAEgDW) £ 1D $18~35Fd L e v
IR E o Tze AP AL, TR ffifECTro MRICZEZRIETH T2 L2 E
L7z, IBB0TC., 2 MOzt HARIC L, EIHEMFTT0% L / — VT3 HMRIELZDDTH %,
— ). Myriam 5 ® Chetoui ® XV 7 = / — V& & (102.32mgGAE/gDW) X, F 4 ® € & fH
(87.3mgGAE/gDW) X 1 1258V E VI HERTIEDH o720 Myriam 5 O ORIERFIZ 7 HFE T
H Do ZEIFIIC L ZIMMAROEBIIMGE L TR W2 OB M TELRT 2 13D 525, filHziE
ZRIER IR T 2 00 b AN W, Guex HIE7 4 A5 —%TF v M2 HWT, +) =TS
J = VY O SRR 2 it L. R EREITRO LN Eh o LA HE L TV B,

ETAHT, ) —TOEORIMRHIE, — A ) —TOEEENTH 2 1 H~ 3 HIZE/T 20758
BARICEM 2523, FMEEDRDRVEFT R b, AT 1 IREICTEEEEZ TV, ERUSHE72TE
THEOFMOE L7z LAL. FHIICEoTRY 72/ = VERIZEBHND 5 D0 L) Mo THAE
HMEMHD 2 L3S BOMBICBTRLESMETH 5, RINIEIFREE DGRV E Db b BEF L
ML TRY) 72/ = VEmae L. HBIRE 2 a7z v,

G, AV —TERORY) T2 ) = VEERLEN, )T R) T2 ) —VOEERIGTDO—DOTH 5
FLouaRAg 3 BOPERACEM. AR NEHR, SRR EER. STREHP ISR Tw 5,
Shibazaki (¥4 V) — 7 HEOWERSEMFOMETOH T, BRESOT £ 7213100C, 2 R LIS, B ok
E (40T, 60C) LHRT3~45fdF L vuxf VERIWMAT LI L Z2EBEWICHEHL TW5EY,
C DFIRGMFIEA PR L EHL T b, SREBFEAROHMBEMFICE VT, F ) —-7HEK) 7=
J =V ORERRIED T H B BRILIETEIZ OV THAEL T & v,

32, F—TEHEMIC LB NEEMEAR

3HEDA ) — 7 EEHMWIC X 2 HIREERBOM R % Fig. 4 1R T, BABRICH W28, 3 #is
DOHRTRY) 72/ —VEEPIFHE 2HFH IS o2 INochl & AAMME THEE L72% 4 3 il
Chetoui, Arbequina, Koroneiki & L72o I D 2 &5 PH & —EBO KGR BREZREE L2 DER |
V74V AICEA L, B RICiRo bhzau=—%25HIl L. KIBWOAEFHEE 75 7 TR LI, ZOH
FATOF) = 7THEHBEICB W THRIEESRO b7z, IS, WSO 3 4 THH T
125mg/mL TRIGHAGFED50% %= FHl - 72 BT Chetoui (3% 125mg/mL TR H A F320%
ZaRL7zo 720 WICHT @ Chetoui DI 1Z25mg/mL TRIGHAEGELEDI0 %2R L. o Eofti
L) HEVBETRER 2z 2RI, b, K 72 = VEREDZ W Chetoui (22 OHEDH Sz,
EB L 72 BEOWBSEIFC LD, AL yaxf VRENET Y, REERPREILzoTE 2w b
N5,

Ines H 1k, F 2= 7P Chetoui DE, i, HOMA ZEEMBYORREEEICOWT, 3703y
AAR, TyTaaAy AR, TN TY Y LR, KRR VA7) TR, #ET FYRE, SLE
ATW. KW, 7 Y VRO HMOME R UCERZHWTHTED, £2TOME. BRI L TH
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Research on Community Formation after the Great East Japan Earthquake
Consideration on Community Challenges in Life Issues including Public
Renaissance Collective Housings especially with Newspaper Articles Analysis
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INAGAKT Shigeaki, HAGINO Hiroo

Tohoku Fukushi University
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The aim of our research is to obtain suggestions on community challenges in life issues and on
community formation based on these challenges. In this paper we analyzed newspaper articles over nine
years from the local newspaper, Kahoku Shinpo, from January 1, 2011 to December 31, 2019. We abstracted
articles with keyword of “Arai-Higashi”, which is the name of place where public renaissance collective
housings are located, summarized them chronologically, and analyzed their transition and features. We
summarized them into two contexts: ones about victims' challenges in life issues under the renaissance
stage from the Great East Japan Earthquake, and the other ones were about community development
and community formation. We understood that renaissance and community formation has progressed
under mutual influence. Victims’ challenges in life issues may be changed to be more complicated by this
mutuality. So we found the necessity of victims’ challenges in life issues-centered new cohesive community
formation for effective renaissance support, especially in communities where renaissance from the Great
East Japan Earthquake and local development has been progressing simultaneously.

Keywords : The Great East Japan Earthquake, Newspaper articles, Victims, Life issues, Community

I. BLBIZ
2011 CPi23) 43 H1I1H ORHAREI DOFEK 5 9 FEH5HEM L 720 .%iﬁJZLEK Tl £ < OARIBE,
R - FERBEZ R T 2, BIEHERETASEE S, 2019 (CFE30) FREICT, KEXFETORKNM.

B s AR S T LT WA Y, 2o XS &, 2015 CEK27) %Eot V)ﬂi@%ﬁméhfwék
ENEEBAREORBERTICB W TIZY, BELLE LT MW AZ 1 AL MR mEEa iy, e
MR ], IRORI [FREA D 5] IZOWTHELEEPEIML TWE I EARENTWS, £L T, 2018
CEI%30) SEEOREICBVTIE, FIRORRE LT, WAL D5 7963.6%. A%, W) oHKE (AR

Lo s AEREERAZE ; K6) TI3MLLEA80%., AHoRHE LT, i ABud 1 A] 5%48.3%.
U S e A O AT IS 5 D B E A A325% . WEEIE THER] 25443%. S 512, AROKMIE TR

EPERRALIFZEAT 424 Vol.21 | 39



] H165%. HRMHTOEMEIE TV ] $7214%, FTFAOSHRIIZ TSI L T $7584%
THbHILEIREINTVEY, ThonZaxBEFz s, KEABETOEMIET LZbOD, £
CICAET 2K H OBEREIZE A KT LT A WEEEAE 2 S, 25 I BRBEEE. 37 ok,
ATEBIE, E L oS, SHAERSEELTWA I EHRINE, 60T RS, 23 a2=
F A BT BRI ER R EE IR 2 U A 20121, TR OB E O ATGIRE K OV S o B H R & 1
LML, I3 2274 &FRTHRE LA L, EBRIZIANT 72 RIZOWTE R Mt 2 & 23T
hbHLEZOLND,

T, TREHELEDSL ) ZT, B a3 27 (BT AERALOERE N ZII 2= —Y a3 v
DMAERDVPHEHATHDLEEZONDH, — T, ZOL) BREEEDL ZEPHLVERICE - T,
B EI R THREADREVEEZONL, BIZIEHIY &, TAVF—EICENZH T AR
KEKAHOFH COMMENZHLNIL, TNOIEMICORE L EEL LITTWREEZIEHMLC
BY MY & FREERICENE YT, BUREE RER R A 4 OB EICE T 2 HHROMBRIC L 2
FREFEOBHREVFERICOWTEZ LI L T2HNDOEFE Y NOBEERL TS, HAFHIHSES
DIRBIZBWTEH, FHZHATOLIHBHOE WD [EOHOB XY 720h 5 (567%)] Lo
THY. HARKRBRICBY 28K EOAETRENL OCHEERA [tohoB) & | & L THHFORG
HIMzbbH LX), 22T 4 2R TOIHROIE RSN WHEEIBE SIS, LarL, HH
RRKEKOFEK D, FEEFZ SR E L2ZEE. b W ohRZFoNsb00 W gD
II2=T 4T AHHEFICERMMICER L, TONEZ S L7WRIZRZT bk,

Z 2 TARIZEICB W TIE, HHARKER S OBEBIZB T, B KL imH X o 5 fi & OV E A EAE
T (EAEET - FEAET) OEZRMMTObNZaI 227 4 ICHT A2 ROBFRFICER L. HAAK
RO FEHICBIT 2L FNEOHRB EEMEZHOSPICTHI L, 20 2H T AW E QA E R O
BHEER, X 5HICIEETIERE L TOII 22T A BRICOVWTRBEZELZEZHME LT,

o. wisehik

1. T—RINEE KON AEE

GIATR G RASHITALH AL 25479 2 ALk (S S N7 HBRe S & L7ze [k &,
BRI BT B AT IS EITI443 43788, 4 FI47 51458, A5 [ 3754387 % Tdh ) 1P, L[EHK & Lk
L CHICOEFITRE LML Ve W KM D 5. T72. SR omiticd 72> Tt bk
F=FR=2Y 2, BT RIFEKEESEECH TS [RHE] 2F—7—F& L., 201141
H1H»52019412H31HD 94EMICBI 2t FE2 MR L, B, AR ICEFB L8R, 2o
KEXNEECIRET 2 HEFOETEETH 2 ekl 08 (F1. M1)W X0, BEFOERE
E N OB EROZ SN E SN2 LIl X 5,

SATICBW T, PUEE LR S 2 TR L. RIS -> T HAKERB X OZoiHE
RIS AE0E (BLF THRHAKERBEGSHE] £35)] & [Tl oMb D IcH#ES
Land (DUF [Sedbpase - 50 DR ®E| 2 92) IO L., BB CRENEOHR % %,
K EH 72,

WFZEIMIIX. 2018 CFERE30) 4E 6 2252020 (5f12) 1 HTH o7,

2. fRIEAYECR

AFFRIZBCTHITHW 2T =71k, I XTHAFERPOHMB L7230 THE, 20720, FIHICE
LCid, HltZBR3T2 L9172

40 | EEMEAEHERFZEITAE R Vol.21



=1 [ 0B

G ik D%
1965 (HEAI140) SEACLART | 1A K 7 H R Hbas
1965 (HRF140) 4FACLARE |G RIRMBIX OFTE. EE 4 5G4 X2 O % &2 & 5 TEMEAL - EHfbo# T

1977 (HEF152) 4F T H DB P & U Ol LIRS A Sie Lo AT

1986 (HF161) 47 AR SR a5, Al s o D R S o Bl

2012 (Ppi24) 4 Al i AR )y S AR RS i A S5 (2 & B SRR S (I M o0 B Al D Bl s
2015 (CPR27) 4 AT E T SRR O Bl 5

| EEnOFR @Dy
am 'l{.,:lzltf: X

EER = B

1 THXEEEFHERORKTE A ET (2018)

M. WFZehsE

(W] #F—7— e LTSN FHIE1650TH ). MIFEHM L B L 22w 5 & By L 72,
T IR THE RIEE ] oah 5, SSIEEINZ DEHE ICERLTWE DS h o
7es, Dt ] 3 DRHE] CEET2HEROAEFETHL I EnbEn T Eoiciivwsz L
7oo M SN FOMHBEONE LR T 2. ZOWR LEFHIZOVTUTIIRT,

9. 2160 OWT, [HRHAKREREEF & [RHH%E - 5o VHEEFE] 0 2012H5%
L. #SI&2HK L7z, TRHAKRELMEELSE] oFE&2meold, 2011 CPE23) 40100.0%. 2012 (°F
1%24) 4ED8LO%. 2013 (FH25) £D783%. 2014 (FHi26) 4ED8IS% TH - 720 TNLREE~IC [T
JBI%E - £ B0 D BRG] AL, 2016 (CP28) 4ED583%. 2017 (FHi29) HD714% & 7% -
TWwize 2L T, 2018 (CFK30) EDFEIE. WTFhoRFHLIZIZR ULEAE o Tz (€2, K2),

DEIZ, ENOHORFERERINI > TEH L, NEOFBMEICX D, 2011 CE23) F4 52014 (F
1%26) 0 4AEME [ T BE»SOMIH - HRAOBLH. 2015 CPR27) 4% [T 0 =K
MO DI L T EBIEA~ORGI L 2016 CERE28) 42252017 (FK29) o 24EM% [N : 5%

EEEAL IR ZERT R Vol.2l

41



HHIFOFTE - £ HOL DA~OBLI L 2018 (CF%30) 4EA 52019 (CEFK31 - F1oC) F0 24EM % [4
VI REREEBICBIT 2R FEOETFONEE S, STHAMIBORE - 5O VAOBL] & L7
(#3~%7),

SO, [RHAKREBKBEERF] & k% - 5o DRERF] 2L, PR ELFEN
HORBIZOWTHN L7ze [HRHARKEKEELF | ofladrme [ 18] v, [#hanor:
HEETHE - e (5%  BELE I (AT EREFX - #iEMmX FHRIX - ik, EEmX) BAR%
RZGamXE (2011/10/12) | TRHAKRER MiE - £FABE SEHRBX o, 29H 207 Bk
(2013/9/22) ] %, PDiEMBIEL L K ELAEFETORE. i, €L TARCET2H82E ko
TWiz, TNH2H1E. HHAKRRKSE 30 H 2 5EEEIH BB I N2 00, BindZ & o BKNR
IR ELRMEDRD . GHEAEE SRRV 22 e, TLTEDOL ) RMEEZ R THEZEDORK
EREHEENOANEDHIG S, S O OB K ELIRIGE) & 212D, (ER BB OIGE) % BE L7
CLERANMD LN TE, T2 RFEOHEME BEIH] B Tid, [KEEEREZ MG
ARERBI FEH W A 11945 (2017/5/27) ) TMlE - KEFEEREME 51 & FFITROoEkH 4 H
A ARHEESR (2017/6 /1)), €L CGEFOEELH LT [BVH] I2bBwvwTid, [EEAEEERE
HHBED Mlie (2018/12/29) | [ZEDKT BEFNBIAEZ B KEREEE - KEHD L PO
ity BED A EEEHREO RS (2019/8/14) | 55, BE»SOHBEO AL LT, PKH DK
ERNEHEBIIBIT BEGIECRESLZONEE S A A2 & 2388 L72IR 2 R INEE A H AL
DEHNIHRY, TALHITHTAEREOEE Y HANSL Z LT E T,

—7. T3RHB%E - T 5O VHIE ] oa&Ey [BIH] BwTid, THFElR - Tk
iy - WPEARIER BASE 1 » H (13%8) TwHh#r L Wi aEhBe Ry (2016/2/3)] R [SedbiUEE &
PO AE e FIRBERZE. & — IV & B IS RPN s (2017/12/21) 1 &%, G
EHLT SRR VIR ORI, [FRHHIR] OO DITHT 54 XY b RFk S NATEEIRICH 3 % 5EHA°
% o Tz TNHORRHFHENED O I, [DEdfriig| 2% & LMz o & RBIRL 2 AJeh
ENHEAE S N, BEEMRERHHY,, v Y g YR RTEOEGERIEMIN T2 &, [EARAR
TV 0200 F L0 DIHEEPHL SN, BRY - BH0. 7= A7 4 NV SNEE Bl
WII 2= T AR E B L7GEEANAITOND L) I o T2 E b ANE 2 LT 7,

V. &%

1. FHESOHB ERBICAZIWKEBDOEERE

F9, M S NG OWT [Tedbiil] OZE (1) KRBT 2 F MR ORHEN
FrlgLzeZh, WHAKBEOBEKE R OEIH - HEIHEE S TW [T [GRdkibis] o
- FH oD EES T BEIH] [FIH] vt ERHICHEH LAREE ML Tw
oo INHOZENS, SMFHBMEONER [Tellbtig] 0B L HHEICEE L TB Y., FEoBE 3.
ZNOORFAM U T [Gdhibig] 12812 HRFERLHAIIOWT, BHEIZR-> 7 TRI AEEE2ET
WS EDER SN D, FES Y 13, BEME IR E LK E O L OVEE IR T A i S
GHTE HHC, BEEMERICINT 22l H D e o ZHBIRZ R L TV A5, ARFZETHR & Lz iRKIC
BT, BaE OEGE Y HEICER L 2EREMIbhcnize dE 2515,

DI, [RHAKRBEBERLF] KO [FRIFFTE - 5O ) HERF] Ot FNRICERHLEZ
By W OPOREEPRVWEESN, FTRIECBV T B I BBV & b EoEGRE,
WHERL ARG E W) BEP S DRFENELAZITONL L V) HTIRIEEL TV, ZOWFFIIELZ-T
B, BIHEEAARKELD S OMIH - HEIZ A h TOAGERE, BEIRESEFEARIPENL

42 | EMEAEHEITZEITAE R Vol.21



K2 HEHEOHE
o TAARKES ST - 50K .
I&FT4 =L (o
U B (%) W (%) At (%)
2011 (FFR&23) 4 (100.0) 0 (0.0 4 (100.0)
2012 (“FH%24) 17 (81.0) 4 (190) 21 (100.0)
2013 (SFH%25) 18 (78.3) 5 (21.7) 23 (100.0)
2014 (F)%26) 17 (895) 2 (105) 19 (100.0)
2015 CP1%27) 14 (50.0) 14 (50.0) 28 (100.0)
2016 (F1K28) (41.7) 7 (583) 12 (100.0)
2017 (F129) 6 (286) 15 (714) 21 (100.0)
2018 (SFH30) (54.5) 5 (455) 11 (100.0)
2019 (SEHE31 - 4H19T) 11 (524) 10 (476) 21 (100.0)
at 98 (61.3) 62 (3838) 160 (100.0)
0% 20% 40% 60% 80% 100%
2011 (F % 23)
2012 (SERL24)
2013 (F Rk 25)
2014 (EH26) -igﬂsx%ﬁéﬁaﬁ
2015(%{527) S
2016 (ERk28) YEERESE
2017 (ERk29)
2018 (FR%30)
2019 (FFRE31)
X2 REEHEROFEXRER
3 BEHICHIZIRENTORE
(30 B AR S FHE - THoL Y MEEHE
. 1219 i Py
N B 8 4R A0 |2 OSSR BB B D i IR TR b g
2011 CFIR23)~ gklﬁcj DHIA - FHAD giﬁ%@%ﬁwfﬁezﬁﬁ&%@ w]
S . TARSK L e A AW pus 2
2014 (SFH26) LI (£ 4) . AR, R gz FREEGEE, e TR
- BRI RR D & DR
<<< m / i
[ 11 ] )\E’%@%‘&U e S L T
2015 (CFRE27) RS S O L T HkRH . - FEHHIBOR BB %6
- AR B DX R g
,‘\ﬁ . j%,: ) 4 N S
FEANOBLH (R5) M E 5 ) RO Y 4 X b
poqy | [AETL] - BN EIR D & D3R R v .
™ | RHBROWEE - 5T< | - B X 5580 T IR - R
D~ (R6) c RENEEBICBU B RE -
[41viH]
2018 (PR30) ~ | KEAEHEEICBIT | - FEREIED 5 OTE - FeHIEEOL h A RV b
2019 (CEK31 - 45 | HEoAEGoONEE S, K| - BRI X 5158 - T ISR BB 3E - BRA GG
M) WO - TV A0| - REXNELEBICB T B ENE BT
B (% 7)
BHAALRF SR AT Vol21 | 43



THHTONA & DOBRMERHIEDZACITHE ) ANEREE oo T, WHAKRERKIIBIT 2 SEAEME
TICHET HEICOVTIE, ZLOMBENPSRLTEY., BIZIE, DO ERNEETICBITLEEE
LT AZY 3, [EEOANE] 2R3 200mEmELEICOWTH ELH T, IKREEH» L KER
EAECIC AR YLE, HHEED IGERAEFEOF Y v TG EImE | OT 23 X012l Mk 5190,
SENEEBIEGEHEOBMEE LT822RIFTWwh, X5ICIEE - ARG 13, #HEMIcHT
LA OBIRE LIRREE LT, KEAEFEE TR, [ERE~NOANEIGEMZPHEZDY ] [2
=7 4 OFEE] [HAMIS %2 SO BRGSO 758 ] 227 Tnb, INHIE, BIORLE
HREERNEHEBITET 2HEF BT 2 AEEREEEHMDLTB Y, KEAEFITRET 28 EH
WCIHET 25D THLHEEEIRIE SN S,

FBEICBWTE, RIS [FIH] oRFHENL o T, TNEOREEKDS [ ik
DOF%E. THOL N, AHEROLEEZRLE LLEHFHNEL 7o Tz, AP 1d, KREFKBKEHICBT
5 WIRAE S OFME % O $HiME R RSP T, FILOHFEHIIIHELS (d) & LTHR S -X
%L GEATVDZ &, KB R RHIIZITSOMERZT TR ST ST LEEPLOERPB Y EA
TWAZE, 29 LXK T, E0X) R A2BEENDDH 5 DI OV THREET 5 4 E
BHbHIEERLTWAS, LA L, B Didtis] o8 (K1) TORLAEZX ) LT REROMH
RAEFKICEHET 23 I 227 4 IV 2 REABERICENEZH T, T3 227 1 B EMGE L 72015
FERZFoNE o7, 20 [T ClIfEE O D S, FHAHFEROTLELME -
TAAOAETHGOFEES A L L Tw5, LA LRHAKRERICE > TRELEEEZITWEZOVY; %
WEzHL, THLOREVPHAGZHBUNOERN=-ZATHDOND X ) IS0, BRoEL & 3t
AT L DEFRBEEDO AR L TV LI IR ELNZD, S HITIIHENINIORE ) H3A4: AW
ENZZDEVIHIMEEDBETER V. COXIBRII 22T 4 OBEPREKEZICE > TE, AEREE
WSS BB 59 52 EBHELRNS, 23 22T 4 BRZ KB LEEIVRIREIN S,

I

B ot

F

i

N
ct

]

2. [FeflE | OFARII 1 =T HRICEITT

CDOEHIT [FIMI] 2BV TIE, WIROZE I > 2R THERFOERENEIZILLTE 7,
Z LT, 2017 (CPI29) FEDREE, [HRHARREXEERL R & RS - 5o ) BERE] of)
AEWVIZEZFC E o Tz, 2O &I, FrEMEREICE - T HEFONZ 2 ATGREOBHE S - H
EOFRBERIEEOMMEERTL2LIEZ LN, AHY X, BELEEZHERET L MmME LT,
TEALFRE C O Mg SHRL & D2 0vb ) THISHE S O FHE 2 Bt 3 2 LB Z R L, JBE - ARET
& EEEA BT, [RTZEICHR L7230 A% ) offkkt, T MADHERBMIC L - T,
(BB S O] HRDOLNTEYD, EMRPLO Y AT 2R H 722 AT LA OEA
I, ZZAVRLROBELISTICE L) 7R b 0D, INFTHEINTE LML EE - BiF
L) THTHY bT7—74LL [HigE LTOZXZEVDON] 2EDLIEVBHEMTHL] TL2RRL
TWwWh, [FRiME OLBLHHLELOHEONIRBEREIZ 5L, 23227 1 OBEIEKEZD
AEEEZ LV NEER D DT A2 e, BEEDOEGRELZ PRI AR O I 2 =5 1 Bk
HFT LD, COHBICBITAEREELERE LTHEHTRZWES I D 232 =2T 4 BKICE
WTHRE ., WS TS REL FFOEROGFEITEATL DD, ZOBRBOH T, HIBHERSCERYT
BNADEREDSH CHMEL EIREZ R T A2 8, BEEOENEZ L2 2HMA - 2y v T —2 %
TI2=TAOHRICAET LI L, ZNHEEH O LHEDT, BB EECEHREAEROSM I X
DEBMLTWS ZEERY -y VX Yy EYNVOREREZRL, OWTIH oA aI =712 1L T
O [Tk ] OBBICLFGTLIDEEZ L, $/20 TOLH) %I =T 4 RO, FH

44 | MR ZEITAE R Vol.21



FHEMU T e EmIh, FR-AVEVICTI 2T 4 ERIBRINE 2D
EHHIfEIN G,

3. DiRE

AREFFRICBWTIE, [RHAER] 2F—7— F& LTHB LB FOMRBE LIEMAEP LML) 2
v REAEABIEET 2 HEEORTNREE EERICOWTERZ L, I3 227 4 BRISHT 5K
PFoRL72 L2 L. SHOEIHIMEFICHY EFSN T NEZREZ OB OME L2 DT
Hbo FBITHRLIZE I, [l oFEREZHKTHL L, £ L THBT HIMESH 722 AER
II2=FTABETHLI 2B T 25, BEEDANOMBAEROBMN LMD LETH L, 5%
. BFZEE D EBNC [DRfbiEs] CEMEINTw2I3I 2 =74 BRICBE L, 2048y b T—20D—H
ELTEDITHITER M KT, R E RO R oA EREZ IR AN OB &
WIS L, AR ZRERERETIREE LTOHLVWIAER 2 I 2 =25 1 OFBICEHBL T 2 &5k
HHEND,

Z ¥

I & R

e
(%"@

V. Bbhic

AEFZETIE. HAARKBROKERNE ATV 2 [edhiis ] 1[CHE 8% S THMRLFEOHER & 5
ZHOMIL, WHAKREED S OHEIH - HI L HIFAAROREIER L THEINTVEII2=T 4
IZBWTE, BB OAGREEL PRI R 72 LWIERI O I 2 =7 4 B R HIRS 2 & 23R R
ELTEHTHAWHEMZR L7z, Skl [Rd#is] TREASNTWwSL I I 2=7 1 BRICSE L,
AT A B ) KT T, AR AEEIERE LTCoH LA I 2 =5 1 OFBICEHKL T
WEW, Fo INSOWIFEEBIOMEE HAKD, BB H L T L2 ERL, EEOZ
DASLLWAAEZEITHIEIZHBL ) 2WHEENEZ L > 2MY A TH LI L2 SUHICES, Fl&kE
FFZEREBICHL ) FLA TV & 72w,

B

[ARBEEIE, HALRAE R AR PR FEIT IS B W T ST R4 O i i B SC ik D B & i TIT b 7z
M7 uy s b [311% 2L § 2 RO RBEREAL > A 7 2 O — S EEEIN] ROk -] o
TR TH %o

5| AR

1) BEHIRAK Web 4 b [HHIH - HROMEBIEHR - HEROMEBIRGE (HFTTHELILA1LH R J
https://www.pref.miyagi,jp/uploaded/attachment/770423.pdf, 7 7 & H20204 1 H28H.

2) EHIRAK Web H A4 b [PRE304F BE S5 A5 1158 A i 8 i e sl Ao &
https://www.pref.miyagi,jp/uploaded/attachment/743864.pdf, 7 7 =& H20204 1 H28H.

3) IR [FRIEHT R O B T ORI ZLOFHE AT © AV F —REZ I [R5 26
(2), 201-210, 2016.

4) AhH— [EREERIEIEDO LI IRZAONTE DD - RESE I F IR ERFRICE LB, F20F
Z D% — 1 TERLEE S RS ST 76k & ] 203, 113-160, 2016.

5) —fAtIE N HARF 2 [20154E 4 E 2 7« 73 - 3P Zeii Ay 3 28, 2015.

6) FBHA - R 2 [RHARBERKIZBIT 2858 O R OV H # A SR IS 2 Fr el FH o5
Br ) DR R e BOA L a4 ) 23, 31-39, 2013.

EPERRALIFZEAT 424 Vol.21 | 45



46

7)

8)

9)

10)

11)

12)

13)

14)
15)

16)

17)

18)

KEFWIT - EARMZE TGS 2 V2R ARRERICB T 2308 c+ 2 5% 1A
Pl E D3 (ARG 69 (5), I _75-1 _89, 2013.

WIOZsYe TH IR EC 5 2 B SR I RE oo Ry s B B — 4 T H 201148 3 H A 520144E 3 H ot $ %2 T4°
Y& LT-] [MAEBCGE] 16 (1), 117, 2014.

AREES - ZHEE - THR#ET - fIHEWRT - FREMT - CESFET - 5w - fRETR - ILE
PREF TRHAKREKZD CHMBELZ SO NOKERE 203 - FiHicFoo2EL<-] [H
RO EIRATE R Ao aizE] 29 (1), 73-77, 2014.

AEBAIL - FNETE [REEE—EF IR Fi & #rE#HuE2011-2014 — A K o e pl 1203
BB IO WT — | [IEMERALEZERT4E3R] 17, 113-123, 2016.

EHEEH (28 ] 2&0HHEFEOTF A M~ A = 72X 21587 ] [Project Paper]
43, 91-109, 2018.

WA AL T8RS https//www.kahoku.co.jp/pub/media/about/index.html, 7 7+ A H 2020
42 H17H

WAL AL e P T — % X — 2 | https://t21.nikkei.cojp/g 3 /CMNDF1l.do, 7 7+ A H20204E
1 A28H.

it (AL E A i Gt g - Al eIk X R P S vk TR0 &dk ] 2018.

RE [ B0 AENE] Z2I0Y R 720 O s S8k — 3 H AR KR S5 o FEE A E 2 % )
& LTl MRS ASCGwE] 49 (3), 679711, 2017.

MAGHAE - TR - AARZET - BHMA - WHEAT [BEES update — B O mvH ER K5E
W2 BT 2 EEE ORE - HHAKBLK ORI & 5 HBOME] [HARBEREERHE] 54 (2),
136-142, 2017.

EEELL - AAARERE TRHARERER O K ENEEBICIBT 2ERLZAVCOIRA L 5HD
A | (AR EEaE) 99, 128-133, 2017.

AR TRESEKE BT 2SO Z D AL D205 E] aaal 47, 149,
2018.

EPERRALIFZEAT 424 Vol.21



14 L1 N
BHK HOL - W/ LLeE ¥k BRI WYY H| ¢ /11| i |
PR T i s T I R
D MRS W OLE B T BFC IOmE E % QLY S H
YKL= (LG ORI BT AW Y Y Bk 61/01 | i | €2
THETEL, A b £ WA H¥| L0 | i | 22
THETEL A b £ WA HM| 1101 | i | 12
TAHET R, A b &5 WY HM| 0L/01 | i | 02
e et et e e | o EHITRE o 6| e | 6l
WM, < 2SR A6 RANGH ) S, S g, 320 H
SRS, TS L TR % IHWME 6| <2/8 | Wi | 81
NWE - E G WENY H €1/ L | e | LT
@3 EWME, 6T WA T ET R, WEY Y H| 62/C | il | 9
. . . e e e Horve | e | o
FHE U L QB WY KT T OB 363 H
Bl HH O MR - M TR B T T T W 0 ST Y Y H 3k + 2102
S - WH1G 0 O il /% | e | s
WU C VYR RN [— b LA — 2y | WA - Sy
s SN o ot rany o, e e | s | 2T
9% B LITORZIIINN, ARG 1 % T ME, WYY H M
LI L~E DTN oo | e | 10
SN U R TRED WS LY £ 8% - BHBTME, WYY HE
WH DT GW RLBLEVE] o | | or
T B N DS B (B I | S 33y N [
WC T - Ol W 8 HEI00 YA — £ — A & ¢ VB A - ST LT | i | 6
. N . g %UQHW ‘P 2/2 | I 3
TOBEY UHFRT R/ (1) LO5> QUMY - S FHEWT Y 3
S G — 4 R [ D O% R I AT T WAV 0% 08/ 1 | i | L
MWIHF IR @¥H € L—A 92/ 1 | [:hH#E 9
4 LIN RTCH /BB Sy 2 00 Wil [— b L4 — 2y ] M - gy ;
Y R MUY T L — Vo1 | g | S
4 LIN RTH /W MEEE M40 - S [— & LA — 2% ] BB E .
0 14 NNV
- — . . W€ BV o rr | g | v
TIGHENTD G TS 8 0% ROtk i 2 WM Rl 20 H
WAL UL OIS WU - M| 0Tk
MR - KRR D) 203 %Thgs (3G) S - WM Y Gl 2 1102
Tk 2RI I, WRNOE LW (6) MW EEIMUI0z] €2/8 | Wi | ¢
=
009131 1 “FU:HET0CRI A 1 5 /W % 00062036 iy gz spro /9 | M
R0 v oG F - BRI SRR H N9 W | ON | &

HOZFETRHN

HVEOVEE) - HIB O ¢%E (M%) E— T HyEE v

a7

Vol2l

JENEAR AL 72T 45 4



£ 8 1
PO, % TR ] SN OW 0 T R R, WY Y 1% 05/11 | i | 87
Y HOT - MR, TIE%OTZ A B 53, Y Y 13| oU/TT | i | L7
002812, Y F 455100 L), 2By 000 57 536 3628 ¥ 13| S /11| it | 97
QO 1 R ¢ B Y 0D RN, Wy [k 06/01 | ik | <v
BORLNTE WK ISHACE Tl - L) Y [k 0L/0T | [l | v
LT 6L B30 A Y S0 O e 20/ 6 | i | e
ARBHU /| e H L TEA L6 BB R O T h 4
2 H—AIE 00 o7 o | e | 1y
M) S WOBHETEN WG > £ & —x b R WA 0k
HTWI AN TN LRV, HTLT o | e | o
S - BHETEN LM C 3 HEFRONI S OB6E IO QS 00T :
H—N
BRRRERHOT LY AR TR - By k| 01/ 4 | 6
w . u . L ZMEABEE S o) e | e
MBI (LW O > O G EME - U QSR OBHBT, WY H K
YD W e 4ok
S D SR () SR MR 00T REOB R R N
Sr oy CHPWH YL o) e | og
LAZd 0L/ SEMEHD N W0 > g B3 - Sl /3 1
IR I I
BT QWS - ST — ¢ 9 237/ TSI ffehs - T
o - e s <t s ] L/0 | T | VE
SIS WISWE BN W S R RN WYY
o . - NI 0| ROZ B TR
NN 9 B E /T WY G T1995E BRGNP ok
WHTTH © v i M hd £ 0 SR 63 - S 3B k| 22/ 7 | i | e
SN PO, FE RN TR0 NE, MEY Y 0| 12/ 7 | i | 18
W (5 G E WA VM o e | o
BRTUM L WIOF - W B0 DTG — BRI, 36 1k
W R TN SRR A 6 BT 2100 R - S T2 | Wi | 6
BPUOAC — ¢ S A00SSME T i, TR SURACH W - L) Te/T | i | SC
[DMHEME RN,k cA ]/ SE—- VLAY 62/1 | i | 22
AV LR LGS CG WA A [ — b LA — | A - ST +
PR O WG, WA /1 | Wi | 9z
RTINS, YT ETHCI07 T [— b LA — oy | B - L) 4
TN 0 > O F - K TR Y Y N2 W | ON | &

ORYvE

Vol2l

JEAEAR AL I 72T 4 4

48



z L1 I
FHATE - S LA Al E G B EN F LS BRN)| ZT/ST | W | L9
N AT Y 3K 4 E AL 2 QI A - 2l ST/TT | i@ | 99
Sl /s 2 WNkeEr BBy 36BN H¥| 72/0T | (Wi | <9
NUAZC &Y OUR UMD T E FMOEFURH  61) VR ¢l QL0 | tha | 9
H —&—07T—L2N (&—A(1) SI00YY ~ (9T1) ¥ 22 YLV FiH
S [FBHETHE ML SN FSAMIENN 2 ¥ EEN Y HH| ZT/0T | [ | €9
THAETEWOHHN - S SHVANF T -4 —1T UEXXYH¥ /01| M | 29
M W BN SN EHEATEN T LB Y HME N
HPF CPWWDE e (L) FHETEN WY fdr € O EEY Y HY| L/6 | i | 09
Wi - STl B E S 9 R Q<G DV LRR MM GEY Y HY| /6 | i | 6C
YA TOEHHTN oo o | e | g
FEY A L—FHOS “HEACHi(ESY - S OB FEHOWMH EEY Y HM (983l k)
A LAY o) | e | T
T 2 [ (S o]/ THATENOHRE) WY MEY Y H¥M "
QL EHIH L G NS kR | LT/ 9 | il | 9G
N UG . 11 ., [ O/2 S8 I 1
I HEHFICK W T A B Y O S H FBHEATEY - G GEY S H M
N s it e BN o e | pe
bLor s /G RYIE YO FHETEY - Bl EY Y O
2 c 8 I 178 4 g E =) Wy C o " V/v | & €s
AR 0> A HH (7) FELOTEMRMUE) Z¥ D2 ST
Wi - Sl SN o AT HET GEY Y HM| 92/ € | [ | 28
(Y 3 5 3, SRR O BB o o | e | 1o
T YRE <A S>HBOFEFEM(F£G) ENOWMEH 4 SN YHM
A — LG " BHEATEY S ERA60Z G GEY AN 22/ 1 | [iHHE | 0S
YU B I H 9 ER HIsOoN~ 6@ FHEAM) T/T | [ | 67
HEERE O PG F - KB SR EE Y Y H M HI3%| BH | ON dy

@=BvE

49

Vol2l

JENEAR AL 72T 45 4



il 4! FENY
2 SO0 D X
ﬂﬁp%ﬁuggaog\wwg%p%mgmmawm&wym ooty /e | i |
NG E LR Ol RS RE L W, 42— D13 A ARG
n - MR T B WA DR g | e | g
S LR RN WL BRIV T L A X o B G
BH LT LD DN HOWE  REE SRR B eU/al | i | 26
PR PN LR TR TR il e |
TG A b RS GO oW O NG G 2
. WM E L —n 01/21 | [t 06
UMD TR, BT, ¥ WHOL WEDH  WhNeE L e e
Stk 7 RS TR o~ Y £ Ry L
Q@] 4 2y RHE HEITL NGAGIMAE 60 BT G G 2
a — AWMLY W L/T0 | ki | 88
U RO (D) €12 ERMEY WL TR >0 (- 5
MR BT W Sk 92/6 | Wi | 8
HT UK WY, B S IR AR WG| 81/6 | (e | 98
U B YTNOWE HESMEC (WEWR M oM vam| 078 | ME | ®
S BURAHAE B H (K IUT € T Fat (WL TAE | | B | 18 (Laad)
3 WNCES U C o] SU/L | i | €8
TR ) R R OO, B - L] SUL | I | 28
ETR A% L WY, ~ LRI A whI - G 02/9 | ki | 18
3 OHEYE (¢%C CRF| 29 | i | 08
WA £ 32 VTR B2 A - SN A T 12/s | i | 6L
WHEREVE T CHK PG 215000 Gl S 4 o STV | i | L
L A2 O R AR DoMWL T | i | L
TR A, G SR k| €/ | ki | 9L
CHFHOMDHY G HE YECe voaaw| 1 | e | o
g PR N0 e | g
THME BOME,~T 20T WY FHALD REN(D) SO
O EMEL ARG MO, Mo Ga R T ALY ARD
FEIOATAE N, R 3 M S MG = SU/7 | il | 2L
BAWE ORI,/ ~ THWRE 00T, %1 4 T A 100w = L1/¢ | i | 12
CHERT [ B GBIl BB B oW, 36 Y (K| 12 | i | 0L
WHR T 55, A B O WL, Y L] 8/ 1 | i | 69
s , e /1| i | 89
TS WE b~ R LR O KT BRI M L) 4
T 0 > O F - K TR Y Y N2 W | ON | &

HOFERNN

BV OV R MR EE O 9 ¢ KT [ IH] -

Byt G

EPERRALIFZEAT 424 Vol.21

50



o1 9 Iy,
P 12/21| kg | 821
CIV SO S T @A — 2 SRl DR TG
ST LA R AR AT 62/11 | T | LT
B - WD SR AR B D LT/0T | Tié | 921
TR — & 4~O08LHIL U 2N H LG W3- G £1/6 | Iié | St
Y en—4x« o
U lhe BTN LK 4RI [~ l—sk Y MIEY 463 G ¢/6 | Ml | Vel
YT LU [k O 2 %2 TR 12/8 | i | €2l
U6 NI~ =4 Y L=T 4 G4 SB[ 2 Eo i ZU/L | s | et
GILN WU E, — < AT C1/9 | it | ol
HEORHY, ~WWLE K HA0T 216 RN EETE % G| 1/9 | i | 0ol
LMTOTT R M A Y P E) 2 BT 23| L/ | i | 611 (62261 )
Sl TEWE e 2~ L)y & BKNXL A2 04 b4 11/S | [ | 8IT S,om,
YUWRY 4 &GN AR 2 A% W £/S | i@ | 11
DB EN Gl 052 H MY SMUIL, 3 IHIEE| 1/S | i | oIl
B HETHG 39—+ /b | I | ert
L=y T A A= & HIBHNEN 2L) XA —G— i oRE
(1L HS ~108) 2&20mL| 08/v | [l | v11
PO RMOEW T Gl a1, L0 L G136 2e/v | i | it
FOWR N E8HIL @y | g | e
GV Q[0 530 ] Bt b BB HE3 - EL 2 O kil 0 B B3
Wi Ol SHao T DEY 2om 2% 5 O G4P%| 12/ | [ | 11
SHRTI Y008, G461 0 | G- Wi, WL 2 W W Gy v2/% | g | OT
N I A aR: D I L) S/T | i | 601
N SN Tk D /T | i | 80T
WRTN WD PEE BTNV TS A ¢ LT Q3 o) ;
L g BV
- G521 61/21 | g | 20T
W RO HY SN WY LD EKO MM Rl YR
TWEIY T £ H LoD Me 43y BT K B hioe €2/11 | il | 901
SECT R Ui M7 —4091 TOMVSOX| 6/01 | i | S0t
(277 132U HOL~| oo e | o1
L BTG SRS NEDENTT 4 6 L] HIEHY 09 % H H vy
Ol S O%— ] EORE () BT 0% HNG FHO MHOWTM| /8 | Wil | €0l
Bl ol (82%1d)
RS ST H 2B~k — TR S 2wy o4 4 | e ] et | 9Tz
Ll ~ 7 N AL =
FGe 3 - Gy B T s & S aC 61/S | i@ | 10T
FURY PO QI GRS hE, MO ey 336 % - Doy 02/v | ki | 00
(Tl oM A 7 5 C 28] loetk S HEMWY Y47 7% €0/€ | Il | 66
QRO H S K BEHE G AR GRS L1/€ | i | 86
G A ), G NG EGE WK 2 8, W £2/2 | i | 26
ST £/7 | e | 96
BTN (FET) B @ TBI MESTRENE - D) Sk © e d T
FRERM 0 >C % F - BRI G Y HOE HO%| W@ | ON | @

HVBEONV M > C G R - FHOEMHE [HIL] B HYEEEE 92

51

Vol2l

JENEAR AL 72T 45 4



0T i TNy
TR LA B — 4 2 CRANET, L2/TU| ik | 091
R EH QAT N CH o | e
OMTERYY MW OENE THETEN, YR TIEMNN  ODT
War 3 FAH QBT T 0Ty T/8 | s | 8ot
REQET YHM2EF QY L0 | e | ozer
O EEY N S BILTETHY BYLY, ¢ 2 THI6%H HoHT
QEWMLH A VTA) TENEII - WhiN BN WHEY WU/ as 0o | i | ot
G/ WIN  4TANL YR/ H0CL AL - B Y B )
ST C Q0N 61/9 | il | ool
Wt - ST B & T S AF A S T 8T 61/9 | ffé | el
W MR SWF, CRFoNE| T1/9 | ki | €cT
¥ WEIZ AN C QF0| 66/ 7 | ié | e
WD QN B 0O 22/ Y | g | 16T | (e
, WG W 055 %, oo | i | oer | 1ER
RWEE WO AW TR M - R W2 (6T O 6102
W @ ARG S W 2/7 | i@ | 61
A QARG S, AT AK
SN W RO [/ oIl 3075 82/€ | i | Lyl
NWCT I, T (L) BTN TH T R | 9%/ € | i | opT
WSO N, 5% (1), R 24 RMH 7 W | o /€ | i | ovT
G > KRB CWNR S G ETY W 8 WY HIH g
WerYd TUOTW, (1) WO BV, 72 T 4oT%| 2/¢ | i | el
YWY HT8% (1) WHoAC W%, ¥ 2 H 6% oD% ¢/¢ | i | o
R oo | | 1
UER WEF Y SWR DT BT L WNACL - L BRI 502 T i
UG KM 02/T | ki | OvT
HY . S3 WL oW RS TN TR 2y AL <25 g
g 9 TN
Gl R E  TA R 536 60/01 | I | 66T
AN REHY A — 4 2 BRG] T/1T| [k | 8€T
DR B AR NLHE O, A —4 2 CEY I T/TT| i | el
CTR TO50G [T La@]/ 1505 4. o) 2/6 | i | 981
G QTR B VS | W [ ST | o
QT R ECHR S VL L | 1 | T8 | g
3 GO C S FoE| 6/ L | W | el
Uil BRANe? WY (o7 %%] >2CF S1/9 | i | et
B
SFMEID L R 6 3% TUETEN BMERYN My e 00V | M TED
A A AR A 1 e 8/7 | i | 081
SR A ER A R e e O L 6/2 | i | 621
T O > o9 - BRI TR Ry 1k H12| W | ON | &
==4
ORI TR BIEON (1> C G E - XMOHHHE 2EEOZTOENMSASIZHETEY [HAL]  5—1 myElmy /2

EPERRALIFZEAT 424 Vol.21

52



R & & X
WO A v b T — 212K B 3FEA R

e H—
SRR A

Text Generation Based on a Japanese Data Set Using Generative
Adversarial Networks

IWATA Kazuki

Tohoku Fukushi University

Abstract

Automatic text generation using generative adversarial networks (GANs) such as SeqGAN,
TextGAN, and LeakGAN has attracted substantial attention. There are numerous studies regarding the
automatic generation of English and Chinese texts using GANs or related algorithms. Moreover, methods
to generate sentences automatically based on the speeches delivered by the former US president Barack
Obama, captions of images, or Chinese poems have been realized. However, there are only a few reports
regarding the generation of text from Japanese sentences.

In this study, to investigate the differences in generating text in different languages, we generate
sentences from the Japanese novel “Botchan,” which was written by Soseki Natsume, using maximum
likelihood estimation, SeqGAN, TextGAN, and LeakGAN. Furthermore, we evaluate the generated text
using the metrics of negative log-likelihood loss, 2-gram BLEU, and embedding similarity. Consequently,
it is concluded that LeakGAN can generate the most natural texts and that, for unknown reasons,
TextGAN does not perform well with regard to automatic text generation.

Keywords : HRS R, CHAR, HOSERA Yy b7 =2, FEHE, b A

1. Lol
—a—F ) Ay VT =7 B[R L72EER A v b7 — 2 (Generative Adversarial Network ;
GAN) OREMN S, M X 2 BEIERATEH 248D Tw5b [1-3], Goodfellow H23#d THREL 72
GAN 7 VIV XA FHGEOER Z NG E LTBY, Wifx AT 548 (Generator), B LU, AL
W DR S N OWE D, A7 (8T —%) kT %54 (Discriminator)
D22ODFT T 27 bpLo72ETVTHo [1]o ZLT, TNHE2200F 7T =7 MHHRTHIIZ
FREEDDLLDTH D, Thbb. BHENICIE, EREFZFRPIZEBEM D LR N D ER A% X BT &
LWEIHIZEEEM#D, ZHUTH LT @SR O LR N LD % IEMEICHENTE 5 L) 124
HuefED D, B, MEOERICITERLR. BLY, #NHFCEAAA=2—-F NV - 2y bT—7F
(Convolutional Neural Network ; CNN) W o s 2 Eh% v [4], CNN &, &k ERIENZ
BACICER R R REAER IR E iR =2 —F ) - 2y N7 =27 DETIV T, RIEOEWEESEFIZB W
THLME=Z2—F NV - 2y bT—7E#ED 1 OTHS [5],
AT T, HAREREGE, PEFEE VS -HAARSHEREF L ERINEZAT 57— 7O GAN D)5 H A
REZINTVD, INHRFNZHIY KD GAN B LM% ERFNZA I WT—F 25 GAN AL
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DEWE LT, CNNJHEDT, /KD =2—F )+ 2y VT =7 HEPRIT— 7 2/) DICRME T
HHEIEND, FOMELZMRTL-OICERSBE L THREN=2—5 )V - £ v b7 —72 (Recurrent
Neural Network ; RNN) #JHWA E2xH5 [61,

RNN@EO0 =+ 1 — 2 - >t DIEFZHTLRHX7 bV X= (&, 1,7, %) DANT—F %, T
XTHRZOENLZMIELTHRYIE

=A%, +Wh,,+b.

CZTCAlR=a—I NV -2y bT=2, b@3NA T A, H= (hy, hy, hy k) EATIE (0<i<t)
g AMIME (B). W IERVIBOEATH D b, 2 b, OEHE EORERBINLEHLDHTDH 5,
ZFLC, t ZHHOW I b, 2, t FHOANTH A2 12X W, t1 FHOMIIZHET S b, BXOD
OMELTYH 2%, Lo T, EBORIHETIE, =0 IZBWT, Arg+b X > ThyZHUS L.
ATy +Why v 12 & > T h, ZBUST 52 L 2 BRI+ TTHH LT, RYIEHRZ KL 72D %2845,

ZL T FHITE BRI T 28Ol HET 2% L. WIMEEEED 2 50951505
NBLIEIAEEZ T, BHRERRIETIT) . ZOBORABHELT, A, W, b iZEhZNFEHLLOEH
WDIET, HEANRERICKLTA, W, b B3H 5D TIE R, £ETORZTHRED A, W, b w5,

722l SOETNIZEW OFEL AL SNLEDNDH A7, W B 1FETEVEGE, RIIERATHEE
LTLES7) (W1, #IZ BHELTLES2) (W>1) $HMERH L. CoMEE [HFY—
M TABTZ =M TGS =M WA= 1] LiFEN2 57— M 28 AL T®HLAZETIVA Long
Short-Term Memory (LSTM) &(MHENALHDTH S [6, 7o T® LSTM 13 E 5 kPP EIER 22 L
M4 TR I T b,

WO 2 L7230 GAN & L Tid, SeqGAN % TextGAN, LeakGAN 7 EMRR I TW5B
[810]c TNHD GAN IZBWTIE, IR LPERHFEDORINT—F L A7 L. HER#EE L TLSTM, &3l
L LTCNN 2 HWT, SEFRANTIUKRERGEDO A —F, iy EOAEBIZE I L T [8-
1] 4% b, F¥ 7 ¥ a3 VARRHHEGEEFERO AL, THERE A 2R %2 ET 25T TOIL
A IN T2,

L2 L. B EO—FOMIEH 5 A%, SCAERICE T 20581339555 L HEEEDO b 0% . HAGEIC
M3 2550134 % v, HEEONHIZHHED &\ HAGE & HEEDNEE L TZ 0 H MW 3EEE & Tl
AN E NP L LW RN D B, £ Ty AR TIE, LTD4ADDRYTF—F A7 VT XA
DVWTHRFEDOTFT =7ty M 2%HF—% & LTXOHBERERZITV., ZOMEEZHE Lz, 2B,
TRIZBWT, SeqGAN., TextGAN, LeakGAN BSHUON K7 VT XL TH D,

- Maximum Likelihood Estimation [6, 12]

Maximum Likelihood Estimation (MLE) 1. 3CIZBIF 5. XFF I HFEO ARG Mi% 1,12 Xk -
THEBL (08592 —=%), ZRDLDH YT Y IPRFEBEF—F L —HTH LI A —F 2 HF
TH5LDTHb, Thbb, FERTFT—FIWVs=[xg, 2, 20, %] THIEIZ, 7, (x,|s,..) FTE
log my (4, 181.0) PIRKELRDIIWINNT A=Y ZRET D EITHYUT 5. EEOFETIZ, Thitse
TOFHTF—%, 2F ), BETOLELFFIHFEORFNIH LTI,
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max " log g Crelse-1).
X t

EHRDHEHITO BED, TOLT, RINTKH L TEKRWICr, (Y. ) PRKELRDL - AT EE
K B BB, Z2—F N - 2y FT—=2 EFHVEEER. 1, ICLSTM % £ ® RNN # w5,

MLE (370D X&) S B EMER 2 AR T LB D ) FEH TH L7290, LT THRRDHEZ W27 )V
TYZALEDIE, FEPRELRLT V. TO—FT, K& %b7—5 LU LIPER I NPT VWE
ZzbNhb,

- SeqGAN [ 8]

G Next MC D

True data| ©-0-0-0-0 | action search
H’.—H—.—. ; Reward
State

Real World ' 0-0-0-0-0 Train Reward

. T
. 0@e-@ . :

G Generate : @-0-0-0-0 . g
—_—e OO0 !

EO—O—O—O—O:

Reward

T Reward

_______________

Policy Gradient
B 1 SeqGAN O#EEE ([8] » 551H)

SeqGAN &1, A pids LAl W TERSBEZFE SE TV GANDO—fiTh b, 7272L. Ril%
HEHhWTF—F 2R LZGAN LR ), RIETN, $hbb, V. 25y 2 FllT5ICKELT,
X1 OBMERICHS L)y, BBEEZEYFANVTHEICE AR L, ZORKED EHO TEMBZ BRI
EIE, TNHEITIT, V. 2 by, ZAR LK ROFMMELZ RET 5. OB, L ORZER
(J,) B3TFRICEoTHALN S,

Jo = Z Gg (}’t|Y1:,t—1)ngJ (Yl:t—l,yt)'

1 N n n G
g: (S =Yg a= Yt) - {NznﬂDd)(Yl:T)’ far € MC B(Yl:t;N) fore<T.
Dy(Yy,) fort =T.

CZT Gy (Gy) 130 (B) 89 X—5 L35 LSTM &l 7zElid: D, 3¢ 2872 -5 LF
% CNN % H W72k es. Q IZHMBMTH 5. ZOMERKIEZ. V. 25y, 2T 5 L5 % Wi
BCeRL, TN ERBRICE->TY, 20y, ZERSNLMHERTHELZ L 52 LITHYST 5, F72.
WBIEE, Vi 025 3, ZAERBRIC K o THER L7218, DIRBEEZ 8T X = BT ALK (G,) 2
SEVFAMBHEL TV THEBIC L D BEEUER L. EOERR R E NS TR, 2o LT, SEB L
72bD0THL, TOBRERBIZE 5T, AREHIBMBEABASIRKE 2D L9, AT A—% 0 ZifbFH
(QHH) R—ATHHT %,

—Ji. WBIEHE— D GAN AR [1].
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—Ey-data[logDy (V)] — Ey-g, [log (1 — Dy (Y))]-

PNCHD LD ¢ ZHIT 5. B, TORUTRBEHFIETOATIIH LTEMEZIE L L 7B
WZHR/MEO & 7% B,

CDEHZ, EEEEOFEIZBOTHOER TV TY) XL EMALFET VT XL EZHAGDELI L
Ty RICKDREHFEOMRN R ZUMOARZITCICLTHEE L, LEAK TS MLE 13820, ElL
7o LERDZ GV Z A L. 2N A CICERREFEEZT LI LD, LEORYEEZEE L
ARETREICT 2L ENTWDS [8]. Tz, ikbIFICIE. RAEMN R Z LI B 2 RFEAR LM % A 52 v
% CNN ZHWwa 2 &hbh, BEOHENDFHIMORE I VW EZ 2 b, BIHOBHEOE W HAGE
DILITBWT IR &L FBRIZSCAER T RE L BifF S b,

- TextGAN [ 9]

X2 TextGAN O#L=R ([9] »55|H)

TextGAN b SeqGAN & [ABICEHKEF & LTLSTM., iilgs& LTCNN 2 v/ GAN EF LV TH 5
A5, FOFEIE Feature Matching & TR 2 EA L2 5I12H 5,

% 9. Feature Matching & 1Z. TextGAN @O #t &K (K 2) 128w T, MMD (Maximum Mean
Discrepancy) THRBEEINTWBHH T, FB L L EK L% Gaussian 7 — R IV X o THAEZ B L)L
MEMICESR L, TOTFHEICI > T—HE (MMD) 2@ L. AT TN RN R 5 X512, ik
BEEENDPBRRE LD LN TA—FZHPT LI EZIRT,

7o, MR E BB 2 I2BWT, (25 20 Thbb, ERFCY—FEhok/ 4 X (2) 2IEET S
TLERERT D, L7205 T iBIEE ko X 912 MMD iR AT 2 LA, |2z |23 mMes
HENINTGA=F B EHT 5,

TextGAN (& SeqGAN & 7% ) v, | DDA I T DLz, FEIZEY T AV mEIEH RV,
ZD7-0, NI ETLBORFNEDNEL 25 DT, SeqGAN L D IZFHNLE LR T W EHRFES
Nbo TOTNTY ZALIZE o TERSND LIEINI R 5B ). 20HEE T Thiu, SCEMIC
DUHBMIEL WX ERT LI L MONTWAS [9],

- LeakGAN [10]

LeakGAN 1& SeqGAN & 727 v T X LT, SeqGAN & [FARIZERZE & LT LSTM, #ilgie LT
CNN Z v, v FhrakE @I Ez w28t 7 8 2 X—A L L7Z2GAN ETVTH S, LaL,
SeqGAN & dEWIZ, Ak eFiE Worker & Manager @ 2 fid LSTM 5 T& TWwWa L, ikilgsd
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| Discriminator Dy

| Feature ﬁ :
Current ~ Softmax
Sentence : " E]:g;ﬁ?r - Feature " Classification :
5 | Pl iy) Leake sigmoid{- tgy) |
___________ ||i|'_ |I_|____ _ __J
e =
| Generator g Manager ~ Feature |
: (LSTM) Sub-goal :
| M I 0, CE
| / |
| Worker Action Linear |
| {LSTM) Sub-goal  Projection |
| : |
Last;ﬁmrd | | Wi i 0. | wlg)
tol Action  dot . Softmax I,
: Embedding * ‘sample : ;
withneBP O _j Next Word

X+l

3 LeakGAN O#t&R ([10] » 55|H)

5 Manager ~OTE DTN (Leaked Information) @ 2 FiAid 25 (X13). Z Oik5l#R» 5 OEHRY) — -
WEoT, TN WEELD b BRGNP L K OFHEMHTE, ThUL - T HEBWESLOERIC
s F o, WAL E EH W2 GAN O CIIFEDPIBNEZE TH L5 »H 5. €O—F T, ERH
ANDOY) =7, FET— 7 OEHRESALZRNGOFENE L LRI S ES 2 L5, SeqGAN
I HFEFETF—FITEL R ERTALEEZ DN,

DLEDS, AR CHBZERT 27NV T) AL THbD, MLE & GAN I EEWET 5 &) mTIEHE
MeTH B2 BIED LR XS ICHEH Y EE 2o LT, HEIHGEIC X 2@ b¥BHo—MTH 5 5
WEWDH D, ZOENDD, MLE ZZERWICIEEHMTHL2FET—F LR L. $720& FEFIEUL
TeXDBLUPAERTERVOIIH Ly At &R OBA ORR, TN ANOHBIZEL WD &) A3
IZL Ty GAN 2SO L7228 7 — & ORI Z > T D EHAIPER I NS T LIRS
Nbo TO¥BT—F RO GRCE AR, LED AT L GAN O TTbI L EF X —
TarThh. BAEIIIEMO A L BERDTTREE 25T REERH S, £ LT, AEOHRTH S
LFEIZBWTIE, FEHT— 7 OFRBICIH > T LW R AR 2 SICH SRS 5. T72bH, /N,
W, R ORI o 72 O HEVAER AT REIC 2 5 L W) T ETH B,

2. itk
2.1 FHMEIE

ARWFZE T SER ORI LT O 4 FOIEE % v 72,
- Negative Log-Likelihood loss [ 8 ]

Negative Log-Likelihood loss (NLL) &3, TEX—ZOFMEIRIED —2>TH b, GAN IZ X 5 3EE
BAZBWT, AN REEE R, 27— (AOFW) OHGEARGMm AR T -5 (Bh 4
B L7230) DHERERD M E DMOZELY PR E—EN 01> TWAIRETH L, LT, &
WADRI 2T 5 2O0DZGEL Y b u ¥ —E) LaHli§ 2 DA NLL Th b,

AR TIE, FXRTH 2615 NLL # w7z,
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T
NLL = —Ey, 1~6,em [Z IOg(Ge (YtlYl:t—l))l

t=1
22T ER1HFERDS T HEH T TOYY, G 387 — 5 OEBGH. G BRI D LRSS
HTHY. OEIHMBEBDONT XA =5 &2RT (KFTIE G, % LSTM TEML TWA5D T, LSTM ©/55
A—=F MY F720 Gy WY, ) & 1225 £1FTORY] (HEEOIWD) 7272812, tFHDy,
B SRMHERERT, COREROPRMETH D, AEVIEEERBOBEIRVEEZZ SNT

Wk,

- BLEU score [13]
BLEU i3 XEMOHEDOHEPEOIRE L LTELHWONRTWA LD T, TRATEZON, 1IZAEWE
EWRENRRWEEZEZ SN TV,

N

BLEU = min (1, exp (1 - E)) exp (Z %loan>

n=1

CIZT r3BRXOER, c IERXOEE. NIZERLHND n-gram . P, 13,

b ¥ irieie X tafescrtiom —gram CF 1 S & BT %n — gram #7)

n

ZWZMYqJOM—gram(n — gram éﬁ)

THZO5N%, KifFETlE, N=3 (3HiEX 102 =y 352 LICHY) » BLEU fli THEREILE
%'T?O ff.o

- Embedding Similarity [12]

Embedding Similarity (EmbSim) & &, FEH X EARLEDOMICBIT L EFEOGHERER, T4bb,
BYd 5RO BIROF DM 2 K L7218 TH %,

9, FEUBICBWT, word 2vee [14] ZHWT, FHELZOHEBL T, FHEMOIY L V8
BEEZATHIE LT W, j=cos (e;, ¢;) EEBT D, T, EEPHSAERENLZIOWTH MR Z
EERATV, W, =cos (e, ¢') ERIL, TRIZX o TiFilid %,

N
W/, W,
EmbSim = log (Z C()S(Tll)>

i=1

EmbSim 38 LHE AR LEFER TOHEOEREGVPREEII KT IR0 A2 R0, HA
0T VIFEEREDPRVWEEZEZ LN TV,

22 F—2tvH

FET— 5 OFREIIOWTIE, B E LT, JBA, Ve, IR A FEIR BIO, dUTEHIRL
7oty 1 XTOIHF T HEEB X CMFHME TOrbEE 21T- 72,

AWFFETIE, FRLEICT vy 7Ha—FEhTwd [Hobe Al 28ty & LTHW [15 16].
Z LT, ZOREREIIHFEOMEHD,380. 3CEA2,668. 1 XOFHHGEHA190 (std : 103) TH 5.
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23 ZBERE

BEFNVOERLE OIS, #ANBOL Y b7 — 2 HEEIZ &M #E T [810]. MLE 22w Tid
GAN O gs & W UM O LSTM & H\w7zo FEEHEUE, MLE 122 Ti3100 epochs, MO AR 7 )V
TY) ZLEIZOWTIE, EREDOTL P L—= 27 %80 epochs. RWTiMEED 7T L ML —=V 7 %80
epochs, € LT, Mty b L—=227%100 epochs #1772, 7272 L. LeaKGAN IZDWTid, #od ~ L —
=7 5MOERGED P L —= 7L 5 HOENEDO L —= T2 1y FELT, EhEk10ky b
179 2 & THOBOFERR 7V T X4 EFF N E GbET,

3. MR

[Pitb oAl 287 —% L L2BEOFBMMHEZX 4~ 5187 KA E % (epochs). #Edil
A, FhZh, NILL (X4)., BLEU (X5), EmbSim (K6) OfEiTH 5. 7z, HEIHWAEHIE T
LML=Vl b L= N0 #2580 epochs Z/RLTWA, B, ZFRIZBWT, A
BUIAR AR L 72D TH S,

NLL iZ2oWToEHEHTIE (K4), 3. TextGAN OEESIRL bARVOBPRTRNE, T 72,
Mo AR 7 OV T X4 3FHEIC BT, SeqGAN & TextGAN ASHuhf £k b L — = ¥ 7 B #EIE (80
epochs) 2> SIREDOEIEL > TWAHDIZH L, LeakGAN DA, IEDEAWHEL TWAE I Edbh
o TOIZEMNHIE, LeakGAN OB N LE L THATVWE Z LN TFHENSL, B, 7L ML —=V
ZIZBWT, MLE & SeqGAN OB AR S MT WA DIE, AFETO MLE D4 v M7 — 7 ik L
SeqGAN DAFZITH VTS MLED A v T —7#EDFH L TH L7005 LHEEIN S,

¥ 513 BLEU ICOWTOEFHWMMTH S, T I THRIED . TextGAN 2D DR VONFE TN S,
—7J5. SeqGAN & LeakGAN # i3 5&., YL FL—= U FH, BXO, B ER ML —= > 7255
HIN T2 5T <l LeakGAN DA% BLEU OfEASE 25, BOHER ML — = 733 de & LeakGAN
DEANEIEEDL S v, 213, DERICTRT 2 DI23 LT,y SeqGAN Oflids EA$ 52 L2k 5T,
ZOMENHHL L TWb, F72. SeqGAN & MLE & Z2I#k$ 5 &, B bL—= v BB ST 5%
WAEICHRE R E WA E L B 2 EH 5, SeqGAN 128135 BLEU O LRIZHT ML —= v Z O RIZE %
AbNb,

EmbSim O &% (K 6) 122WThH, Eld 2 DD L FEIC TextGAN OfEA R b B, 7,
SeqGAN & LeakGAN IZHEIZBWTik, BLEU & [HAAROMINANE T, LeakGAN 2328 BG4 7 %
LH¥BF—F L OEVEUEZRL, ML —= v 7B IFIFR UMETEEL TWB DI LT,
SeqGAN &, WO b L —= ¥ FBBBRISE WEBMEZ R T XL 912k 5,

RIFFETHOLNTZINS 3 ODIEDIRS BV IE, TextGAN # R\ T, EFEOEEF—7 L LTHED
NTWLHEREHML TS [12] 2O LN 5, TextGAN ZBWT, HARGET—7I2BWTH AT
ML REEOERATRETH LI EZRBELTWALEEZLND,

WIS, EBRCED L) L XDPEREIN TR0 R MERT 572012, H1 ~4 KT VT AAIZEST
B ENT2LERT RLAZXIE, &7V T ZAIZBWTI0,0000 3 2 HMIC X > THEIER X2, £
DOHFD L —FRELBIC X o> TERIRE N8 L TH b, BB ANR—ZAP Ao TWALEHTHLRPN TV,
T2, FERF—F, B, £T7VTY ZAIZBWTEREN210,0000 TEEOFARE 25 12T,

FERIER SN2 BWTIE, LeakGAN 23ERE LTV 5 S IR HR T SCEMIZ S HEHLO 7
EHBL VLKL OND, /o0 ALERWIC, FHT—FICHTN-X0HAR (HEEREH 5380,
1 X O HEEHD19.0 (std : 103)) & H#§ 5 & MLE B X UF LeakGAN 252 AL WMEIZ 72 > T
DI LTy SeqGAN IZEN/N S o T b, Thbbh, 2 T—F X)WL A EKT 5 HIH
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HHIELEERL TV,

SeqGAN DA EASMLE ERILTHABHZE, L L — VBV TID 221K E REN R
FonnZ e, ZOERIEHN ML -V FoRETHLEEZ LN, TLT, ZOEREOEL
A*BLEU & EmbSim IS KM ERTWHbDEER 5N, $7%4Dbb, BLEU ik min(1, exp(1-1)) o
FAFEELE D B ER L ZBEORF VT 4 Lo T0D—KT, exp(Thatlogh) I2ow T,
1 XN HEHNA TR TV EH LD K DR T HWATIE RS, SR OEEBE RS
BHRBOEOEILEL>T. AAT7HLEB 72O TE LRI NS, —F. EmbSim (22T,
W' i=cos (¢, ¢j') DFHERIZ, HEHL TV RWVHEFED IH A VEPEORENINATnEEEZI LN,
CORIER S NS CAE AL SN B EIIE. VT 7R VA & THW RO F A E M S h
RTVILICRRL TS EEZ bN, BAEOEHBELEEALTYS [8]

—} T, MLE B X U LeakGAN 28131F, #BTF—F LRI UEARREICR>TWD, Zn& 2 &id, MLE
WCBWTIEE, FEF—F A LI/ E2 DL DD, BERBEREVZ S, —F. LeakGAN 12
DWTIE, BN SAEEEANDY — 212X 5Ty SeqGAN X ) 28 F— ¥ ONEICM /L2 Ak L
7oL fERRTE 5,

L2l TNHDO—F T, TextGAN IFEL XKLL Ty, FEREIZOWVWTH, BANEIZB W
TIEEBMENLEAR LR T WEEINTWSE2S [9], RIFRICBVW TR ->TEY, FHTT
LML=V I XDOZND 2B U EOEZOLDEAEKRLTLE > TWAD, 2D X HITHRENSE
HEINTORWEEZ, FEF— I PHAEICL 20025500, JICHERD 200 IERFEHTDH
bo Gy SHIINAIN—INTG A —F BET L ERR ERITV, TOREREBRET L8R D 5,

¥/, MLE R L D2 F— 210V E AR L. GAN IS X EERT 5 2 e b8, &

1 ~47251F. MLE, GAN MbF, #¥ 57— LT P TwARv, TOHIZDOWT, MLE IZ%¥
ARETHHEWENETH ), GANIZOWTIE, TOTNITY) X4 b, BYREREVZ D,

PLE2 5, TextGAN Z B\ CTid, ABFZEIZB VT, BEAEMZE L 4 D DI ZEAL A FRME R T 5 2.
BIO, HL7ZAEREILE L THEY) Vo TWEIERRTENL Z 05, HARFFEOIZOWT Dt
THPEIC X B CEERIIWTETH D LEZ DN,

DToRIZBNT, EREZHERLZZSOPAKTHY) . Bz, 7L ML —=r 7ol bL—=>
TNE AT 580 epochs 7R L TW 5,

4.0
I —— MLE —— MLE
440 4 | - SeqGAaN 3.5 1 - SeqGAN
| . LeakGAN . LeakGAN
| —— TextGAN 3.0 1
1
30 4 : 7.5 4
|
1
1 2.0 1
20 4 !
: 1.5 -
1
10 - I 1.0 4
|
[ 0.5 -
. I _—
o4 —
r y : : 0.0 .
1] 50 100 150 150

4  NLL OZFE iR
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1.0
1.0 - ,
1
: 0.9 -
0.8 4 -
0.8 -
0.6 - — MLE ;| h
| SeqGAN e |
|' —— LeakGAN !
044 | — TextGan | O®7 :
[ I
i 054 | '
p ]
0.2 | I i —— MLE
i 044 | ' —— SeqGAN
0.0 1 : - —— LeakGAN
. . : . 0.3 1o . - .
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5 BLEU O3B
0.00 1 i ] —— MLE
. —~0.005 - :
-0.02 1 '
]
—0.04 ;
~0.0101 :
~0.06 -
]
]
~=0000 | ~0.015
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~0.10 |
—— MLE :
~0.121 ___ geqaan : -0.020 -
—— LeakGAN i
-0.14 -
—— TextGAN |
- . : . -0.025 4= . : .
0 50 100 150 0 50 100 150

6 EmbSim OFEiHAR

1 MLEIZ&->TERENAEX (HBrA))
1 | o A 2 HWE 2 P ST H LT3, o Tk 72,
2 | ZDOHIC kol H i BE N AR % W2 2o
3 |ToF s b FEALHEL R DL,
4 W ENDHL,
5 | R % v T w3,
6 |20 EBR BN TRAZS 72,
7 FF Lo Be A o123k,
8 |Bhik. 3¢ #EM%EZ L &

EEEAL IR ZERT R Vol.2l
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Pl
o

SeqGAN IZ &> TER I N/ (HhBE» AL
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Evaluation of head motion effects in the processing of
multi-echo magnetic resonance imaging data

SUNG Yul-Wan, KAWACHI Yousuke, OGAWA Seiji

Kansei Fukushi Research Institute, Tohoku Fukushi University

Abstract

Multi-echo planar imaging is a magnetic resonance imaging (MRI) sequence with which MRI images
can be acquired at different echo-times after excitation. This sequence is applied to functional MRI (fMRI)
for the removal of non-functional signal artifacts. Another application of this sequence for fMRI involves
estimation of information to supplement the functional information by typical fMRI for the creation of a
functional brain map. In a previous study, we proposed a novel method by which microscopic neuronal
changes originating from population differences could be detected. Multi-echo planar imaging can be
problematic due to artifacts caused by magnetic susceptibility in the boundary regions between the
brain tissues and other brain compartments. This occurs because of different transverse relaxation times.
In this study, we examined the way head motion affects signals acquired at different echo-times by multi-
echo planar imaging. It was found that the motion signal patterns were slightly different between two
images with different echo-times. We devised a method to remove this discrepancy, which was successfully
applied.

Keywords : multi-echo EPI, functional MRI, artifacts

Introduction

Conventional functional MRI (fMRI) measures the magnetic susceptibility at a single time point
using single-echo gradient echo (GE) -echo-planar imaging (EPI), which generates a response that is
proportional to the susceptibility at an echo time (TE). In contrast, multi-echo EPI uses multiple
acquisition points to obtain signals from different echoes [1-5]. This can produce information related to
the magnetic susceptibility profiles at different TEs.

A previous study [4] used three-echo images to remove artifacts from fMRI signals, in which
independent component analysis was applied to the separately estimated signals depending on proton
density (S0) and transverse relaxivity (R 2*). Another study [ 5] used three-echo images to estimate
the linearity of R 2 * for functional activation to obtain microscopic neuronal changes depending on the
difference in stimulus. Both these cases require accurate calculations to estimate R 2* and to reduce
calculation errors originating from noises/artifacts.

In this study, the motion effects on different echo images were examined. A motion trajectory could
appear differently depending on TE in a region with high susceptibility, especially in the boundary
regions. The motion effects on the images were estimated, and methods to reduce these effects were

determined.
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Materials and Methods

This study was approved by the Institutional Review Board of the Tohoku Fukushi University.

Measurements and Data Analysis

All MRI experiments were performed using a Skyra-fit system (Siemens, Germany) with a standard
16-channel head matrix coil operating at 3 T. A multi-echo GE-EPI sequence from the Center for
Magnetic Resonance Research of Minnesota University was used to acquire images at two TEs of 21.61
and 33.24 ms. For functional imaging, the multi-echo GE-EPI sequence was used with a 250 ms
repetition time, a 220 mm field of view, a 64 X 64 mm matrix size, and a 5 mm slice thickness with
zero acceleration. To account for motion correction, multiple slices were acquired. However, only one
slice was used for data analysis. Four slices covering the visual to parietal region were acquired from a
healthy volunteer. The 1440 volume images were acquired while the subject’s eyes were closed. Brain
Voyager QX (Brain Innovation B.V., Postbus, The Netherlands) software and MATLAB (Mathworks
Co., Natick, MA) software were used for fMRI data processing. Three-dimensional motion correction
was performed for three-echo images by Brain Voyager QX, and the following analyses were
performed by MATLAB.

Results and Discussion
Acquired images during the first echo (TE1) and the second echo (TE2) are shown in Figure 1.

The region circled by a dotted line represents signal decay depending on susceptibility.

Figure 1. Images at three echoes: (a) image at TE1 and (b) image at TE2. The dotted circle indicates a region that
represents signal decay while TE increases.

Two-image motion correction was performed, and the motion trajectories were obtained. Figures 2

and 3 show the motion trajectories estimated by the motion correction for each echo image.
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Figure 2. Motion trajectories for the first echo image.
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Figure 3. Motion trajectories for the second echo image.

Ideally, the motion trajectories should be completely identical between the two echo images, because
the difference between them is only the acquisition time point. However, the correlation between these
trajectories is not identical. The correlation coefficients between the two images are as follows:
(Translation X) :r = 09448, p < 10™%; (Translation Y) : r = 09808, p < 107 !'% (Translation Z) : r =
0.9632, p < 107'%; (Rotation X) :r = 0.8729, p < 10 x 107%; (Rotation Y) :r = 09293, p < 10 x 107
(Rotation Z) : r = 08109, p < 10 x 10™%, The correlation between the two images at the rotational
axis Z was the poorest. To correct for the discrepancy, a method was created in which two sets of six
motion trajectories were regressed. To evaluate the effect of the discrepancy on the fMRI signal, the
TE1 and TE2 signals were decomposed by the singular value decomposition (SVD) method [6 ].
The decomposed components of TE1 and TEZ2 were compared before and after the motion
trajectories were regressed out. The improvement in this discrepancy removal by comparing the
number of principal components with high correlation values (higher than 0.6) between TE1 and

TE 2 was evaluated. The first to sixth principal components were found to have higher correlation
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values than 0.6 for signals after the regression-out of motion trajectories; however, for signals before
the regression-out, only the first to third principal components were found to have higher correlation
values. In addition, the first and second principal components were compared before and after the
regression-out. Figure 4 shows the time courses of the first component, and Figure 5 shows the time
courses of the second component. The dotted circle and rectangle of these figures show the increased

similarity after removal of all the motion trajectories from each image.
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Figure 4. Time courses of the first SVD components.
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Figure 5. Time courses of the second SVD components.

The results demonstrate that the images acquired at different TEs have different motion trajectories,
and the discrepancy can cause errors in calculating R 2* In addition, the approach discussed in this
article to reduce the discrepancy is effective. The degree of discrepancy can appear differently
depending on the brain regions and motion. This proposed approach would be more useful in cases of

images having larger motion, although the present images did not show much motion.
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Abstract

Functional MRI (fMRI) studies have demonstrated that different brain areas specialize in various
perceptual and cognitive functions. These include primary sensory functions such as visual and auditory
processing and higher-order functions such as emotion and language processing. However, each identified
brain area provides only static information in terms of signal processing in the brain. To clarify how the
active brain processes information, knowledge regarding the temporal characteristics of brain activity is
required. In this study, we examined the possibility of estimating latency distribution among category-
specific brain areas across the whole brain through resting-state fMRI signals. Latency differences were
found between the primary visual/auditory areas and other high cognitive areas, such as those involved
in attention, emotion, and word processing. These results suggest a potential use of resting-state fMRI
data for temporal or dynamic brain maps.

Keywords : resting state fMRI, temporal characteristics, latency, dynamic brain

Introduction

For clarification of the information processing mechanism of the brain, the temporal characteristics
reflecting activity patterns or the timing of activation signal changes in various areas of the brain as
well as spatial information related to functional specificity and selectivity were examined. Several
functional MRI (fMRI) studies using tasks have focused on the latter. They have identified brain
areas involved in specific functional characteristics, resulting in producing spatial functional brain maps
providing static aspects of brain function [1-10]. However, the brain is not a static system, but a
dynamic one that is constantly active. Therefore, obtaining information on the dynamic activities from
each area of the brain or signal flow between brain areas is key to understanding how the brain works
[11-20]. In recent years, the spatial resolution has been improved by high magnetic field MRI, but
basically there is no change in the meaning of measuring the spatial characteristics on the function of
the brain [10, 21]. To acquire the temporal information needed to make brain maps reflecting dynamic
information, this study examined the possibility of estimating the latency distribution among category-
specific brain areas across the whole brain via resting-state fMRI (rs-fMRI) signals. This did not
require a number of tasks or scan time to acquire that kind of information by utilizing task fMRI.
Resting-state fMRI signals reflect various aspects of the functional characteristics of the brain [21-25].
One of our previous studies reported that functional brain networks reflecting human characteristics

were identified using rs-fMRI data [26]. In this study, by analyzing the rs-fMRI data acquired in the
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previous study, the spatial and temporal relationship among the brain areas involved in categorically

specific information processing related to perception and cognition could be examined.

Materials and Methods

Resting-state fMRI data from 153 subjects acquired in a previous study [26] were used for analysis.
The brain areas involved in perception and cognitive processing were identified from Neurosynth. This
is a platform for the large-scale, automated synthesis of fIMRI data [27]. Several keywords such as
visual, auditory, emotion, memory, attention, language, etc. were used for the identification of category-
selective brain areas. Estimation of latency distribution was examined by correlation analyses for the
identified brain areas on the basis of the time at the maximum positive peak value at time courses in

each brain area.

Results and Discussion

Ninety-six brain areas were identified from Neurosynth and were related to visual, auditory, emotion,
memory, attention, language, etc. Table 1 shows the coordinates and functional categories of these
brain areas. A correlation map was created from the time courses in these brain areas for each subject.
The correlation maps corresponding to 153 subjects were averaged. The averaged correlation map
showed several clusters of brain areas with high within/between-category correlation. The red circles
in Figure 1 represent specific clusters reflecting different functional characteristics. The clusters

showed differences in their sizes depending on function, and the largest cluster was the one consisting

Figure 1. Correlation map of resting-state fMRI signals among the brain areas involved in processing information
related to perception and cognition. Clusters surrounded by red circles indicate high correlation values (r > 0.6). @ for
visual areas, @ for auditory areas, @ for memory areas, @ for emotion areas, ® for language areas related to auditory
processing, ® for short-term memory areas related to visual processing, @ and ® for attention areas related to visual
processing, @ for attention areas related to auditory processing, for attention areas related to olfactory processing,
@ for language areas related to phonetic processing, @2 for emotion areas related to word and sentence processing, ©
for emotion areas related to sensory memory, and (4 for other functions related to mental processing.
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of visual areas. Latencies were estimated for the time points around the positive maximum value of the
brain areas, and a representative brain area such as the primary visual area was used as a reference
area. The time course signals from the brain areas related to visual, auditory, attention, language,
emotion, and social cognition were used to estimate the latency. Figures 2-5 show the latency
differences between some of the visual areas, the latency differences between the auditory areas and
the word processing areas, the latency differences between the auditory areas and the attention areas,
and the latency differences between the emotion areas and the word processing areas, respectively.

These figures show a tendency of latency delay from low to high levels.

The difference in latency estimated from rs-fMRI time courses suggests the possibility of functional
causality related to signal flow in a basal state, and this information is potentially used to examine the
functional dynamics of the brain. Further studies are needed to elucidate the functional causality of rs-

fMRI signals among these brain areas.
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Figure 2 | Rs-fMRI signals of brain areas related to visual information.

EPERRALIFZEAT 424 Vol.21

73



) R e — by -

|
|
|
|

' . A Sl

1 [ ] ] § 1 a & ] ] 3 q 1 i ] ' " B

Speech Production (-40 -20 60) Speech Production (-2 -8 62)
I Speech Production (40 -20 60)

I left Primary Auditory
(-42 -26 8)

I right Primary Auditory
(42 -26 8)
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Conclusions
Resting-state fMRI signals are likely to reflect intrinsic spatial and temporal information related to
higher cognitive function as well as primary sensory information. We demonstrated temporal

differences between category-specific areas. Our results suggest the potential use of rs-fMRI data for
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temporal/dynamic brain maps.
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Reconstruction of Disaster and Donation
— Primarily through CRM by Disaster-stricken Sake Brewery, SAKAGURA -

EJIRI Yukio

Tohoku Fukushi University

Abstract

This study examined the utilization of cause-related marketing (CRM) through which a disaster-
stricken Sake brewery supports disaster victims by donating either a part of their profit or all of their
products. There are currently around 1400 breweries of Japanese sake, which is one of Japan’s national
spirits. Most have over a 100-year history, which is comparatively long compared to other industries.
After the Great East japan earthquake in 2011, a movement saw people buying products from stricken
companies as a form of disaster aid. This is a system defined by CRM as that where donations can only
be received in the form of consumption; it is utilized to support both disaster victims and SAKE breweries
recovering from disaster.

In this paper, using three cases as a background inquiry CRM of disaster -stricken Sake brewery is
examined and discussed. At the end of the paper, instead of a conclusion, some future problems are
pointed out from the author’s perspective.

Keywords : Disaster Reconstruction, Disaster-stricken Sake Brewery, CRM Donation, Backup consumption
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