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1. 2006\ EDRBEDBERICE (T A= — X EEHRE IO ANEEEEE EBLRX (2016)

ANORA - RS ORI 2 BRI, BH#E - Rtk - BES o 2 Wi o dR
AETGILEOCER - FET 2 5O ) O E HIUIZ, 20144F, A0 F AR AR R4 8 5 03 E S I,
AVNRTMYTA4 cTTFTA Ay bT—=7 DAL W) FENIHD & 3 HE ARG ) EE AR
maEh,

AW TIX, WIEEHOL Y 2 (BRWRFE P, K g, duo iy s vk s:) o fafr
BI104ER (20034E~ 20124F) WCBIEZ AT - 722000 M L2 0 RIC L7 v r— M. &
P —2ZAA7 FAWbENDe 7Y ¥ ZiREZ T, WhBIEIC X 2 VA Lo B R 2 LA Y
DEBT 72 AEEOBEPSGHTHI LI, HWEREKICBIT S Vih=— X L bR e 7
T ZAEWHOPIT Lz WEESBIET ABOVHFHEFREE LT, WITHICX 28617 Lol
HABA DA AL Y EAFOL WADETHLEEZONSL, ThETIE. AV - SRR
. A 22 SEBHEA D SNTOLEERLVH, REWEE D A AR 2 %k# 24H- T
WAHZENS, REHEEICH LT g sk onc., ARICAFROBULRBAZ2IT2 5
HHADL D BERTHDLEEZONDL, 51T, HEVBIEZRET 121X, RoBilEE
HABELE L TVHRBERZTo TVAEENRZE VI 25, Bl2I1E. 55BN DI Kl
A ETRIM SN2 A O BUSFANE HWHE 2 AF R, T3 720 & o KBB4 KA H
W EOPMEREZIY T D72 [AEMAY 7] DX AL, —8E L TGS LN
TEXAMNMHOBOZWHLTA2ZELHENITHLIDEEZOND, DX LHIKIZED,
VHEFEE LSRN L 23S, ShETL D H M CTRINOWMERBIZOEH 2B L TELDD L
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2. PUEBICLZ2BERFOBREDEREICEET 2% (2023)

E @A X5 e, 2022 (HA14) FICEEBRENRTHH A28HFR) BEL-EERT
Wb, 209 H556MEMIHIN (BEFHEOHREE) 25O TEY, ZOMIMH - HEIZARZ M
BEEKRGES - FHHIHIEELONTWE, ThETOMERBR K EOHTE - BILLI L2
MZTWLIERS, FROAER, EEBXOMEOREOBI S, AIHRHARFIRH O X
M%7 2 BT B HEEHIH 2 U725 T AN O RV DR 2 B TH 5



ALY (DLF. )] SB195E4HTE, [BEDBDVBTHNFCL 2 EL2ZTLEBZ
NOBHLILGHEICBOTIE, HREORBZOMERE FES S EEZHE L2 TNEE V] &3
ELTWAHH, BARNRDNT OR S RPRES OB ILHE, 224 1ol Y 2 358 (B3 2 Hai i 26
BEDOLNTWERV, —F, EHEA05THHALFAROLIIC X 2HI (AR E) ORI
HONTEY., 250 (BRI - A T3 s 2@kl BEY o s Lol
BR. BEREDGRE T A HIBR) O EME 2 He U A EARD LB (560 H30) ik
DOBEHMZ D720 % [HRTEHF] Lv)) PHEINTVD, 2T EPIOMEREX, B
BHERE - MEOFHE 2R T, AEWORENHROBEH LS TVWELEEZ OND, £Z TR
WEZETIE. ST SRBD DT LI BT 2 BEYWOREMHEROELE L REHZHS>TVWE E WY
B, B G R BHIFPH . A3 5B 0@ BRIV BLE B 5 2 Bl b 2R 12D W»W T,
H5E « AT SN TV BT LB OEERMER TG Z2IT) 2 & Ty TSP X 5 LT o)
EOEREZHOLNMITLILEEHNE T 5, AMIEDEFHRIZ. DBIFEBIOUIE - HlE OBE R
EHEOEHICBWT, SHEOMPFHNEICE T 2 HEBFNCEDL LEMEEDD Y FIZEL
THRZRM{ETEZETH D, AWETIE, 2023 (5F15) 4 H 1 HE S THifTE M TWw 545
AR HFIL L OB1THHTAS (B RM96D 7 ALFIER) DA 5p (RSB X 282 &) 235
L35, BIFEHBIOEERBOMEL LT, OBRBINRELEY. @23 ) L FoHHHHE, Gt
B @RV ECEH L THEZ 1T 72,

DTGB O B SR LY B OFMIC L ) KRITE 2, BEE2AT L EED O A% B
RUEEYE LTOLEAICBVTH, BIKR., Ay ROCHROEFEZT5720121%, BEZ2HT
BEEMA~OHBEBRICEEHT SR (WA E) Sha XHHlERT2ZLPHETH
LLEZOND, BB FEITEPITIE. 2T LY S 259 EOBHIFEEH 2L WEAIERVWH O
O, 23 LoEBEEWIIH T 5 B HH oMb, HHHHEE L2000 08 S, Bl 5
FEYOWETIEZ, T TOXY B2 LSBT 2B - BEBHEEINTOuEEADAS
hf:o

DT EBDOFEHBHED ) BRI DD, TFOIR - HEICX ) BT oHENCBZER
WG, BT TICBWTERELRBEY L TG ThH LA, WMABITETH L LM - Bk
DOMWEAL - FHALD 720D, BT IEMEZ LT 52 ERLF LW EEZ DA, BIZIE, HiH
WCDoWTIE [k J O e % 1 S L AT 4 28 8 RICHE SN 5 00T ] R [TERAEDIE
JifE RS & DV REWDHEID ONLGE] 2L, BEHEITOVWTIE [BAHEI0LD 3 DILHEICHET
5] R EOBMMEENSEEINL, T2 AT, BREPOmAL - BRsAR S
. BB ESOHMILEZ WL L 72d Db A SN WA 2T SBiX. #RERF IR A
FEB XY BHEICHONXIRHEHENLZ LA 0, XD BEY TR BRI #PA, #H
BB 2 HAMIEEZ R T2 2 LR FCE 20 THELEEZOLNS

BEoUE (2025 (5M17) FE4 AT Pe) (X0, WM - AN REPHILK S,
ABTHET W X3S O WA E DS, 2L EOREZ AT 5 AL IETHIFE200 nd 88 0 A 3% Gt 58 A3 it

A RAENRICEBMENLZ D, ZOBEME - RENROWLLICL), ZhFTELY
by T FRPNT K 5230 F AT BT 2 BEYWOREEOERIZOV T, FERNEOHLRD—)E ]
HTEBRDDEEZOND, MAT. ITEBIOBMEPAPN TR 2 B3 2013, s
WoOEEREREZSMa 27— bMEETHREOFEHE & HIT, HRERM L IRMORESZ
LI h O KREBHABEBLEL D, 29 LHNRIEHED, BIRIZANT Hp)
BT HEED O HIHNCE ST AR D D 5720, SHRODVITFEBDOLIE - HlE DD
HEELTEYALIEOBRFAORMAEDH L DEEZONS,

3. SEHEDOEZE [IHMMFHEREICER L = T RBIDERFERE 58]

SRTCEER LR RSO KEHIRTH 2 TERZERBOELTE R, PTEMAZEITD
& L7 L O WKL E S P K B EEZZ T AW REOFR V) 7B 5 IS
FHLTOVDENREINDIZOWT, ROFEZIT V. BT RPIOEHEBLREZH S0 L2
EEZTW5,

O SFEATBUTHICBT 2250 LB 0EHFEBICE T 2 0A GUREHA)

@ AHRAUCERERTEERESE O EERE - HIHEE 2 2 s 050
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BRI R )
wer—~ A FERROPRNBEL X TWmEZH ESE5S
RO FHFE

EX S Gt
G REEIRER EGR RS WA 274 HNo 4910220001
AR

MEE=

ARETIT 2RO RACOOLEY EAFELE T2 EEEMTH Y. RBEO MBI
FCTZDOPRERREMOU LDV BB E o TWh, TNETIT. £ 2DOZKRIEZIH]§ 2 5%
R UK PREITCEDOERNWINZHEST S 7 4 F VB (Phytic acid; PA) OEERICHE ST HHE%E
VBRAINTVE, ZRNZOWHIEEFZR L L TH S5 N b5 THOUSAND-GRAIN WEIGHT6
(TGW6) &, £ ¥ F—)VEERE (IAA) oA TAA- 7V I —X) OMAKRGEEZETH .
IAA AR LIRFAMEEZHH 5 L THEOMEB XN EZFHIR$ %5 (Ishimaru and
Hirotsu & Nat. Gent. 2013)s S DY ¥ 7 ENOEMITZ T, TGW6IZ BRI 0 7 > 7~ Hh%
HREDYV—=ZARELIHTEIENW LN RoTWS, — T, IRV O 1 HIERINTE D
FETERA L 7 5 72 tgwbid, TAA O EZIK T IENELHEINEE5, 2F ). TGW6IEZ Y ¥
IHA XLV —ZAROWMHITNTE) Iy —1EHZRHL, TOREBOREICZL > TERINEE
M ESE5, T 4 AZKRPIHFAET S PA BHESRHLEDOIATNVERHET LI L Tl
BALL. & MENICBT 2 I 2 7 VIRINZBLET %, 2K PA RO ELHI#ZERK & LT,
PA EERO#IE IS & % 5 Glucose 6-phosphate (G6P) #* & myo-inositol 3-phosphate @ 425
% 4H 9 myo-inositol 3-phosphate synthasel (INO1) #37# H & L T\ % (Perera & Sci. Rep.
2019)c FEEHIZ. RNA T & o TINO1DFEH AN S 28Iz FHF 2 A £ T, Ffh
PA EVPARBICHA L2 EHEINTwAS (Ali & Rice 2013),

4 2 DL KINERREMOENBILZIHT 2N O DOEEZ I— F ¥ 5 EETE. BPs
J KRN e EEENSEEORBELRENE LTHEH SN TwS, L2 LA S, BIZFWF
B EZ SR Y —7 Y DT EITHEREIERTE 55T, RNMOBBNNZRETS5%
9, BEORBEIZIIMIETE v, T2, BENEEFARFZEEAUMI S BEROA K2 Sl
BELPHEZHE L T2, SR TORBICEZEWEHARE . Frmfliz ity s
EOHEEE %%, ARNEOMIOI-DIZIE, L) HETrONHEORTECTRERE 2
L3 EEE Ly, BEMICHT 282 L. BEBEZLFEICHIET 5 2 & 255
L, —HTHEOMMEL X OCEMMEIINHTE 21320, RN 2B 21T 2 &1
FoT, HIEMEEVSHEEE SNHEMICH ISP TRICELEEZONSL, T THFEH
X, TGW6B X INO1DOHEE TN TN ZE L. 1 A OIRIE DB X OSFEAM O R IR
ZUHTHEAEHET AL ZHIEL TUIRICIY A TS, RENLRBIFEFLEOR T, B
Wy N7 AOi GRS I LRAFRETFEINRNTH L I EBHLNTWE, £2T
A X, TGW6EB X O INOLO VARRE AT AL G & & 3 7 M OMEAEH N Z 8 L T,
S G OB & Z O RNT % DT X 72,



TGWG6RH 5 0 bil 3

AREHEF LD L 7 TGWOD L AME RS 2 WU 3 5 7260, XOBns Bl 8 A % 90t L
oo KBREBRBIOCAT A Z7US N9 742w TYaryEdr F TGW6RAFHEL,
Sitting-drop vapor-diffusion % T TGW6Z 5 F b L 720 X M EEZ TV, 5 RE26A
TXRBMPrF—% 2 4352 L I12E L7z (Akabane & Protein Extr. Purif. 2021). 85 h
W T — % % b L ATHEERNT 247V, TGW6D FEMl 2 srARME S 2 W & 22 Lz (20214E ER K
KPS E ZE) o HWT. "FNMR 757X Y bAZ ) ==V 7 &7, TGW6IZx L
THAENEZ AT 5 BABMOWRR LT o720 1IBAHOILEW D DR S NLILEWTA T 5
V—ZHOWTEAIRKLZERL., 6o v MEAWZ B L7z & 512, Thermal shift assay
ZHwCTey MEAWE TGW6DM EA/EH 23 L., 6ot v MEEW D &2 DIL & % 383K
L7z

INFE T, TGW6DBEIZMAEREERIIENTOT v 7 v ERMEL EA S, WEoWMnz b 72
LBLTWAEEZLNTWS, £2C, B LERBEMZ 4 AMEARILBE L, ERCBTSLT
O TV E R ALE M ORI 2 4T 5 72 T ORER. BEIIRE L 7220k EWm o 9
LO—F Ty 4 AYEERNOBAWILIZ X > T, KUK LR L TEROF TV EREAR
WCHIME RS 2 AR S iz,

PG L-aifb ez d &1, LX) BeBANGES IR CE 2 Bl EwoREL1T-
7o N=F 2 WMLEWTA 77 ) = LMREAILEWORPILEMEZHE L. o bEY
ZHOT TGW6DFE MBI TAE Ny F U7y Ialb—va vy #iio7z BNHERE LTHD
NBFyF U 72a7%ERBEALEWZ M L. S&AEWICI0M o H B b6 2 ik L
720 G THOHHBULED OFHMFNT 2 DT <,

INO1BH A DB 3
ARHHAIZBWTHRHMIS, SHAS L2270 757 4 ZHOTENSY Yo7 O %17
W, Jary¥F Yy bINOIZHUE Lz, MR L INOIOBERIEENE 217w, HED 7 Vv a—
26V YBICHT AR IS E MR LT, T, Va2 E¥F Y MINOIZ"F NMR 75 7 X~
AT Y —= v FEBRICH L 72, FBRCIB4RDLEW DA 7 ) — = v B %217, INOLIZ
WaLz122or vy MegWhEkEhr, by MEAWZIRE L7250 T INO1OREHIG T %
WE L. AbEYWoOMEGEZHEICE v MEGWOKD AAZITV, 21D v MEAY % #ik
L7z hiAghizby MEAWIZTOWT, REIFE ORI W THEULE W F L % 5%
L. ThZPNB L £ 2 A L-8Mov vy MLEWAEKL, ThbZikike v MLAw
& L7z, H81E. miIH & FERIZ. 4 AEARNORIEEZ TV, KRBT 4 F Y BERNDR)
REFML TV, X5, EHUHIZE -T2 4 FUVBEEZINRSE2A% % v MLED
RO - 728, EobEWE D L ITHBULEM O KBBEN—F ¥y VR 7)) —= ¥ 7 %247
I 7R & BRIER L LAY OGN 2 D TWw <,

XL LFRDOER

AWZETIZ, A A ONEE ME LM EIE5Z L2 HIEL T, TGW6E INO1ZWE
NERER L L2EEAIRE 21T, AIBIBREIME O ORBK I TET L 2 LATE . & 1 %
EfR % o 72 BEA AT R BIVEH O5E B AL 7 &2 ATV, FEBICEAVLIIZ X o T A O RFERY
ZYHIEONLDOPRGLEZ TR o T o k. AFETHONZIAZ S LI, FANTL S
il 8 2 Ve B PE Tk 2 R & ERIZ B W TEAMEY 5132, Th X TEIEMURANEEE ShT
E 7B LCHIBHL O Z Rk 5 Z A3 TEE, ST TOEMRHANIZE TRAE
RONTBR O EFEEZ ML S, HRAOERPTEOMPICKE CHMTE 2 EHfFLTw
%o




(BERZRPERY)
Wrr—e T EFINIY YT AT T —BIHEEK b
Ji1:®D SERS 41 & 5 iilAL

TEHE kA
a AR sERE ARk R 2974 FHENo 4910220004
I i

Gl
JERETFZEIC BT D BRI IS BV Th, LEWROREE EELIETH 5, ks o
<1757 4— (HPLC) 12V SRT WD FETH A5 HHAR 14 T/l A T
WSS ND 2 EAB V. WAT O TS 2 WA R TR 2 9= vk b wise ik &
LCHEH 2D T 0225, BEIMEN S LA TH 2, v it RER AR T < > 5k
VEORHARANLTETHY., BANEEFVRE LCRBNCARRT£FLIY Y25
S—E¥ry—4 v MIEDTWASH, m&HIZIE, /M HPLC-SERS Y A5 A ZREE L., filifE - #
HFREE L LCE® s % HIEL TV A,

[Hi®)

ARFEO HIE. BECHT 2MEMOTRR I Y — =2 TEREME L, FERNICRE LR
ETHLHTEFNIY) YT ATTF—+F (AChE) #EFNVEEHRE LTHOWTRERELZITH) L
ThHb, L) BOWHERZBHTICIE, A2V -V 7ONS B2 E % Tdh bRV,
. H. MEAOBERTH 2GRN LETH 2. CHETHRET 27012, ftk
HEIC BV mL Bl O RIS A B3 L 5 225, 10 4L Ko KIS HIC b 1 IET X 2 ZHBLE
(EWiMHR T =< > 56 © SERS 1) 1D WA HER R 2 ) —= ¥ 72 %S 5,

[ BITE & SE R B

SERS #:1%. ¥ &BTF /K TFORETS X
EVEBHSEMATLIEICLY, T3V 57 b Pyl
LG & 10001 DL B3 % 2 % 5747 1 C o m K [ﬁ!ﬁ*ﬁ ﬁﬁ%??‘f]
D, SEHOERESTY LT ILOBEICE Qe - SARASY s GRS
LTW\ 3, HPLC T4l L 7Rl % AChE/

MIEH : 100 uM rhodamine 6G

)

SERSZ

EEREWCM . BEERWOAEE | 25 [T L oo 7/ RaR. M
SERS % Calilid %0 58k BFBUS, SERS | & = /1 e I
WEDY—AVARGEMEE TS SERS 7 | © — #0  gemaen  SERIERY
NA R % F5E L. HPLC-SERS O J5EFIERE % 1T

3o FER. FefaiEas < v ST W B 25, B 1 HPLC-SERS (SERS DX U v )
A LB mL ORISHEDSWEE % 5o

(W e > By ]

i Z E oA —H —T 274 =V FY— Ry V=7 LTV BB DD
B4 72 HPLC Y A7 Al T4 TSN TwA L 2K L1z, ZOB. Bk
EEERICBWTHBE L2 SERSEE HPLC 2 A S HE 2 BEMICE - 72 I TiX HPLC ©
Py FRAR—H =SV BHBDOR Y T A—H—DAFKL—Y a3 /I2XY, LC-FF VTV AT
ARHBITBASINT VDS, T3 V5. 5 FOMLFREGICHET A EHhEeEEO T Fridm
FRE LTUROTBNTH D, LA L. I 006X ) B MRBEMICERERRE RS < 5%
¥ (SERS) # HPLC ¢ #lAHbHHE7: HPLC-SERS EZDHAHBERTHH L ¥ R b,



[ 7e 5T i)

B 1R AR IZ B\ THRMAR) SR AL SERS 24K 2 S— - ; il (1)
Sk vk #75 (SERS}%)
J\ T ACHE B3 LIS KM 0 SERS ¥ — | (s e ™
(Shpm)

7 B B O BHER O R RO BREEIZ D) LT

W5, (Yamaguchi ef al, 2020) HPLC-SERS i e
VAT ADRHRBIZBWT Y AT AMEIZHE L 72

F—5 7VHPLC (2278 —X 1 eHPLO) | 4ne ot oinig semn I8
LPHRT T ol (BRR =720 e g ex Ge - F G0 100501
CI5471) BT B0 A BT 5 HIY e —
3. ODHPLC- 5% ¥ Y AF ACE#HT 57 B2 SERS (L& 3% > TINRBOKIEER
DD, SERS 354 ZAREE o &, @i AChE #Fili & 2 7 228 U7z, Bk - 388 - FHSEHA
s 7a hI—IVOETH 5.

B35 % 2508 3 5 W98 28 T IR EE SERS WDV —F EBLCEII L TB Y, #9 A Fli%
WYY AR TOEEEREZER LRI, B8R E2ASE L CHETRESE T /T 24 Tw5
(Ag film on nanosphere: AgFON %) (K24 ). MEXNZEY TH S AChE IZDWTix, BEIZH
EWRETHAHZ L ZFIEL TS (Yamaguchi et al.2020)o LA L. FOBNIE, WEEEL -85
ZHOTW2Z Eh 0, SHIEEME S NAZBERICH LTIz &2 g8 350803 5.
[EBOD: =4 70y = VO (B O@RIN &R )
BOYE, i, MR TR ﬂ .

ATl

PR ORI CERYE ST 5101, M#EE <A 7 e
784 ARUCEAMES 2 2 L BB TH B BT T e N
Ehvfrue—X k<4 70y o VICHEBTL L @EWT:E; e
12X ) . BREOHESIEBICEY. AEREORE ik eowx
CERIELAVSZ ENTE B, S— |
[9252@): AChE # IV CORIE 7T b I— L Ofey (K @SEM?;;;?M? ¥ _(5 14 ‘
VSRR - LR, SRR REIL)] EBROEN—FY -7 \ -

TIWHTAHETHLDOIIHLT, v FRICHT S
7u b A—VORBILDEETH L, —EROBEHILE K3 Y4 7O0REHEEYILF SERS
FCH LT, BERORELASDEL 5 b, & H A 2K b

AT == 7 THAI L EEZLERNREEZEDARNGTH S I EXNLEF L MRIZE 5 S
PEEZ BT 505, BEEOBEYLERICEY., +2E414FIv 7L P2 HBEL TV,
[928%(3) : HPLC & O E&VEMEY. (5rmijid. 5058 ]

FFRMICIETHPLC 2258 Z L D=4 70y 2 VICHHIRS 2R T A2 2 MELTVWED
Ty XA 702 VolEE LTI, T0KIRICTLEZETHIHZAESICL, TEICHE SN
A28 74NV —D LRI 70— X 2R L TBL L ZREL TS, ¥/ 7074V
F—Z MWLM E LT, SBICY > TIVE SERSERICEZ ICEXE (55) TE A L
Firohs (K3®),

[F2Br@ @ BHEA 2 300 L 723 4% 12 X 5 HPLC-SERS 5% O]

TIVENTIVFE R ECTHERMAIL L 72 AChE 2 7 Vo NN A < —RISEHAGERHEED F AR IV
RNR—F UV UIHDEBRBEDOARFT AF 7 I VD AChE FHERNC X > THEL., #% % SERS
BETHERLZBICHPLC 2 HWTA T AF 7 I U EOMAIORER D217, B, &
B LWl LTS S TR OMEM R 2 5l 5 B2 179 FETDH 5.
(0I5 & 2 %528

SHALFE— MR 2 0B CH 5 25, WHEOME IS F S F RIEBIIZEE X O EES O
BRI LT Wb, FFRPHEFOEBELHS TV SRS, WR OB - M6 2 W B X B EAR
WRZHEMTHY, SHMOPOEREZTZ TV I LZELT. HRCBIATYE T,




(R 2SR AR )
wrr—e WY LRBIREETF—-IT4F—Ta vk
HMARAATZERFEDFEEH IR AT A

TAEHR HY Tz EYR
PEHGESS SRR ORI W LB 14 HENa 4F10231001
FEP & B

LEOFORMR

HABFIE T &b O Z R AN EE N R L2 /D 572012, 1AN1BOT V5 VHKZEEL
WWHT % GIGA 27 — VBB L FEBL L7z, 20224E 1213, RROFEIRGEESEH SN, [1EH 1 20558
HiZZkoZzo L L. COWMEDPHBINDL L, BB T LWL OPOFEPW 50T h o702, S 51T, FESHEE
B2 5 T ChatGPT % EDERTE Al ZBRA T 2HBICOWTH FLAICHERT HLEVDH 5o

T 7o, WMHEAISHOWE A5 . —HIOERM 2 EEHIETEA T2 T, AZOTF 2B L TRITHE
TRALVELELRFEMTH L, LN EEREDZ SO ED L, HR SN B RS T O R
ERETET, HECMITLIE) 1o ZOL) BERDNDL, CRETEIN-ADEFEPIE1—4%
KEHGELEWT T I T ROFEEE (2], F—AN—ZADFEFE 3], REEOBE L L4 OBIZPHKS
N7zo LA L. RE L TEIREIMLIN TV ARV, AT & 3F LT CRUSHE L 72 8H Tk 2 ML 5 2
Bhd 5o

LERIPFORE

HWMATHOEEFIZIE, M1 TRLAEE) B L O»DRERD D 5,
R S OEBEPEZEHPEEEL I F—T 4>
FRPEFAN—=2 3 HPREL TV BEE

F I YEED1ODEANTH S MOOCs & KBS

MAEL7ZWFETIE. Y F 25228 L TRt T TEITY “°ﬂ
B ANOEE %R ET EFTHT13% RE (4] THo S _8 &4 p‘; -.
EPMEEINTWD, S51T. FOERNEZRA LRI
J:%)(‘:\ %( @?E%‘il>l]—_:/)(> l*’(D:E?"\—:/EI ASAUBET BARSTES BP0 EH

CHARBLTVA I EAHE ST [5], e, CRBLIECL  BOTUAEL
BHE2., —HAOHETIE. BSHHE (seli-eficacy) =
EEE LI LRI M1 EEESFORE LORES

BHEBY CRMA LRENP S~ NOBEFERE, FHE

PHEZHHICSWHEHFEFEPEKIN TV [6]lo AP T7u 7 7 02 HCTEHES €L L, AFZOT2H)
NLTEET 2/ EREOFRIEZHRET 2LEDDH 5

FE3. FRRBEEZFHOHFEITEL TV 5HE

P2 M TIRECEDHADPAR LTV L. ARTLIHHZH) 72012, MOFHOBHD AR L T
FEeHULTVLYEb DD, Coxrod, EHZTTRESHUBOIMHTE LA IRV AT A ZHET
BB Do

M E R
AMROEMIL. BEFEOHREESEICLT. RELTVWIREEHRTEDLI>L, hEEEMHRICLE
BEHRFZOZBEZER AT LEHRTEI_LTH S,

[1] J. Constantine et al,, 2019. [3] D. Lester et al,, 2023. [5] M. Morales et al,, 1-7, 2014.
[2] T.Bell & T. Henderson, 13 (4) : 26-31, 2022. [4] K. Nesterowicz et al., 2022.
[6] T.D. Reeves et al, 17 (1), 2018.
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(%st_7>7°57“ RRTF—LN—-20FBELE) 2RINL. BEHOBEMEZEAEGHELFZBXEI AT LER

60
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AWFFeO ML, FIChEA %2 RIS LTy EIESICHREE L BT, 1) FHHF A b, 2) B2
FLADOF. 3) HBETAL - T U — b eERTL, BEHL EIH2EZ T VA= IS U=V AV MRE
FR—Y g v, ACHNEEZAY ., BE3IEIHEHMTA P EHEET A 2RSS 2 & T BMEEOBEARR
BT A, 7Ty — FTRENLTFMEENZFMEZRMAGHLE T, T—F—BE»PS T A5 22T
Bo T2 FHHiFTAMEFHBTFAMNITHREZIHVT Y AT 2O B TOEILZBETLIET, VAT
LOEEMRZRNET 5,

BFRER (230 - - TR ETE
AARITIERFZOHAZRO., Y EF TV EIBREEHATIZFEZE AT LAEZHRET 5, K 11320234
10H 2° 520264E09H T TOMMZ 4 > HT1IRWDICLZZMERA X V2 — V2R LEDDTH B, £ TIZ
Ll;gg%g?ﬂlﬁ%%ﬁﬁ‘é c BhB3T—VERDICETHRIBFEZHRETE. IROEREEZEHSN B,
WFZeF Mg
1. HHRERTr—3I 74—V a v, EJELEITHTIARRLHL. 77V r—va vz ERNEMDLT,
BRI ZER AT HBI 2 TL ST 5o FHIZMRELRBR D HEEICAB L, BZICITRE AR EN R R
FL D5,
. L OHRER Y AT ABFEE I, BMFOREDT —< 22RO OFRERBRE FHAL V3 5,
EREBT L ICERE L, EMNICGEHEL TS ). REETIA— NNy 72213528 T. LDRW
FREBEHSTE D L) ITHEPLEBIE LoDOHET %,
BB TTEITILZHMOVEL, 7B AL TRV AT 2HRET 5, (=RERBZHE (iterative
development))
. WEFRICREMR RO ) L CTEUT A 22 DA AR HE B ICEM 25 L TH 9o TDH, FHEZ 0T 5,
WFFENZE 2 i LI LTy 2RI IEEE EDUCON % ACM SIGCSE. ¥ * —7F )ViZ IEEE Transactions on
Education % ACM Transactions on Computing Education 7 &2 3 %,
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[7] O. Hazzan et al., 181-220, 2020.
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AFEIZLL T D 4 DOt - AN R ED1D 5,
¥E1, 2R LAE ), BYEBIREEEBE I AT LOKELREE#HASHOEEMEHRT % M4
@2, FIHBEOHEI SRR TERERTr —I 74 75— a v YRR ANS
4463, EICHIS U =%085% (culturally responsive pedagogy) [8] ZHUH At b i
@4, MR EOBRBNERBRLE T TIEELS., RBNEABRSEO VAT LZHRET S5

Bta 1, 2. 413iE1~312, B3 @lEl, 3CZhZFhEmT 5. PlAE, YATFLAZHVBERS
ET FEHEOI VA=V AV MRHCRINE R EZ2EHD, HEMELTH) L THBFEALDMNETE 5,
%%%ﬂg&ﬁusiﬁ@ﬁ%&10®@ﬁﬂ&75vF?#—AE&&%hﬁtiEi%?Z%A&ﬁ%T
5_&ETH S5,

FITHRELOLR

AT, HRBEFICHT L OMBEBHEL Tnbd, L ICTFRZFRICLHHREFTICHT LD
WP, WU 2 O WA OIEPEL 7 2 BN LNEZ PLICH->TWD (9], LA L, KR TIIER
NEFEHEEDHODH. REDAIZHFDFTRELEFSZREED, REMNERBLED I AT LEHR
RY D, T2, ZLOMETR I ODEBREDOAZHRD LTH%, AR TIIRLZ LBILLE 2 Mo 728 % 1
I CEETE L LICT 5. SO HALISHIS L7 BIZE2 M) Ahs 2 & T MEDMATEZ Ho
%o

FEShBZA2NXT - FROREL
AWFZERHIN &2 3E R T 5 2 & T, M LT 5D 300 E%E

T B EDTE D, EICBRBEOMAIETH 5 H M
BEZHOBFEAVARL TV L HEE, FEHIRV AT 2%

SEZE X7 L

BT LORE - HhE
SEEEME (PEI. BBENE)

BEEEaE (REAOERERE)

BRTAHELETHRTE S, COVATFLEIFEHEADHEE
FEETTEEL., EEFIOHEELFIRATES LD ICHER
T3, 720 V2T VAT AT HI LT, RPN LD
FHTEL LD, WEIZIE, YATF2Z2HHTHIE
TALREDFT Y7 VEMEHNC Eb A0H 2. SDGs D
HEE 4 [HOBWHEBEEZARARIC] OFERICHERTE %,
ZLTC, ZRZhOEM ZURT 5V A7 22 ME T 7210
FMCHHTED X HICT B LT, JRICELIICBIT 518
HBEOBRESDBEEZEIETE S, LT, WINIZTXT
DT EDBDRBULEMPA 2 ERDBBEEMWET 5,

[8] E. O'Leary et al,, 7 : 1-15, 2020. [9] UNESCO, 2023.
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(BRI EERY)
MR —=~ ¥BWZ v bR DN G L—B“iﬂ‘

B2 DB O B B S B W%
—Osgood-Schlatter D FEIFHWI & PRI E D BT —

FAHE KBIEX
FTATTHA VEEER va—~r T4 7FER WLBUEME 344 425N 4A40210001

KO OR kR

BEE CICHGER A A7y FROWEBHHEZ HWICHEE I 217> C& 72 YT IZERER
DI FEREE % 5L %,

I. #X7 v NiRDIREEREBRIC DL T

FAZy FEFREICHRAETL2AR—VEETH ). KT IALE 3 2 IKE IS
AT L. RABIIICIZ, BEEOmKZMED TH 2 KBNEHEILLTBY) . AR—=IG
RN FFG AN T 5 S & 25 X7y FRORBRERTF E LTHISRTW5, A A7y F
WX 19034F 12 #) D TIEBI S S 7228, BUE X TV S 72RRER FPHHIESE RIS TV
Vo T THEH. KEHEORE ) LT RHEZIL 2 L7z, A X7y FWoEw
EFNVEHEL. TORBO—MEHLNIILTE . ZOMENELZUTICE LD S,
ORI O IE 12D MEE LD

7 v MEEAUBE X ORE M ORGHRINE. £AIKILOkKS AR TR S e L. %%ﬁﬂ
W OBMEDSHA SN TV LRV AICBISE SN E, LA L, BERUOK SR
JE ok E A SN T, Kb ITEMBRIER E NS, 2F ). KEMHEIZREF HW‘EV
LB L OEALZFE T, MRS NS, 20X H I, KEHEIZRT IRV ZofE 2 2k S
50 FORFERLHMBROME 2 M L2 MmE IR e h ol RUIZEICBW T, BEOMOK
ﬁ%ﬁﬁiﬂ%c: v RAOKKT FEICAEAET S type 1T collagen (Col2) ASEARMICHIZ SN2

EU?“S@(”H‘%’HG AT 5 type X collagen (Coll0) DJFAEIZIERE DO RBEITTIRICED b

f:o —J. FEMORSMEERE TIZ. Col20 i KILASTH IR L TWwiz25, Coll0D J/jTED R Ji
DAL LTHHIZE TIEDR > Tz, TRHLOFRD L. BE ) KefmoAIkIbiZiz, 2
FT—= I A TOEANEEG T 5 LM INz, RIZ, KEgtmionkibs L ELicib
LRT O EZRAT. TORE. BENUD SRFINH T, ERHERO AIRALEIHNZ B b
5% Ectonucleotide pyrophosphatase/phosphodiesterase-1 (ENPP1) D@z FI3BIA5. T HWIC
HHIN TV, E5I12, BEMDORBEHRIINCOT T, enthesis DL 1T % Fibroblast
growth factor 23 (FGF23) OFINLHHIHMIN Tz, Yo Z &5, Ko Akt
BLOELOMBFIZIE. #IOIZENPPIAY T Al S 7=, FGF230 L AHI#IR23hb T &
T, BEMHMESRA LT I EPHLNIZENT, BB, ZOMENEIL Journal of
Anatomy” \ZHEBE I N TV 5,

iR oW, KM O G IEEFISHECAIKLS X OET 525, € ZI2IE ENPPIO T
Hl#H=>. FGF23D FAHHAEE-§5 2 L 2@H L7z —FH T, EMRkoEEPIZIE, r9%
VB Y FuAf F UG EOBERTALRICEASIN TS, ShHDORTAHET S
LT, EHEOAIKIEMREINS Z LML T WA, AT, EMEOFILITIZ, KN
FRLKENEFIEDO OB T oz, KEHmIBEORETHEILT S, LrL. EWLA
RIT IR NI X 585 2B R $ % 72912, Chondromodulin-1 (Chm-1) 233 s h T
Wb, Doz eh»s, KEMmoaIk1Ls X OB bBfEIcB T, BE» Sh~oZdb X



' Chm-1DRBHEIEPEEG T 5T EARBEINDE D, TREETZHLPZEIN T o7 &
CTHHHZIZ. 9y P2HWVWTT VYT Y7V —PASHetall & - T, BlED 50kl
ZRFEENICHZE L. Chm1DORERED L H BT 20OV THLPIITL 2L ZHME
L7z TR, BREVPOREHERBEZT VY 7 v 7V —BEGZR L2721 TR L,
Chm-1DJBED F/2L M S N7z LA L. ZORBREE T VY7 ¥ TV —H55 PAS
Btk FOS~NZB) L. £ Chm- 1D RAEDSTHAE L Tz, o Z &h b, BENNORE
MERE OLEIBYETDH 255, THIERE ITEVIRA ITHEARBIT L. €OZE)H Chm- 1D
B L RITT LT, REWNEIEHEEINLZ LAVRKBEINZ, B, SONFR [HAER
FEBAE A RS BV THRIRS iz,
@A ATy FHEOBYIE T NMERS & OHEE O HLEE A R

F A7y FROFERIE, [REMEH/ AN L, BLWERRPLRE] PO TwD,
L2L. SRV Y 7R MRIWZ X B2 H{EZRAICE T, #oh72db0THY,
Z O e S AR BEEZILoRF b AN FIIEE I T ihdh ol —H T A
7y R R R 2 B R S g m i mb 2 2 L TRAET L 2 EAME SN TS, 22T
i, BIMELS PL Yy FIVEZHWAEF—N—2—XEFLVEBEIIL, F AT v F
WET VT v b OVEK E T OREZLCHD LT DM 217572 TORE, Py FIWE
TR, BEHENHEHERTRES IR EARORESHEZRLTWe, $72. MLy
NI NVERICBIT 2B OGO 4 Zi3@wfERN L T, MlEd 7228l
BENT, 51T, WEBICBVWTEFWED 1 2THAYTAY v AP OBEEREA L v F3
WHERZBWTE A BIgEIN/ MA T, KIEEY A A2 4 ¥ Th % Interleukin-b6 (IL-6) DI
EZTFRHAP IV Y FINVEMICBOTARICREWAT TR, g Mo B A kLo iz
B+ % Cyclooxygenase 2(Cox2) % Prostaglandin E2(PGE2) d F/-AEICE LA RIN TV,
UEoZ Eho, Py FINVEFORGHmE., EFFABEREHERXTRELSLL7ZTTERL,
FIEVET 4 M A4 U REMWE D% ﬁ%%ﬁéh“(b‘é EWEREI NSz, EHIT, TORFED
—3ii & LT, Cox2%° PGE2DFEHEIZ & 2 k5 Il D il R A IKAL D IPHIASBE 55 5 L AURIE S
N7z B, ZOWMFERNEIX "Scientific reports” [T E N TV 5,
GIRE R~ D BERR IR 3 D 3 X IRAL DRI 59 5

A7y FHOEHEIL. KM~ Z KR T2 BTV TF UV RAY vy —F &
LTREEINTVS, LAL, F A7y FRIEHERPIEVIRETHLI LD, ZOHRBEI
TSP DOMER DB EEZEZOND, € THEEIZ, KR~ BRI AT O R &
WCRIZTREIOWTHOLNI Lz ZOE, K HmIEMrigz b 3¢5 L., B0
%ﬂ%g@ﬁﬁ%%ﬁﬁéﬁﬁft<\%%&%ﬁﬁ%%&?é*kﬁ%%#’éhtoé%

v BREHEED X ) v —DORBUCEH T 5 L. R NELICLHD Piezol DI DFEM Y
Wﬁ%ﬁ?é&é kf*ﬁéhfwtoUL®uk#% JRE 5 HEL 1T~ D B 9 00 B D 9k A 1
Piezo 1 2908352 LT, EEREOBIELFET S 2 & T, FHBRNITNESS % 5 HLE&K % K
THIENHFEEINT, Thbb, CORMBIEIF AT Y FIHOHEIRIN TV LIHEFEED. H3EY
27 % LRAIELENTILEZRL, BURICBIT L4 A7y NRHEEOBES X AR EHE
MEVOEFEZELTHDOEEDbNS, B ORI Journal of Anatomy (23T
Thbo
@A ATy FIHICBIT 2 Wi 7= 5 BEREOZ R

T O EICK 8 F 2 ARG HE O AL ZHl2 2 LT, A A7y FhiEHET
%o LU, MEMZEETS 2 L0 EEE NG IZTTRRICOVTIIH L 2ICEI T
WP olze AFFRICBVT, LY EREEIIKREHBINICIEEY A M A4 v 2 ORBEL2EH)
SIS, FHBENO LRI ZRAE ST 2 2 LN SNz TOMFEEIEF X7 Y FiRD
FHEE LTIRET AL AEZEZTEBY .. BUE Nature Communications ~D ¥k #fi % #£ D T
W5,



(RR SR )
wrr—< MR A D Late Braking Force %
%9 5 LD WGE

EEHAE BPRiE]
TA T THA LEGER ANMBREBT YA Yl MR 2 4 SEENe 4A30220001
K W G A

AHEOEEEBN

Hm$¢ﬁﬁi#$%‘@$ﬁ%ﬁ%’%ﬁﬁl%?‘éhf‘ HRAT L ARG
P REHE, S OIWCAEFORICHE T, LM I T
Wb, MERZDOINEY) F—2 a3 VIZBWTHRITHED
BHEIIEELRETH 5,

CNFE TRNERZHEOSRITEEICHE T 25 & LT, MBW
VBN BT 2T (Propulsion Force. LAF PF) 25
WTHY. PFAUBET 2 HENL R - FESIhTwb, L
2L BRI T AR BE DA A T RS TUE PF 2SI B9 5%
¥4IV TTV—F L% bilEJ) (Late Braking Force. DA ' BamTR-pHAR ()
T LBF) I LR, BTHEMMK TR HEDOE/NLHL Figl: ST HAIC BT 3 PF & LBF
ZERHEIN TV S, N =

CROOWREHE R T, Re BT RAE G L WG om0 0

Ty ZRICENEMRNT 3 2 W 72 A7 00 247 v, 1578941110 Aot
22 LBF DS HBLL T (70%) ok 00 i st B0 300 & 3 A 3403 o> e 1 i '
JREAEOE TIEEZ RITLTWE I L 2R L. E5I1C
LBF 25 B9 2 B & UCid. Rk B0 7 B £% 30 o % B B £ 18 VA -
(Tailing Limb Angle. AT TLA) & Jfk 1) 5 3t B 30 o> T & Fig2: LBF % IR & € 532N ERA
JE PRI o WAL AH AR . i B B S o A RO T AEE L Twbs I E2H L NITL
(Fig2)o LA L. LBF #%#ET AN ABBEIZW ST R o T nizd, RS H TEEWREZR LBF
ZUET AN ATLEORHRHREPLETHLLEEZONS,

Hufiﬁ':lj)#!ﬁ@%‘@&ﬁ‘) NEYF—2a VIZHTAEINATERZRZ LGRS HH, ZOHTH R KHEE
HATHCE R P B ORI DOM A E LT—RIHWSNRTE Y, RIFOEBEERR - A
LRI B W T H EMT R HETH 5D, LBF OUET HH LA AT EZRFT A1, ohbd
@?t%ﬂmwdﬂz@ LBF IZIF$BEZMHTAIENETILVWEEZ NS,

ZZTAMETIE, B 1ERE L’Cﬂmfﬁtlﬂ}#fﬁﬁ%@ﬁﬁﬁﬂ4ﬂﬂlfﬁﬁﬂb ¥4 % LBFIZE LT, #it
K DA AT (Hijtﬂi;f'?%ﬁﬁ\ BWTHREROMH) BEDXHITHEEZRIZFLTVWLO0MET 5
(W%t 1) EHIE 2BRETIZLBF o5 L. iﬁ’a’:ﬂl%@‘é%ﬁblﬁ ABEE UCTEAERESZH
RyHZLEZHMETS (%8 2).

2. ERBIONAFED LBF ICRIFTHE
2-1. Hﬁiﬁl‘“ﬁ THRMEALBFIZ RT3 38
2-1-1. WFgExRt 4
WP 5 13 4% 5 BB IF RS & LC. 20174F 4 H % 52022 o100 _

+ e

E9H FTIBREORMEY N 7— ¥ 3 YRREEICTERI G (%) 594 + 104
SNTZEERRNT 7 — & R— A & 720 B O WA M IL#E %5 (m) 164 + 0.1
EOMFE DM R RBEE . @l BT ORI Z T, & Rl (Kg) 599 + 92
KHEEAT 2 5H L2, ORI~ 80 b & Lo B sws (st 54/ 46
ANIEHE T O TV 2 BT 973 Bl 2 S R0 13 R ot B il ot R (Re/Lo) 5 / 50
ZRT5H. QFHLLMERRS A —F Y v =X 22 8T FRERRIR (H) 1134 + 46.2

H. OFW LMW ZETA2HE L Lz, RE Lo FMA Fli 204 + 39
f’fﬁ] 131004 & 22 . FERE Table 11279, B, ZMi)‘f FMAS 5 ¥ % 118 + 15

i%(—fﬁj{—?‘ﬁil&:7’f 7“}'4 /iﬁﬂ: ?»I’ﬁ}l: rlﬁ%é FMA: Fugl-Myer Assessment



2-1-2. FHBRER B X OFHIERE

FHINCIE ZRCE BT SEGE VICON MX (4 2 148, ¥ 7Y ¥ 7P E100Hz) . AMTLIREJIR
(68, Y7 ¥ 7ZEPEEI000Hz) % Hv. KE~— 5 —id Helen Hays ¥ — % —E FWVIZH U THIK
D31 » AT U CORTEME D RHI %2 FE 0 L 720 AHUEREE B CEPORTHE  (Self-selecting speed
walking: SSW) Tl BT A Ty AKEEDAT (Maximum speed walking: MSW) % &1l L 72,

2-1-3. 7— % ORI & 5 b ik

ZWRICEMETREIC L DS 5727 — #1F Visual3D (C-motion #H8L) 2 H W, EF)- - sEH )
YT — % 2N U7, BBEE R o LBF & PF 2840 & L T4 L 72 LBFimpulse
& PFimpulse. JRE M B RIS B0 2 TLA, BRI a5 0 B B0 2 TR — S aR ek (DA
F. CRPPShank_PFootRMS : 7% 0 \Z WAL R AH BB PE A v ) & Wil e B i i i P 2 (DL
CRPPThigh_NPThighRMS : fEAS180IZ & VAR A ERPE DS V) . S 51T, BfF N7+ —< &L
THRATHEEE, WM TR 7 7FE, FFRMEMN TR 7 v 75, A8 0 & 35 19 10 oo i B8 55 h £ B2
R 4 2% b AR L B B B AV A B A S L 72,

SRR, 9. B0 EtRET LI VAL v b=—D UREZHWT, SSW & MSW 2
BULENTA—F — DB FE L 72, RIZ, SSW & MSW THjefl & 3 LBF 2B L 2 Wi
(LBF 2 L#E). SSW Il L CTMSW TLBF 2345 A # (LBF A #). SSWIZ L TMSW T
LBF 23804 28 (LBF ¥hn#E) o 3SEEICHHE LB, —oRESHIMEFERELE LTERY
Tz U= ZEEHCT, 3T A= —DBLFE %2 3B THRKR L (FEAKES %),

2-1-4. %5 %

SSW & ki L€ MSW Tld PFimpulse. TLA. CRPPThigh NPThighRMS. #4741 & FRFiM 2 7 v
TR, MMM A T v TR, e B L b ] 6 B b A BE A RS HIm L 72 A% (p<0.001).
LBFimpulse & CRPPShank_PFootRMS. ] D43 828 F AR L M AR A E R 2L R &
Ziro7z (Table2)o, 3BEIWC/HME L 7-HE R, LBF 74 L# : 30%. LBF W848 - 36%. LBF ¥t 3444
& 72, CRPPShank_PFootRMS & iz I U145 8 %% b8 B D2 L3113 LBF ¥R A EICE W R E -
7z (p<0.001) (Table3d).

SEEHIEATT RAEIEATT pvalue LBF 7 L# LBFeGERE LBEAgNEE

TH ST EZ 04
LBFjmpuse (N/BW) 0.04 £ 0.07 0.04 £ 0.06 0.577 (n=30) (n=36) (n=34)
PFimputc (N/BW) 131 + 0.8 163 + 098  <0.001 LBF Z{t# 0.35 £ 03 341 * 291
02+ 44 123+ 5 0001 PF 2L 132 + 03 162 + 1 115 + 04 0.01  LBF&it vs LBEAIN : p=0.008
TLA 2L 115 + 024 124 + 028 166 + 256
121 £ 56 113 £ 67 0.128
CRPprgh normigRMS ZLK 103 £ 012 1.08 = 0.13 106 + 0.1 ns.
136 £ 224 145 £ 256  <0.001 . . -
., LBF7: L vs LBFSghil : p=0.037
079 £ 02 106 £ 03 <0.001 CRP shank_prooRMS ZH{L 091 £ 011 094 F 002 LI F 007 0034 i o0
W2 7 2 75 (m) 027 £ 01 03 % 01  <0.001 BT A 134 £ 025 136 + 0.17 131 + 0.8
SEHP P L15 + 0.14 125 + 0.6 114 + 0.11
JERREN R 7 7 7 (m) 028 £ 0.1 032+ 0.1  <0.001 WWI 44“ ” o
—_— i d 3 9 84 & 92 0.00 FEIRI I 25 {l 112 + 0.13 1.27 + 0.54 114 * 0.11
FABEI) AT o e 6 + 9.5 4 9. .001
GG FRINER )% (deg) h P S eI i 5 2l 1.06 + 0.1 107 = 0.1 11+ 012
SEERAISYT  FRBE AR ih £ (deg) 458 + 13 49.1 + 13.4 <0.001 S PRIl i e 2L 1.06 + 0.07 108 + 0.17 108 + 0.07 .
M ¢ 198 = 27 197 £ 3.1 .9 . 5 L vs LBERIN : pei
T AR L dee) 8 7 0-933 Sw AR 1 2 (s 0.8 = 0.46 1+ 08 192+ 145  0.001 ig;?%‘“tg:m”"igggi
I BB ME E (deg) 3.51 = 3.9 3.6 = 4.3 0.496 ) ., N . S vs LBERLI : p=0.
v Y i pofl 5 +
BW:fki, TLA: Tailing Limb Angle, CRP: Continuous Relative Phase, RMS: Root Mean Square Sw BTS2 Aeflk 0.92 * 056 103 * 057 108 * 047
- ° = - ° = %32
Table2: SSW & MSW (251 2 &/8VT X — 2 — DL Table3: 3FMEICH T BE/NT A — 2 —E{LED LR

2-1-5. # %%

SSW % & MSW ~D#HREZALIZAE WV, PF B X O TLA, & S 2mjifll BB davom Loz
DD, LBF & T - REMBRAEON LR Sl TROLDKRENS, MSW O X 5 IZHE
Z L5 &9 BABATIETIE. WMEPRMEEZEEARL LTLBF 23852 3L, 0%
W& LT #EERICHES TR RSB REOERBHWEETH > 72 L HRFERTH -7 EZONL,

— 7Ty X0 FERNCEEZAILIZAE S LBF OZALD 5508 %47 - 7248, LBF 253 L 2 w3044,
LBF 3 EEIC X D3 58, 36%. LBF 2SHEZILIC X D3 28344 L - THBY ., HEE
AL & Y LBF 25843 ZREB & Hh3 2IEBIARAEL TWAH I E ZWEICT 5 2 & ASTE 2 LBF 255
FEZALIC X D BT 2RO E LCTid, Mo 28X ) &3EEILICED TR - ST AME T
(FAZARTERYE DM ) . ERENC BT 2582 LAEORMARD bz, Thid, TR - AR H
POERPHEETHL2DICHEL ST, HEMNEZ LawEwidhwnizd LN Th o720, FHRUEES
MOWMRAEIMMT LT LE SRR ELTLBFHEML TS EEZ bNMiz, & 512, LBF O¥IIZFE
WV, BRI T OB T X 0 AUER S BNy — U TH B ERE LI DEERZ S D,

VLEDRMED S, MSW D X 9 75 3 B 2 BN £ 8 % 473 E Tl — BB o MR B 5 12 BT LBF
DRV EWREETEDOD, HIZLBF BWELTL T HEMD WA, LBF 2 &8 5 5478
ELTIREYTIE WS & DSARMIZEIC TRB E L7z,

- SROMIER

PERBDOA AT & LTHTIEROEH G LBF I RIFTREBCHELT, 7= 0hziio
TWwb, WITLT, LBF ZRIETA2UNEY F—2 3 Y —VoORFEZEDTE D, 2023421
TR R 2 iR & L 72 FERE R 2 T o TV PRETH %o



(BRRZBPEREY)
wrr—e P2 FPY T —)VHIIZ X D NRFI1 - NRF3
FLE R R DG & ZDIoH

ERBH REROE
BEHER A — Y RLERIGER HAERE M WL 14 REENa 4H20230001
PR O N

WS REHY

AR AEAE. B X ORI AR BE O FBHE - MEFF 2D ITRBRIIC Y U7 2/ LT 5
B FOHTHBILA PV AR EIZE o TUMBEEDEL L, REOBREE RIS L b/ v
NIEBRBET S TOX)BRMBBIZE o TARELE o 72BN Y V37 HiZ v { 29O fRR
WKEoTHEBIZHHRENED, F0OHBHRH80% IF2EFF v - Fusr7 v —AHESH (UPS)
WX o THMRED A TN S, UPSIZZELEY ¥ 87 Ik LCHROEHRE 2 528 35 V{2
L. ThE2EREGHROBELEERTOTF 7V — 2058l - WO AL ETHMT 2RETH
D, ¥ NI EDOGREN L THROAEFIZHREE T 5%, MBI ZE0HEEEITH
ZEBMOLNTVS, /2. UPS OEEEIIVAMBICBOCHFAMATD 5. BNAMBBITERE &
RFZIILHOE LTIEFMEEL ) DHELHMBENEREREZROZ E0OEWN Y VR EBELR
T, BYEY VR TERRIRTH B UPS NDEEED LV B hoTwa I EnmbATY
%o EBIZ, KA, EERAE, LA, BB E, BEAA. B2A. BHilES2
LD E LA B BADRBHEOEEMZICBVTTE T 7V — 208G, (AR I1CR
RAEPIEFHMRE R L TB X Z2-121%), BXO7usr 7V —2l#l s Vo387 EOERBBIW
AEINTWw5H,

T, COPADUPSNOERFEOE I XA LB AKIN 7077 v —AHEHR (PD
Thb, PLIZZTU T T Y —AIIHEEND5MRBHRICEE NG L. TO0HEELZZE L KT S
BHEATHY, ZOEMZHALTMIUARI P a v Y 7R EOMBUNFEICEN Y Y828
TEMSEDL L TREMICEPAMBICHIEEZ FET 5, BfE, PIO—MTHALARLVT Y
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R MY Y 7 RENELR AT A Y PTFEOBEANMA . RO S 5 RA LI 0y
BT, 2K cHRLRE, @Y R 7 EERE D -REWERT — 5 4 ¥ 7 7 OEg
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WROWEBRENL, HNICB T 2HNOZTFR T E2RTHRETH 2. MO 1 DDl
ZA L724Ld S ORI ILO BRI D b RE LS, £72, LOHEHEIKRELS 25 LH
CHBUR B R T 2 2 Mo Twd [1]o S|BRE C, 5N (C, =2D/ pu'd) B
T, BRHBADPHCEN TS Z L6, WHAKIIIINIZE T 2 FIRAT RO 2% 12
ZERLTHENSINS, L2L, LA L2HRTE, W lohzZ @B TcE s enb, Hi
DR E 72 BRI 5 L Z R 5N 5. S, Lo E RN TEEARISIPAL 5
720, WD RIZHDL EEZEZ BN L. %Efld & HHOEIURBUIH KT 5 Dh ABFET
FIEIURBNC BT 2 E AW DB L WG 5720, JLOMERICEH LB OLS EMRET IV
= BE L EBRIMIETE 2 47 o 720

Table LIZ/R L7z, BHEOILZATAMIMIERT 7 IV T L= 2 HWTEEL TS, fLiZ
fLE 3, 4, 6 LOBHII%0.01-05T. fLHAILEPRHEELEVRRAFE TEITI L, #IEL-LD XM
Mix. Figure 1Z/R L7205%05X%4m O RHLKEEHN Z H 72500 & 2 7 A TR Z2 #EE0.2m/s
TEAT L. FBRHE IS 72T & Table 1 Disk with multiple holes.
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Figure 1 Measurement of drag coefficient of disk with holes. Figure 2 Visualization setup.
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L. MRoOMERCTBT 5 2 & THKITGIL Lz T2 T MOBEARR—ETH S 720, M
JHEEFEUEKZ O, EPUREEHICHV 2 EERMEE. L XMHRICBTHREE Lo
FRZNZhO 2 FOMEBICHHT S 00, EIURBOBGX 2 72 T TENM L KT 5,
Figure 37T, FHlMH & #EILENC BT 2 im0 B U5 & b AR O3 KITHE - THEIUR BT AT
5ZLZRLTBY. PR KROILEZ PR 2250l 20 & & A WS & 2 5B KPR B KI5
LTWwWBZEDPHONE o7z, ERMEEARBRICEEHAREFT NV TEME LTENEL TS
D, THEHEHRADPHEZHOTWAEZ LR SEANMOBEZHMBLTRLTWADIIH L, %
WAICIENC X 23BN Mb b0 E 2 N5,

FEDI 2B b B 3 O Wi AUk IE & 7

BrL7omiR &R d o ILd S MO RN
DI EES LA S DR OB %
Z\F T2t $ %, Figure 412 4 LD
B 11380.1-04D € 7 VI BT 5 14 it
FES DIFRTRE R 2R o IR &
DTFHIZEL Y RAMBNZ LT %,
U O PG BR BIBII R I & - TR
CHRBTEEZSRTHY (2], 1L Twoe e e m o nu
DR RICHF L THRT 52 A RN Figure 3 Relation between arealzlfhtk(;ut’;l Pll;)fz sides and drag coefficient.
DBV BRMDOWNS 23 ETW»
%o F7o. WO AMAEIZHEWAE S, FHEER0L 02TIXMBIMI & T, 03TIEIFAK
Py 0ATHRP LI ENEER LTS, ThiE, B E . £ L TR & PR T ok
_éﬁFﬁML;é%wk%x6hé[QOHW®¢D%ﬁwﬁEﬁilo’% THEIER
O, BIMMAEDBRWORNGZ LI EIENTHLLEZ LN,

Drag coefficient

Figure 4 Average velocity field of disk with 4 holes.
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[3] N. Fujisama, K. Nakamura and K. Srinivas, "Interaction of Two Parallel Plane Jets of Different
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TAHE A HER
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A VIR EBEBRIE T VA% (Ion-Sensitive
Field-Effect Transistor: ISFET) % H \» 7z B &L
T Y IX DNA - Ptk - BEE & v o ARG Ml
fakifg L MlAGbEs 2 L THiRREOL Y V7

TIRER

BWRETH B, FERTNA 2 TH B ISFET I, %E m ;v:‘\/:\;mm
/J\i:ﬂ/ft ° %%%ﬂﬁ?ﬁﬁ%fﬁ) D IR =D §E:30$ i—,—.;?:» HEHDED

VTNIA A A d vy Yy THMETE 5o M Fig. 1 pH BT 2 T] Mt

Ja 2B W CTid, ISFET EM IR L 7=/~

S9MEAE F 70130518 & B A LHEVE Uy MR 65 O B 7 pH IS 2 5Tl 5 pH BEjE R
X¥hTws (Fig. 1)”s AT in vitro TEAR A (Tigh Junction: TJ) & o 22K RIS &
R MR R A AN IZEFM 3 5 S AT & B, 72, s (H R NH) 2IEFIT/HE
W7z, G A X @RI EE<033 nm) OMILEMINTE 2 HBRELTETH L,

R B3GR (Epithelial-Mesenchymal Transition: EMT) & FEZHIB S BRI O K % 1
BT 2 MREEERTH Y. PAORMEBA A =X LD—2L LTEHEATHWEY, EMT ®
WRTEET 2 T] BDBACBT N4 T — A RBHRENE R D D 57, A% TIZ EMT T4
U5 T]#ifeicEH L, pHEBEICX B2 B o720 BAF T SHliF1:CTd % & 8RR R
TEER (Trans-Epithelial Electrical Resistance) DR & R $ 5 2 & C pH BB
ZRGEL 720 FRMICIEEVIEE L DY - SHEFMEZED L. EMT JERNZE» SAI3EZ 7 ) —
=V 7 ETORH»ERETE %,

2. JiE

MDCK (Madin-Darby canine kidney) fMiigd% 5% CO,. 37C ®BREE F CTI6RERIFEZE L. 0.1,
1. 10ng/mL TGF-BIZ& ) EMT OiFEE2 B I o720 EMT #FEIZ X 5 &1L % pH # 8 TR
fili L 720 NF ¥ % VR ISFET (Ta,0,/Si;N,/SiO,) (ISFETCOM) % 7z, M€ id Ca” BTP
e + (20mM [Sucrose] pH 74) T L 723w 2%, (10mM [NH,CL] pH 7.2) Tl
L= %2 BRSOV 702 X ) §iE#30ul/min T 1 2 [HIkE 3 S WML 65 (28 L pH 8 % 37E
L7, Z2MEME LT Ag/AgCl pellet (Warner Instruments) ZHWw, FL A ¥ -V —2X&EHFE
(Vos =05V), &t (I,s =05mA) TDC "4 7 AEMALTHMLZ, FLA v -ZREOE



JE (V,) Dadgkn 72912 A LabJack U6-Pro (LabJack) Zfil L7z. TJ] O#ERTFHETH 5EH
REE TEERGFHM TH EMT FEIC X 52212 5Ffli L 720 K7 ¥ 4 ZX04 um Transwell®
(Corning) @4 ¥ — b RICHIRZ#HERE L7z GRS VF 7 o VNES, PTG VA 2 VN
%30ug/mL Lucifer yellow CH (LY) (Fujifilm Wako) Z&&iii~NE L 72, 37C. 5%
CODBIE T T1HEM A ~F 2X—} L, Infinite 200 microplate reader (Tecan) TNV F 7 =
VN O FOGRME L7z (Ex/Em:A428/536 nm)o FHIICHHMEMD S LY OREEZ KD, &
MEEZIH L7720 TEERFHIIZ P A S A LTRSSy 2 ¥ 7 &2 E8m2 vz,
VersaSTAT 3 (Princeton Applied Research) TDC /34 7 2% L. 10mV OB Z FIh L.
P %10~100,000 Hz TA Y ¥ =¥ Y AEm2WE LTz $iFEA Y ¥—F ¥R (Z,2,) #V7
k7 = 7 ZPlot. (Scribner Associates) % M\ TS 7 1 v 7 ¥ 7% BT o7z
3. WREEH

EMT 382 & 2 T] #ife oMM 2 B % o720 #r
BFETH 2 pH LTI, TXRTORED TGF-
BALELC24RE I £ 5 AV OB B2 R S
7z (Fig2. a, b)o EMT #3512 & ) H+ BE) 2 i) T
W2 T] B fE L2 L ICHkET A EE 2 bR BY, i )
B4 T) A TR0 B AR L TEER g b Rpps D0 PHPOIRE RS T RO

(a) 2L, (b) AV O,

il 2 B C %o 7o EMRERTIE TGEF- B L2415 [ Mean + SD (n=4). *p <005 *p < 001
#H 510ng/mL. Ing/mL OEEEDO AEN 2 LY EOZALSE Sz KB E®0.1ng/mL
DRI ATT 4 73 ba—L LIZIZM UfETH - 720 TEER 2Tl FS & 0 Ml 3545 %
WZHE 9 % HKPT Reell (DA B 2 A H310ng/mL. 1ng/mL @ TGF- f WLEE D R4A8KE [ £ 2 & &t
WIS Nz EMT #FEIZ X 5 T b TIEEPUE G OWA P S W B 5, WK A U7z TGF- B
W2 X 2B MASKIUEOBME LTl W22 22X ) ZOE MBI h L E2 bh b,
WA T L 0 AR, BRI O TGF- B MBI X W AEADNA SN, pHEBHESWY O EMT
ZATE 2 RBELTFLETH D LRI NI,
4. K5Ek

AWFZETIE EMT THA U5 T] OfhelcA H L, TJ il F-8:Td % pH HE)E: T EMT 25
TRETH LD Mat Lze TGF-BI2& Y EMT 258 L, pH B CRHlli§ 2 & TJ Mk ik
¥ 2 BE OB S 7z BEAF T] 5l Hk0Z M & TEER IETORIR LT 2 &,
pH HE)EIZ & 0GR X 72138 TGF- f &M THEADPMR S, pHEBEED X U w5
T THLWREEIRE N, 5%IZISFET O TH /M - HHEFLE 2720 F&
Vo 72ZRITEEREMAGDESL I ETE VMRBE/NREZ BB L72AER 7 ) —= v Vel
PRI NS,
5. ZEHR

1) Shengli C. et al., Electrochemical Science Advances. 2022, 3(4), 1-25.

2) Hatano H et al., Analytical Chemistry. 2019, 91 (5), 3525-3532.

3) Hatano H et al., ACS Sensors. 2019, 4(12), 3195-3202.

4) Yang ] et al., Nature Reviews Molecular Cell Biology. 2020, 21 (6), 341-352.

5) Kyuno D et al., Biochim Biophys Acta Biomembr. 2021, 1863(3), 183503-183514.
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WMIELREERB NG, SOOI ZMIET 5 2 & 2 HEICHK 4 1. MOSFET @8y K ifix
@Wh@%&%ﬁ%ﬁ%&#Lﬁ«%%%%E%ﬁﬂLf%toL# . —RRICIZBIEE S
IHAMNETPHONL 720, ﬁhv%xmﬁwa#%%@«%%fmnnmm%ﬁu
MERH o T20 T, WKIBEEZH 5720 BREEZ KIBICEKRTL2LENRD Y.
MOSFET @05 ¥ % #<3 = afﬂmbfwt%%@@%i ] B EAE DI ASHE & 72 5 T
Wzo RO HIZ, ETHBOREIICE )V RERoORMEEZR S L3, 42~ IC%
EABRTREE T H20BFEARLT LI ETH S,
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BHE y Z8EbEk, BEEWHRT LI L TREFELREZIT-o TV 5,
3. MIBEHERE O OB Tk
31§&ﬁV/F F—MERICE BHAEOM/D K212 A L v I T —% W70 o i i
VEBEALV YIS —REEHCLUEIORBEOL AL 7 FROKEZ RS, HEREIETIE
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Wl D% B3kl & ) MOSFET OB FI$ % 623 T \2¥I 2 2 BRI Z L L7z Shick D,
PERMBRAILRT LA 77 M Z344% 12/ 3 5 Z LSk 72,

3-2. MmO REBEIL K3 ICHEMEBRNBOT Oy FRERT. N4 7T AERBRIL ZHPT L
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HlliExE. ThZEhsS, S, S, S, tEL L, £
5 OMMOFA S, 1FRB)D X HITEKEI NS,
St =So+ 51+ 52+ Sout (3)
ThZENOFE A & WEE. KU s o
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650um
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minS; = 4%/55-5. -5, Sy (4) .

72751 nakﬁ:o) L ERANIET B KDDo—e—————
$1= 5= Souc = 4/S0 515 Syout Vmout Ll OB
AT Y., FEHARIENO MOSFET (‘ ® ® Voo
L RHLO LD HANL8.3% 28/ T & 72, I TV, 1 My My M,
4. <EFLMRIC OBIEANIE Vious Mo 2| Ry +los
"%%'}2]@1 I1C %%E)\Hjjj'ﬂﬁj-éf:y)\ ﬁ%{ Current Mirror 5 v
LW O AN RICEILERERNBEE, LT CM1 x M,
SRR IR I O M) 1S B E R B % 2 R r7r7
ZREELCTIHAL, M3 #HHETRE®ROITOY 7E
5. #AE IC DG O M fls 3
FEBTRIE L 2R & A IC o SR MAICH _ om0 i)
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WMDY I 2L — 3 UREREENEREZR E e | ,ﬁ ;
Fo NEHEAM y 1 05, 08DOFMTIZADEE E sew :f:f:;fﬁ' il
10mV~200mV D %E @ T ’— 1:1 k=2 72 }\ Hj jj —I ﬁlé CE c _»;, DA LA AL DALAANAN ADAAAND
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1. a3

C &AM (UVC @ #E100~280nm) ZF)H & { F4:T& % UVC-LED &/MCIIH & & )
I ERD. K (Hg) Z2&FH0RIDEEL LTEHINTWS [1]. UVCRIZHmV IR
R E RO 7O BREBIC LYy, IZERB, RaaR s T (2], L»L, UVC
W% S 2 BCIE, REMRD 72D UVC ROWEDLLETH 5, UVC ok e LT
FBRBLWEE (74 b)) 2D, UVCOLZ MIEIECHRINTE 225, mBEEOEHEA
VETHLHREDREN DD —Ti L bR T BN TH 208 - ERIOEREH O
Si-PD 1. #5400nm~1100nm @ #i P O v #ok B L OERABITH L TR IREE 2 £ 25,
UVC % UVB )t (P K320~280nm) 7 £ D R400 nm LA T OIMRICH 3 2 IEEE 1T,

AWFZETIE, A, i CEIRES UVC RoBIZHT O 22012, UVC Lo ghcm#it
7RRERIOEER T HEOGR S B - ERIVOEH Si-PD ZMLAE DGR T + 5 A
% — F (Fluorescence enhanced PD, FE-PD) ##fE L. UVC-LED 2839 4% UVC Xtz #ll & L
7z [3]o 7z FE-PD HOMkA ZRAOGARZ GG L 22858, dobkoXEzZ N T3562 & TUVC
W& FEEICHMINTE 2 2 e dbdoiz, RN LA KL 2300k E Wl - ERIOLH Si-PD %
HMAH b7z FEPD # Hl\Ww/z UVC KOMEHRIZOVTH b THET %,

2. B

UVC St S Tt F 22 IR 2 383 2 40k &0 WTHL - JEARISEH Si-PD &Ml &
b7z FE-PD B3 % v C. UVC-LED 22 5 & %5 UVC K% #ll5€ L 72o FE-PD 121
Y;AL,0,, (YAG) : Ces YAG:Pr. YAG: Eu. YAG: Th. YAG: Cr. ALO,: Ti. ALO,:
Cr. MgALOQ, : Ti. MgALQO, : Cr. MgALO, : Mn. FOHEAMNB L O, FitT 7 Vv,
fREOCT 7 ) VR EDEOUERE Wz, BOGKIX, 99.99% (AN) @ Y,0,& ALO,. MgO.
CeO, Pr0,. Ew,05 ThO,n TiOs 99.9% (3N) @ Cr,0,& MnO % 5Bk & U, {3 i ik
(Floating zone, FZ #:) THEMK L7zo HRAIET 7V NV EfFEEET 7 U Viddilom 2z vz,

FE-PD Bt £ O IREIZ 5 2 2 8OR RO RN TORELZ W5 72012, KEZE TR, A b
I 4 7R ZARBURR AR T LR a887 2 ) V2 H L7z, @i o UVC bl
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ScHA Heat generation and cluster formation of
non-spherical magnetic particles synthesized
with supercritical ethanol and ferrocene
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1. Introduction

It is well known that nano/micro particles composed of magnetic materials such as iron and
cobalt dissipate heat under a radio frequency alternating magnetic field caused by magnetic
hysteresis and eddy currents. The cluster formation of magnetic particles affects their heat
dissipation efficiency and it may change depending on the cluster structures. In this study, I focus
on the effect of the shape of magnetic particles on their heat generation and cluster formation. I
synthesize non-spherical magnetic particles using supercritical ethanol and ferrocene and
investigate their heat generation and cluster formation under external magnetic fields.

2. Experimental details

I dissolved ferrocene in ethanol at the concentration of 4.8 mg/mL and the solution was
enclosed in a cylindrical chamber of 44.4 mL volume. Note that the amount of the solution in
the chamber was set at 44 mL, in which case if the temperature is increased to 350 ° C, the
pressure becomes 6.2 MPa and therefore the solvent reaches a supercritical state according to
the van der Waals equation of state. I heated up the solution by an electric heating wire
installed around the chamber and maintained its temperature at 350 ° C for th = 0-120 min.
After cooling to room temperature, magnetic particles produced in the solution were collected
using a magnet and were washed with ethanol. The morphology and magnetic properties of
the synthesized magnetic particles were evaluated using a scanning electron microscope
(SEM, SU6600, Hitachi High-Technologies Co., Ltd.) and a SQUID magnetometer (MPMS3,
Quantum Design Inc.), respectively.

The magnetic particles synthesized in the present study were dispersed in water with 10%
v/v of surfactant (US0010, US Research Nanomaterials Inc.). The concentration of the particles
was set at 0.3 mg/mL. The particle solution was subjected to an alternating magnetic field (20
kA/m, 0.3 MHz) and its temperature change was measured using an optical fiber thermometer
(Reflex, Neoptix Inc.). The specific absorption rate (SAR), which represents the amount of heat
generated by particles of 1g, was calculated by the following equation:

c(mp +ms).£
At

SAR[W/g]= (1)

b
p

where, ¢, m, and m, are the specific heat of the solvent, the total mass of the particles in the
solution and the mass of the solvent, respectively. AT represents the temperature increase
during the time interval At = 300 s. The cluster formation of the particles in the solution
subjected to external magnetic fields were observed by optical microscopes.



3. Results and discussion

It was confirmed by SEM observations that spherical, flower-shaped, and snowflake-like
magnetic particles were synthesized under the supercritical conditions (see Fig. 1). As the
heating time in the production process of particles, f#, increased, the production rate of the
non-spherical particles increased. The average size of the non-spherical particles was, in
general, larger than that of the spherical ones. I believe that spherical particles were initially
produced and then they grew further to become non-spherical shape. As the heating time, th.
increased, the saturation magnetization of the particles increased, which means that the
saturation magnetization of the non-spherical particles was higher than that of the spherical
ones. According to ZFC/FC measurements, the content of magnetite in the particles also
increased with an increase in the heating time, ¢,

As the heating time, th, was increased from 0 to 120 min, the SAR of the particles subjected
to an ac magnetic field of 20 kA/m and 0.3 MHz increased from 17 to 38 W/g. This suggests
that the heat generation efficiency of the non-spherical particles was higher than that of the
spherical ones since the production rate of the non-spherical particles also increased with an
increase in the heating time as mentioned above. The magnetic particles formed chain-like
clusters under the ac magnetic field and the average size of the clusters increased with an
increase in £,

When a dc magnetic field of 2 kA/m was applied to the magnetic particles, they formed
clusters. In the case of the magnetic particles synthesized with #, = 0 min (the percentage of
the non-spherical particles was low), chain-like clusters were mostly created, while in the case
of 1, = 120 min (the percentage of the non-spherical particles was high), some particles formed
loop structures.

4. Conclusions

I synthesized magnetic particles with ferrocene-ethanol solution. When the solution was
heated above the critical temperature of the solvent, spherical, flower-shaped, and snowflake-
like magnetic particles were produced. I investigated the heat generation and cluster
formation of the particles and clarified the effect of the particles’ shape on them.

Presentation
[1] K. Hiratsuka, M. Suzuki, T. Maekawa and H. Morimoto, “Heat generation efficiency of non-

spherical magnetic particles synthesized with a supercritical fluid”, The 21" International
Symposium on Applied Electromagnetics and Mechanics (ISEM 2023) (November 2023,
Tokyo, Japan).

Fig. 1. SEM images of magnetic particles. (A) th = 0 min. (B) th = 120 min.
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The retention of younger workers in China is a problem as the new generation of workers
place a high priority on work-life balance and challenge traditional leadership styles. As a
result, younger generation workers lack commitment in their jobs and have lower job
satisfaction. The purpose of this research is to investigate Chinese workers and their
perception of various leadership styles and attributes. The research questions are as follows:
RQI1. What is the leadership type mostly preferred by Chinese workers?

In addition, younger workers in China increasingly dislike blue collar work leading to the
following research question:

RQ2. Do blue-collar workers differ from white-collar workers in their preference of leadership
types?

The literature review for this study includes prior works on employee psychological
contract fulfillment, employee commitment, and employee satisfaction. Employee commitment
entails a profound sense of belonging, motivating individuals to dedicate themselves to
assigned tasks and derive meaning from their work. This sense of belonging is deeply
ingrained in an employee's consciousness, influenced by cultural factors, particularly within
the context of Chinese culture. Another aspect of the literature review is a comprehensive
examination of four prominent leadership styles: Directive Leadership, Transactional
Leadership, Transformational Leadership, and Empowering Leadership. By understanding the
distinctive characteristics of each style, we explore how these leadership traits have
previously impacted employee psychological attributes across various industries. This
exploration extends further by incorporating Chinese cultural values into the understanding
of employee attributes. Hypotheses formulated to establish connections and examine the
relationships with differentiated leadership styles are presented as follows:

HI: Chinese blue-collar workers’ preference would differ from white-collar workers on Directive
Leadership style.
HZ2: Chinese blue-collar workers’ preference would differ from white-collar workers on

Transactional Leadership style.



H3: Chinese blue-collar workers’ preference wouldn’t differ from white-collar workers on
Transformational Leadership style.

H4: Chinese blue-collar workers’ preference would differ from white-collar workers on
Empowering Leadership style.

A questionnaire is designed to collect responses from Chinese workers in China their
preference for various leadership types. Usable responses from 118 subjects were then
analyzed. For hypotheses testing t-test was used.

The final analysis shows that Chinese workers, whether white-collar or blue-collar, prefer
transactional leadership. White-collar workers favor directive leadership as their least desired
form, while blue-collar workers indicate neutrality towards three other styles of leadership.
For white-collar workers, the adjectives "patient, team-builder, communicative, procedural,
confident" were most frequently selected as important attributes of leaders in addition to the
leadership type preference. In other words, by selecting these adjectives, white-collar workers
indicate how they prefer the attributes of leaders based on transactional leadership style.
However, blue-collar workers prefer leaders who are risk-takers, independent, fractious, and
consultative. The attributes that both collar workers appreciate are ordered from first to fifth.
In general, these findings offer managers insightful guidance on how to effectively manage
and collaborate with their Chinese subordinates.

The findings of this study shed light on and make recommendations for managers in
organizations that have a subset of Chinese employees. Based on an analysis of the attitudes
of each leadership style toward the workplace, managers will be aware that transactional and
transformational management styles can effectively encourage Chinese employees to stay

with their employers and be satisfied and motivated.

This thesis has several shortcomings. As opposed to the using stratified sampling, the
participants in this study were solicited from a convenience sample pool of respondents with
a variety of backgrounds and occupations. Future research may consider using stratified
sample. The second is about participants' dishonesty. Due to the temporary and goal-oriented
nature of the questionnaire and the requirement to record some personal information through
analysis of the results, there is a risk that participants may be dishonest, which complicates
the reliability of the data gathered. The third constraint pertains to the imbalance of
observations between white-collar and blue-collar workers. Future research may consider

recruiting more blue-collar workers.

Term of Keywords:
Leadership types, Leadership Attributes, Chinese Employvee, Employee Psychological Contract Fulfillment



CRAERMZIN 2T
ScHA Impact of External Support for Organic
Farming in Sri Lanka

EAEHE  MAAT
FEIBR W 7E R EIBR R g LR UIERAE 2 4%4F  S25ENo 3D20220002
Gonaduwage Rangana

Introduction

Organic agriculture is a sustainable approach that aims to mitigate the adverse effects of
conventional agricultural practices on the environment and human health by abstaining from
using inputs such as pesticides, fertilizers, Genetically Modified Organisms (GMOs),
antibiotics, and growth hormones. Promoting organic farming can contribute to poverty
reduction and rural development by providing opportunities for small-scale farmers to access
local and international markets that value sustainable and environmentally friendly products.
Sri Lanka, a tropical country with a diverse ecosystem and a long-standing tradition of
sustainable agriculture, presents an opportunity to promote organic farming practices. In
addition to the Sri Lankan government's efforts in this regard, non-governmental organizations
(NGOs) have also played an active role in supporting organic farmers in the country.

In 2019, Peace Winds Japan (PW]) launched an organic farming project in the Trincomalee
district of Sri Lanka to increase farmers’ income by introducing them to organic farming
through sufficient training and supporting them in accessing the organic market. The primary
objective of this study is to evaluate the impact of PW]'s organic farming project on farmers'
income in Sri Lanka. The study employed an experimental design, with project participants
assigned to the experimental group and non-participants to the control group.

Impact of the PW]J's Organic Project

The project had a significant impact on promoting organic farming practices among
farmers. The study found that the project increased farmers' awareness of the organic market,
crop prices, and the added value of organic crops. This increased awareness has the potential
to lead to a more competitive organic market, greater adoption of organic farming practices,
and increased demand for organic produce. The project successfully motivated farmers to
engage in organic farming and allowed them to expand their land for organic farming. All the
participants were also able to achieve organic certification following the guidance of PW].
The training provided to farmers in seedling, organic compost, and pesticide production was
instrumental in this regard.

The study found that the knowledge and competencies gained by farmers through the
training enabled them to generate additional revenue by trading those products despite their
low contribution to total income. This indicates that farmers were able to diversify their
income streams. Despite the fact that the initial contribution from diversified income streams
may be relatively low, it is still essential for farmers to explore this option. Diversification can
help farmers mitigate risks associated with price fluctuations, weather conditions, and market



demand by reducing their dependence on a single crop or product. Additionally, it can enable
farmers to tap into new markets, increase their revenue, and improve their livelihoods. While
diversification may require time and effort to build up alternative income streams, the long-
term benefits can be significant. According to the study, the project has been effective in
reducing the costs associated with farming. This can be attributed to farmers' ability to
produce organic compost and pesticides needed for their farms, resulting in fewer expenses.
The materials required for these products are either obtained for free or at a low cost and are
easily accessible in comparison to other regions of Sri Lanka. As a result, the cost of
production has been significantly reduced, making farming a more affordable and sustainable
option for farmers.

The primary purpose of this study was to investigate whether external support for organic
farming in Sri Lanka increased farmers' income. The study compared the income of Peace
Winds Japan’s organic project participants and non-project participants. The study found that
the total household income of project participants did not exceed that of non-participants,
indicating that the adoption of organic farming may not necessarily result in a significant
increase in overall income. This may be due to the fact that farmers were facing challenges
in selling their organic products with added value. With the assistance of PW], farmers were
able to sell most of the crops with added value. However, the premiums were not significantly
large. Therefore, it is essential to consider the financial implications of organic farming before
making the switch. The study highlights the need for a nuanced understanding of the
economic implications of organic farming and the importance of making informed decisions
based on individual circumstances and resources.

Household income of project participants and non-project participants

Conclusion
Project Participants Non-project Participants

Source of | Average | % of total Average | % of total
Income | jpcome | household SD income | household SD

(LKR) income (LKR) income
Farm | 3050733 | 65.0% | 188501.571 | 696803.5 | 90.6% |369792.5875
Income
Non-farm | 5507500 | 35.0% |319272.5078 | 72550.0 94% | 137016.1247
Income
Total
Household | 5942233 100% 849540.8681 | 769353.5 100% 337932.825
Income

The findings suggest that individuals with larger landholdings and higher non-farm incomes
are more likely to participate in initiatives promoting organic farming. However, the study
also reveals that the income generated from organic farming is not significant, which can be
attributed to the underdeveloped nature of the organic market. The lack of price premiums in
the market for organic produce indicates a need for further development and promotion of
organic farming to provide more substantial financial incentives for farmers. This study
underscores the importance of creating a sustainable and supportive environment for organic
farming, which can ultimately benefit both farmers and consumers.
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I. Introduction

The tourism industry acts as a crucial source of revenue for many developing countries,
with Sri Lanka being no exception. It not only brings in foreign exchange earnings but also
creates job opportunities for locals. In recent years, Sri Lanka has seen a significant boom in
the tourism industry, making a substantial impact on the country's economy. As per the Sri
Lanka Tourism Development Authority (2019), in 2019 alone, approximately two million
tourists visited Sri Lanka, generating an impressive revenue of over 3.6 billion dollars, and
contributing 4.3% to the national GDP.

However, despite the industry's growth, gender imbalance in the Sri Lankan tourism sector
is a significant issue, as highlighted by The Sri Lanka Tourism Development Authority (2018).
Women's participation, particularly in the hotel sector, is considerably low, with few women
holding decision-making positions or skilled professions. This poses a significant challenge
that demands immediate attention to ensure the continued success of tourism. Hence, this
study aims to address sociocultural issues and create a women-friendly working environment
that encourages young female employees' participation in the industry.

II. Literature Review

The success of the tourism industry heavily relies on the efficiency of the hospitality sector
and the hotel industry is a key component in both tourism and hospitality sectors. According
to Dickman, S. (1981), five key components aid in the progress of tourism called Attractions,
Access, Accommodation, Amenities, and Activities. Among these, accommodation plays a vital
role in the tourism industry, serving as a fundamental component in meeting the diverse
needs of travellers and providing essential services and amenities necessary for an enriching
travel experience.

The issue of women's empowerment has become a crucial and highly discussed topic in
modern society. The benefits of empowering women extend beyond just the economy, as it
also has a positive impact on political and socio-economic domains, ultimately improving the
overall quality of life. In Sri Lanka, it is crucial that women play an active role in the
country's labour force, particularly in industries like tourism. As such, the tourism and
hospitality sectors in Sri Lanka should take steps to address the shortage of female employees
to ensure their continued growth and success.

There are various socio-cultural and vocational factors that deter women from pursuing
careers in lodging, including social and cultural norms, discriminatory hiring and promotion
practices, inflexible work schedules, mental and physical harassment and lack of role models.
Besides, Karunarathne A.C.LD (2015) highlights social attitudes as a significant impediment to
female participation. Also, he mentioned that mental and physical harassment, as well as
underestimating women's capabilities, can have a detrimental effect and discourage young



women from pursuing careers in hospitality.

The author of this research focuses on examining the sociocultural obstacles such as gender
stereotypes, conservative thoughts of people and social stigma that significantly contribute to
low female representation in the hotel industry in Sri Lanka. The purpose of this research is
to identify the precise sociocultural factors that hinder women from pursuing a career in the
lodging industry and endeavour to delve into and suggest reinvigorated approaches that could
be adopted to tackle these socio-cultural obstacles that women face in the lodging industry in
Sri Lanka. Furthermore, the research paper strives to establish efficacious strategies for
facilitating an inclusive workplace that female employees can easily access in the lodging
industry.

II1. Methodology

The purpose of this research study is to find strategies to address socio-cultural issues in
the hotel industry in Sri Lanka and increase female participation in the industry. For this
study, the author has chosen four- and five-star hotels that have been designated as "Classified
tourist hotels" by the Sri Lanka Tourism Development Authority and qualitative data was
gathered through the use of semi-structured interviews. In order to gain a clear understanding
of the topic, ten randomly chosen participants were taken from four- and five-star hotels
located in the popular tourist destinations of Galle and Colombo, which attract both domestic
and foreign tourists. Furthermore, the samples were purposefully chosen to include both
administrative and non-administrative roles to explore different perspectives. The participants
were asked open-ended questions, and the collected data was analysed by using the 'Six-Phase
Thematic Analytical Process' introduced by Braun & Clarke. (2012).

IV. Results and Discussion

According to the research findings, there is a significant gender imbalance that favours
males, with an average of 87% male to 13% female and demonstrates the lack of female
participation in the hotel sector in Sri Lanka. In the investigated hotels, female staff are
primarily assigned duties in finance, human resources, housekeeping, front office, F&B
services etc. Moreover, the female staff in these hotels were provided with necessary facilities
including leaves, accommodation facilities, transportation, meals and uniforms and so on. As
stated by the participants of this study, the female workforce is important to the hotel
because their higher skills such as management and problem-solving skills and different
thinking patterns are crucial to the industry.

According to the results, negative perceptions such as gender stereotypes, social roles tied
to marriage, conservative thoughts, and lack of awareness of the industry, are some important
factors which impact female participation as outcomes from the interview results. Moreover,
as recommended by the participants, it is essential to address the above issues and attract
more women to the hotel industry by creating flexible working conditions, increasing benefits,
and making social awareness.

The study concludes that having female employees in the hotel industry is crucial and
beneficial because female employees possess certain qualities that are required in the
hospitality and hotel fields. However, the study highlights negative sociocultural issues that
impact women in hotel careers and these issues need to be addressed to improve female
employment in hotels. To address sociocultural issues and improve female employment, this
study adopted UNWTO strategies (World Tourism Organization, 2019) such as improving
women's work-life balance, increasing female leadership in decision-making, training tourism
employees, encouraging female students in tourism studies, and so on. Furthermore, the
author proposes recruiting women in skilled professions and creating social awareness about
the industry which exposure to careers in hotels.
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1. Introduction

Onomatopoeia is a method of expression in which various actions, appearances, situations,
and emotions are expressed with imitating/describing sounds, and it can make the
atmosphere of the action or situation visible. In Japan, onomatopoeia is frequently used not
only for everyday conversation but also for Manga, novels, picture books, advertisements, and
product names. Manga is one of the most popular contents of Japanese culture, and many
Manga works have been translated and are enjoyed by people overseas. Onomatopoeia is a
unique and appealing feature of Japanese Manga. Diverse and highly expressive onomatopoeia
is an indispensable element for conveying a clear image of a situation to the Manga readers,
enhancing the atmosphere, and creating a sense of realism. In other words, onomatopoeia is an
essential element for the enjoyment of Japanese Manga. However, compared to Japan,
onomatopoeias are rarely used in a daily life in Western countries, as there is a strong
recognition that onomatopoeic words are to be intended for children and are mainly used by
adults when communicating with babies or toddlers. In short, it makes extremely difficult for
non-Japanese people to understand and handle Japanese onomatopoeia. Many non-Japanese
people cannot enjoy Japanese Manga in the fullest sense because they have no grounds to
understand Japanese onomatopoeia. To solve this problem, we developed the Japanese Manga
Onomatopoeia Database (J-MOD), a system that enables non-Japanese people to search the
meaning of onomatopoeia, with the purpose of supporting them to understand onomatopoeia
appropriately and enjoy Japanese Manga more deeply.

2. Classification of Onomatopoeia in Manga

We referred to seven representatives Manga works in Japan, and classified onomatopoeia
frequently used in them by elements. Onomatopoeia, which means a sound that echoes
through space or describes the situation or condition related to a space, is classified as
“Space.” This category is characterized by the expression of spatial conditions such as
expanse and density. The sound generated at the moment when objects touch each other is
classified as “Contact”. It is an onomatopoeic expression of the actual sound made by objects
touching each other, such as so-called friction sound. Onomatopoeia that describes the
movement of living things or objects, is classified as “Action.” This onomatopoeia is used to
represent the movement of objects. Onomatopoeia that expresses the state of an object or
thing at a certain time is classified as “State.” This does not mimic the actual sound, instead, it
works as sound effect to express an impression of the object’s condition. Onomatopoeia, which
is used to convey to the reader the situation or state of a scene that consists of a story in an
easy-to-understand manner is classified as “Atmosphere.” “Nature” onomatopoeia describes



sounds that seem to occur in the natural environment (when in fact no such sounds are
heard.)

3. Development of Search System

Based on a database for frequently appearing onomatopoeia with the six categories: Space,
Contact, Action, State, Atmosphere, and Nature, we devised the “Japanese Manga
Onomatopoeia Database (J-MOD).” It is an onomatopoeia database search system so that non-
Japanese people who do not know Japanese language can enjoy Manga more deeply. First,
this section describes a method that allows a user to search for the meaning of onomatopoeia
strings by inputting them by typing. The user can search for the onomatopoeia that he/she
wants to look up by inputting strings in the search box. Only when there is the meaning of
the word that the user wants to look up in the database, the meaning is displayed on the
screen. When the user does not enter any characters, or if the matched data set for the word
itself/word meaning that the user has entered, is not stored in the databases, he/ she is to
return to the initial screen of the search system, and he/she will be asked whether he/she has
another word to look up.

This section describes a method of onomatopoeia search by reverse lookup on descriptions
used in the Manga. The user can search for onomatopoeia entries actually used in Manga by
reverse lookup on the organized categories of “Space,” “Contact,” “Action,” “State,”
“Atmosphere,” and “Nature.” The user is to select one from the six categories of “Space,
Contact, Action, State, Atmosphere, and Nature” as shown in (2) in Figure 10, and then selects
a branched subcategory. All data of onomatopoeia stored in the database classified as "Living,"
upon "Contact" will be displayed. If there is an onomatopoeia that the user is interested in, on
the displayed data, he/ she can proceed to the branch step to select a specific word. In the
next step, the system checks the image database to see if there is applied data of the sample
image actually used in the Manga for the word selected by the user. If a sample image is
available, as in the method of searching by entering strings, the image will be displayed with
the word and its meaning as shown in Figure 11. If not, only the word and its meaning will be
displayed.

4. Conclusion and Future work

We focused on onomatopoeia, which plays the important role, and developed J-MOD, a
meaning retrieval system for onomatopoeia to assist non-Japanese people unfamiliar with
Japanese language to enjoy Manga more deeply. As a preliminary step to developing the
system, we referred to seven famous Japanese Manga works and extracted frequently used
onomatopoeia. In addition, by referring to the data sets and classifying them into the six
elements, we have organized the role of onomatopoeia in Manga. A future work is to improve
the database of frequently appearing onomatopoeia extracted in this study. It is expected that
the current data size is not enough for a universal understanding of onomatopoeia in Manga.
Therefore, the next goal is to further expand the genres of Manga to be referenced, to
increase the number of the extracted onomatopoeia, and to create a database that can support
users to understand onomatopoeia for any situation or pattern. In addition, it is necessary to
reconsider the search method of J-MOD designed in this paper. Another future work is to
improve the system by using a character recognition function or some other method that
allows non-Japanese people who are novice at Japanese words to easily retrieve the meaning
of onomatopoeia.
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Graph Neural Networks (GNNs) have been widely adapted to various domains, such as
social networks and drug discovery, due to the capability of capturing latent relationships
within graphs. Despite their success, GNNs face a significant challenge known as the over-
smoothing in which representations of nodes from different classes become indistinguishable
when the model's depth grows and leads to the reduction in model performance. To mitigate
over-smoothing and enhance the performance of GNNs, recent studies have framed GNNs as
discretization schemes of Ordinary Differential Equation (ODE). This approach, termed
continuous-depth models, represents each GNN propagation layer as a discrete step in the
ODE, offering improved memory efficiency and enhanced layer dynamics.

ODE:

2(0) =
Input image dEe =!?(z[t),t,8) Affine & Ouiplilt:
% Return =(T) softmax Dog/Cat

Figure 1. Example of a simple continuous-depth model for image classification task. For GNN, a graph
is constructed from the input image, and f(z(t),t,0) = %; al-]-(zj(t) —z;(t)) with a;; is the edge

weight between 2 nodes i,j; 0 is the model parameters that need to optimized.

The Kuramoto model which originally described nonlinear coupled oscillators serves as a
proxy for understanding the over-smoothing problem in GNNs. Specifically, we show that the
over-smoothing problem is identical to phase synchronization in coupled oscillators, where
nodes synchronize spontaneously with a common frequency and phase. Leveraging this
insight, we propose KuramotoGNN, a novel GNN framework encouraging GNNs to balance
information aggregation and the risk of over-smoothing:

Zi = W + KZ ai]- sin(zj - Zi)
J

We empirically demonstrate the advantages of KuramotoGNN on standard benchmarks in
node classification tasks which are CORA, Citeseer and Pubmed citation network dataset over
baseline model (GraphCON). Furthermore, KuramotoGNN also has theoretical advantages in
stability, solving exploding and vanishing gradient problems, computational complexity and
generalization when having enough data amount. Overall, this work not only presents a
promising solution to the over-smoothing problem in GNNs but also opens new directions in
exploring the GNNs with synchronization theory.



Table 1. Mean and std of classification accuracy of KuramotoGNN and GraphCON on benchmarks.

Model CORA Citeseer Pubmed
KuramotoGNN 85.18%t1.3 76.01t1.4 80.15%0.3
GraphCON 84.2+1.3 74.2+1.7 79.4+1.3

Also, as an application of GNN to a problem in life sciences, this study delves into antibody
design, a critical aspect of the immune system's defense mechanism. Antibodies, pivotal in
host protection, selectively bind to antigens, primarily relying on complementarity-
determining regions (CDRs). The CDRs is a protein complex and contain sequence of amino
acids, an amino acid in a protein complex can be represented by its type, C, atom coordinate,
and the orientation, denoted as s, x, O, respectively. Here i=1---N, and N is the number of
amino acids in the protein complex. Different Multiple Layer Perceptrons (MLPs) are used to
generate embeddings for single and pairs of amino acids. The single amino acid embedding
MLP creates vector e, The pairwise embedding MLP encodes the Euclidean distances and
dihedral angles between amino acid i and j to feature vectors z, Similarly, embedding vectors
h; are created from ¢, and z; The encoder consists of a stack of following equations (attention
layer) to capture relationships between amino acids and provide high-level representations:

N N N
— 1 — —
h:—ZW”*V(hI), Z;—ZWU*U(ZL']'), x;—ZW”*V(x]')
j=1 j=1 j=1

Where w;; = softmaxZ ({q(h), k(hj)) + f(z5) + 9(x)) is the attention weight between
residues 7 and j. It has been observed that w; creates smoothing effect and it is inadequate for
heterophilic structures, where closely located amino acids often exhibit different types. In
response, we introduce a modification based on p-Laplacian Regularization and enable the
control of smoothness by the choice of p, addressing the heterophily problem:

M=

N N
h; = 2”’15 — R wy vk, zi= ) lza—zgl” wy e v(zg), X = lexi —x|" iy« v(x)
j=1 j=1

J

1l
-

Table 2. Evaluation of the generated antibody CDRs. Metrics for assessing designed antibodies
include RMSD (Root-Mean-Square Deviation): Measures C, deviation between generated and
original structures with aligned antibody frameworks;, AAR (Amino Acid Recovery Rate):
Quantifies recovery rate by sequence identity between reference and generated CDR.

CDR Method AART RMSD! CDR Method AART RMSD!
H1 DiffAb (baseline)  65.75%  1.188A L1 DiffAb (baseline)  56.67%  1.388A
DiffAb+Lap (ours)  68.05% 1.109A DiffAb+Lap (ours) 58.22% 1.242A
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1. Introduction

In a world consecutively interconnected by globalization, the exchange of goods, services,
and knowledge has become integral to national development, which provokes knowledge
spillovers. International trade has been empirically revealed as a driver of economic growth
in the relationship between the Total Factor Productivity (TFP) and R&D spillovers.
Similarly, the worldwide student movement contributes to productivity growth in a situation
where the number of international students has increased. This thesis aims to empirically
analyze this phenomenon, drawing inspiration mainly from inspired by articles (Park, 2004;
Le, 2010; Dall’agnol, Ferraz, Costa, Moralles, &Rebelatto, 2019).

Among this thesis are three significance to the student-embodied knowledge spillover
study. First, this is a presumably initial analysis of the R&D spillovers from international
student exchange in each trade type: inter-industry trade and horizontal/vertical intra-
industry trade. Besides, the new timescale, 2016-2022, allows the thesis to delve into the
impact of COVID-19. Thirdly, the microlevel analysis, investigating the contribution to the
TFP growth in one country to another base, is conducted probably for the first time in the
appendix.

The results clarify the superiority of vertical trade and the two different types of brain
drain between developed and non-developed countries. Comparing analysis before and after
the COVID-19 pandemic, moreover, discloses the blocking effect of the pandemic on
knowledge spillovers.

2. Results and Discussion

Using weighted scores for the expression of the student-embodied foreign R&D, empirical
analysis is conducted by data among 42 OECD countries in 2016-2022. The findings are
summarized below.

2.1. The influence of student trade style

Student flows by inter-industry trade facilitate productivity growth more than that of intra-
industry trade, and the student flows in horizontal-intra industry damage the growth of TFP;
vertical-intra-industry trades are empirically insignificant. Student flows in inter-industry
trade contain a complex relation with domestic R&D. The pure figure of foreign R&D capital
works positively, but the opposite in the interaction term with domestic R&D. This relation

can be remarked as brain drain, which impacts heavier in developed countries.
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2.2. Developed countries and non-developed countries

For a country, sending and accepting students affects differently. Whether sending students
to developed countries or non-developed countries need not be considered. The student-
embodied foreign R&D capital stock from both countries is not associated with productivity.
On the contrary, whether the country is a developed country or not matters. In developed
countries, not related to foreign R&D, how much of ratio population goes abroad explains the
productivity in that the more people study abroad, the less productivity is marked. Non-
developed countries benefit from foreign R&D, but the interaction term with domestic R&D
damages the TFP growth. Each negative impact might be a different type of brain drain.
2.3. Brain drain

The observed negative effects on productivity can be explained as the brain drain. The two
types of brain drain are admitted in the results. The first brain drain is the “simple brain
drain”, which is seen in developed countries. Not related to domestic R&D, this brain drain
comes from the ratio of the outbound students to the total population, meaning that
productivity gets worse when many people study abroad. The second brain drain is the
“complex brain drain” observed in non-developed countries and foreign R&D from inter-
industry trade, related to domestic R&D. The more domestic R&D is accumulated, the more
knowledge citizens acquire in a country, which facilitates them to study abroad. Since most
top education institutions tend to be in developed countries, which promotes them to think of
studying abroad, consequently, the highly educated people gather in developed countries and
contribute not only to the origin country but also to others in terms of productivity in some
way. This phenomenon might facilitate the overconcentration of knowledge in developed
countries.
2.4. The COVID-19 pandemic impacts

It can be said that the COVID-19 pandemic prevents society from receiving the impact of
the past R&D investment and international student movement. Due to the pandemic, the
analysis cannot track the aftermath that should have been confirmed. Not only the variables
related to student-embodied foreign R&D capital stock, but also other variables are not
empirically significant after the pandemic occurrence.
3. Conclusion

This thesis illustrates the impact of the knowledge spillovers from student movement
empirically, and the outcomes can be utilized in real life, especially in policy. By clarifying
the position a country is categorized in and predicting the brain drain impact to achieve the
growth of domestic productivity in terms of the international student movement, countries
can presumably minimize the negative impact of brain drain and maximize domestic R&D
impact. The estimated impact in each category is summarized in the table in the thesis,
helpful for the process hopefully.
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ABSTRACT

In recent years, a remarkable trend has emerged, wherein researchers pursue the dual path
of publishing papers and acquiring patents. This phenomenon amalgamates the academic and
commercial dimensions of scientific discovery, presenting a unique opportunity for harnessing
the commercial value of research. This phenomenon aligns closely with what Stokes (1997)
refers to as “Pasteur's quadrant,” where scientific research simultaneously serves the purposes
of fundamental understanding and practical application. Patent-Paper Pairs (PPPs) are formed
when a scientific discovery or invention described in a published research paper is at the
same time granted as patent, thus indicating the convergence of scientific and technical
concepts. By analyzing the overlap between scientific research and innovation, researchers
could better understand the factors that drive technological progress and the role of scientific
knowledge in that process.

Until now, a number of methodologies have been introduced to identify the academic
publication and patent pairs which both stemmed from the same scientific discovery. These
approaches have primarily focused on the biotechnology domain, and include manual pairing
methods used by Ducor (2000), Murray (2002), Murray and Stern (2007), and Martelli and
Remo (2019). In biotechnology, Magerman et al. (2015) proposed text-mining algorithms to
perform the automated pairing process, while Lissoni et al. (2013) initiated a semi-automated
data-mining approach, which focuses on a set of Italian academic inventors and then extended
it to 7 European countries (Lissoni et al., 2020). So far, the construction of PPPs has been
impeded by common challenges, including the significant amount of time required to perform
the matching process, as well as being narrowly tailored to limited scientific fields. These
obstacles have hindered the applicability to more diverse areas of research, the
generalizability of their findings, and made it difficult for researchers to establish a
comprehensive understanding of the interactions between concomitant scientific research and

patenting.
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Therefore, this thesis proposes a new method for matching patents with academic
publications to create patent-paper pairs (PPPs). These pairs can identify instances where a
research result is both applied in a patent and published in a paper. The study focuses on a
sample of top 14 research-intensive universities and 3 laboratories in Japan, utilizing a new
dataset that contains patent-to-article citations and a machine learning model as part of the
matching process. Using patent (USPTO) and publication data (OpenAlex) between 1998 and
2018, we built a dataset of 3,177 PPPs out of 7,766 granted patents and 91,213 publications. The
results demonstrate that this phenomenon is widespread in academia and our data show the
diversity of the academic disciplines and technical field involved, highlighting the intricate
connections between scientific and technical concepts and communities. On the
methodological side, we documented in-depth complementary validation techniques to
enhance the precision and reliability of our matching algorithm. A notable contribution of this
thesis is the development of a new scoring system for PPPs which is believed to capture the
most critical information for each pair. The scoring criteria includes: (1) time condition, (2)
overlapping inventor score, (3) semantic similarity (4) overlapping word score, and (5)
overlapping citation score. To the best of our knowledge, no prior study has utilized the
citation overlap score for patent-paper matching evaluation. Our new machine learning model
achieved an impressive accuracy of 82%. When comparing with prior methods in the
literature proposed by Lissoni et al. (2013) and Magerman et al. (2015), our prediction model
performed better in all three evaluation scores: Precision, Recall and F1 score. Using open-
source data, our methodology is adaptable to diverse national contexts and can be readily

adopted by other research teams investigating similar topics.

Keywords: Patent-Paper Pairs; Methodology; Matching algorithm; Academic patent; Japan
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Scheme 1 Synthetic route to AzBzCl: (i) MeOH, SOCIl,, reflux, 17 h, 99 %, (ii) NBS, AIBN, benzene,
reflux, 16 h, 30 %, (iii) NaN,, DMF, reflux, 3 h, 98 %, (iv) KOH, H,O, MeOH, reflux, 3 h, quant., and v)
SOCL, reflux, 1 h, quant..
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EHTAABANVEVBEMHLZbOO, ZOETIIBWTCEARIIHED S 3K - 72,
XSS OREEWE LTHELANN- VI Z7unFdF I Ly L7 OBRELHETHY, ZEk
T R—NVFERE FHETHESL L IIBMO THETH 572 7272, TD X9 GBS SEID
METDOK, 35- VAFNEZREFBRI» O S5BBORISZRH L THHBAEK L7225-EAT I FAF
VERBEM 7 1Y) F (AzBzCl, Scheme 1) 2% Gos DILFBHICHD THHATH Y. CORP/FHF
kA EZ VDI L TGos D FuF Y2 ETI AT VREFICTHLABIicEb2 L, &5
W3 S N7z Gos FBEARDPBIPCTRETH S Z L 2RI WZT T LRI L7z,

TV NIRRT VR VHEEARE Ca 2l LCERIRICEM S EL I ENTE, Zh

FEE 7Yy 27 IAMY)—] LLTILAOGNRT WS, D% )ik L7z GosAz,lEH 74 % #%
BEMEZE 2B A L7 Gos 8RN E BT 5700 EEREPHA L LTHRIEST 2 2 LT E
%o EBIAMETIIRBTVF Y 2HTSH527 b—2 (Lac) FEATHL 70090 F V5 7 b
YREZY I AMNY=ITEDY oy o on
JUES42% 2 ETy 125850 Lac 7 MOROﬁy‘&P_k SR R o N
K% § % Gos i#i Ak (GosLacy) "y Y L L™ b_{ ] e 3}_«;
NEERT AL ICRILE W2 e e e I
(Scheme 2), % 5 1172 GosLac,,iZ
MOTRKELDTEZAELTVWAT: Scheme 2 Synthetic route to GosLac,;: (i) AzBzCl, Et;N,
B, B MWCO03500) I THES THF, rt, 19 h, 38%, and (ii) propargyl lactoside, CuSO,,
IR 2 2 L AT RETH o 70 ascorbic acid, DMF, rt, 94 h, 47%.
[4FMERET] BTSSR L 72 FIIC TR S 7z GosLac i oW T, F 3 IR o A 32 1t
THRERFM L2 BAMH L 2T TOWRWVWNN-YAFVELVLAT I F (DMF) £
Gos B & U GosLac,,Z Wi (0.3 uM) ([CEM &, BEaRh CREMRMICTIE Lz, 22 Tt
& LTDMF # W=D id Gos B & U GosLac, 2 — 2D RRETHEMRIE L2 0THY (I :
KB ETIE Gos ZHEMREELILENTELRY), BUKE VDI L 25 @2WHI L. &
FBRE LD BOARETNT 572D THb. ZDLHIZLTHOLNAZERD UV-vis AT T
VellE L2 A, BEEHEB (700 ~ 600 nm) ORX—Z2 54 Vg AR EBLEINTIZE
TDFETHole THOILIFBEWTIZB VT Gos B & GosLac,EEET. T LRIV TH
—HRLTVWAEZEEZRL TV, KIS, MUEREZHCTHILARZ PVHEZITo728 2
5. Gos L DHNEA N Y PVIZZ DOIREEDRE R & HITKE K hoTwo s HHEANXS b
WVDREER Y 7 F VALED D OREICKREMIFTH2I L E2EZ DL, COHBARY FIVE
ALIZHER] & 3612 Gos DG THEEAZBALL TWAHR I L ZRLTWD (ABICLDHEEARY P VE
ALIZHTR D UV-vis AXRZ PVIZE D BETE ), LiLOREN S, BALSHOENE RS 7
=Wt Fad Y ERETT AT VRIS TRE S N7 GosLac 3B HEIC X L0 %
ZT V72D, BERPICTREICHFAETE LI LIRS NI,

WKIZ GosLac,,D KD EIRYE %2 §Hili L 720 Gos B & O GosLac,,\2xf LCTH ¥ IV THRED
A+ v RZMA, BEBELIHET L E TRRBISHER ISz, Wit 7VIITHETRY 23D 5
CLEEMER LD, YV I T AN =T EZRET 52 LT, B—RafEl & i
L7ze SOEHNICLTHOLNBIRZBELIEZ A, Gos
B EAEHTH D, Gos &L KIZHEIT TR WnwZ &
AR ENTz —F T GosLac, H i L 7= KB IRV
ft 2 LCTBY, KHIZ GosLac, 3 iREICHM L TWAS
CEAIRENTz, UVavis AXRZ PIVOIREN S, DB
2B % GosLac,DiEJE13412 mM TH 5 Z L5 0 -
2o BFENFBICE DAV RA—Y g VN BTS2
Z A, GosLac,lZ81F % Gos ST BALEORN 7 9 A & —
WEBIZEBE LN THEAELTEBY (Fig. 1). 128 GosLac,,®
K EOBBHEEZ ONL, 5HIILVZF VIHT S
BUAITE R K T L2 o6) -3 2 B RPN &) R AT D W T B FFAl L.
LSEOFERLIIZ3HIZTFESISNTW S HALEESE1045 Fig. 1. The most stable conformation of
BAERICTRETLTFETDH Do GosLacy, during the molecular dynamics

calculation.
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CCEEME R E 2 )
#n ZPEILIC K 25~ A A AL VD
HREZAL

TAaEHE B
AR SRR 4924 48 No. 1920200090

T ok B 3

(&= - B#Y)

HERTR IR AL IZPE > CEMNOFEEY R EA L TB Y. EROBIER T E I EKE THER
LCTwb, BHYE L IRIRZ WA RBEICHEKIEIETE LW L THEL LA RIEROBHRTD
%o M2 DHKITFHERFICBOWTRRS LA LTH., TREETRED LA X - TEE RS
LR D > T 720, HRiiiE— IRz TwSE, LHAL, BuKineiE,. 2
WA b5 2 ERE RERBEEALAAET 5 L. FRIRA OIS HICE DT FEROBDSE
M 2IREBL 252 L THRIREEZIET 5, TIE. FARPBZICENLZ L., T4bL BRI
(Heat acclimation; HA) SBAHEDOR K E LTHEMTH L EEZ LN TWE, BENILIZE {
9 I E LT, ()BITBEDZEAL. CIF DM D24k, (3)52)F & Lk O Bl s 51k D %
1t. WPEBRIMEEOHMAAMONT VDL, TOERIIRLEAHLEN DL Ko Twb,

TG, GEROHRE /BERob T BEEEL RELZT L2 LPMONTEY ., HEEZHE
ELTOREDMICHWMERE L LTOREZAELTVLI L9 0>TWh, FHEHD» LW E
NBEY VNIRRT F VIR LTIA T AL Y EERTEBY, EF), B, XELR EOH]
WIS L CTHWERTE2 A4 A4 UM E N L TEG 20, BENERE /B EHz i
ETAHILILEoT, BEHDERAF ATV RAIHETLEEZZONT WS, RilE. AEET
. BB HIKRAEWICRBEIME NS~ A4+ 74 ~ & LTCC motif chemokine ligand 5
(CCL5) Z & L7z CCLOXZIETM~DREMMEEZRH T2 €L Y O—FTHD,
BB EHINC X o THE 25 Ok s N b,

VoA 2s, BHMLICES 70 AIZBWTH A+ h A4 Y o5W7Ta7 7 4 V4L
L. 43042y b7 =27 ORI & o TEHOLRE / ges DB E»E2L3 2 Witk ik
THICEZONSE, LAL, BRMLD X 5 @M% Lz~ A+ h A4 VR 5 4
HiMdTh v, 2 TARIFETIE. 7 A2 MO TEIELIKGERN 2~ A T H 4 v OBEE
LM+ srZ 2 HKWE LT,

(=B %]
- 2E{LET IVIER

~ 7 A (C57BL6N, & M) 122 (45°C, 30% /day) # 28M5 2. 3 HIZ1 MR
WEZAT o 720 mIEDOEMERED O 24RO PR 2 5 2 72815 L. Bl # (Tibialis
anterior; TA). EW##5 (Extensor digitorum longue; EDL). KBRPUBEM (Quadriceps femoris;
Quad). & J Afi (Soleus; SOL) ZW Y L 72o MhEEZME L7, real-time PCR % W T
BARFRBURNT 2175 72,

- A2 EER

BN LA 2N BBIS KIS 2 5 BBIOVTHRSE 720, 2BEOBBIL %2 7> 7277 A
WCEPEBE (45C, 1HRH) 252, BRI 21T -7, HEREZWE L7, real-time PCR
Z N CTRIZ T IR 217 - 726
[#ER - ZE]

9, BHNLEBRZITICH ) 7 ZBBNLE T MER 21T - 720 7 A28 #%

— 170 —



2WM G R HEE, <7 AOKRBERIAZT WML (Fig2)o 720 HULL 28O &EIETFI
B aziro 2R RNBHEMMICKRET S Cox2B8aTORERYWMPERI N
(Fig3)o VL EDOHREI Y, ChEBHAELLETVE LTHRE LT, BRBHAEZEZ /2T 20D
EDL IZBWT., Hspala BInFOE BB LAIMHR I N, ZOMOBH HIZBNTH LTI
BB MMM ASH SN 7z Hspala 81%F 13 HSP70 (Heat shock protein 70) #2— FLTH
D, THIEDFTrXayE LTHRELBRA ML AL > THESN Y VN2 E2 BT 5
CEICX o THIMOREIZHFE L TWD, Moz &b, BEJEILIC X - T Hspala BinT5
B ARUDPEFEIZHML. RIS E > TERTHGOBEME L NV 3 2 iR Eh
720 WIT. BVEBELAMIFICBT 5 BANLOREIIOWTIHINT 5720, BWBEBKLOT Y 2
TN 2 O CEIZ T RN 21T o 720 MEBENE 21T - 28R, BB E 52737 20
Quad CBWTHELRHBK TR SN, BMBHCI ) HICHELZHERTAR O
720 BREMIEHIT0% 25K TH D HBNIMIKEDO KRG ZEHEATWD 72D RORE 2 R
EWNHoTWD, L7eAoT, BHBRICI > THARREE o722 EI2X o TAM L RIK
THELEEZ DN,

ETOHRIZBWT Hspala BIZTHRBAIBWEBHICL D AETHWML 725, HABRTEZIO
Hspala BT ORBBMAIH SN Z EHBW S0 o7 (Figd)o T4bb, BHIFILIZ
BMBBICL DY 3 v ZINE RN AR RIE SNz, S 5120 TA ITB W TE AR
WEoTRBEMMSNE <A F 54 ¥ CCLAIZD W T BEEIL D 52 % AT L 7= 85455, CCL5#
T ORBPEZEMBHC I > THREIZHRD LA, BRI LZ) 2 LT, ZoatB 8kl
)72 CCLOIRA 28 SR S a2/ 57 (Figh)o Zh ¥ Tlliirh CCLAD A . 4
BEPRIEDOHMIIIT Y P — VT 5T EHARBINTEY ., BHMLIC X % CCLoA R 1X
BHNCL HZRIEZ T 2 X 03D 5 WRENENEZ 5N b,

Vb, AWECid. BHJEMICE Y CCLAOBIEVELT 22 L Z2H LN Lz, 5%, L
L 7= 288 LE 7V & W TEEBIELIC X 2585 Hk CCLOZR IR DA PN EFR 2 ] 5 2
LTw & ey, BEMULSED X 5 IZHKHO CCLOBIHBA 5 &R T o0, HEME
REMCIRT 2T o> T E 2w, 20 AIEHR? O, BRMLON, A3 —H—-L LT~
AFHhA VBEHTHAWELEAIRBIN2720, BRI X > TERELT A4 H A ~
DR L. XD IEFEICBBINAL 2K E TE 2 HM 2L L TwE2v,

40+ TA
ctrl 3c 8 2 .
2 i %.F..—r#é:—-'_—i é ~
HA HA:45°C, 30 min/day R";ﬂ:” § " . 5'5 b
P Heat - HA gE *
+Heat 23°c 49? !‘g
oot ¢ 5 10 15 E =
“':: " HA:45°C, 30 min/day 4;5;1 Deys o p s
Day 0 14 15 n=5-17, *: p<0.05, **: p<0.001 (e5.6, % p<0.06
Figl EBsMt Fig2 18YB#IC X 2 kEEL Fig3 BMEHICLS
Cox-2815 T3 BEAL
TA EDL TA EDL
! —d &
H § i 5
i i5,
HA = b + M M u'pu + +
Heat - a + + Heat + +
n=5-6, ™" p<0.001 n=3-8, **: p<0.001 n=5-6, *: p<0.05, **: p<0.01 n=3-6
Figd BHIEILIC X 5 Hspala EinF5BI21L Figh BHIEALIZ X 5 Hspala EixFIBIZ4L
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CCEEME R E 2 )
s WA EN7 T Y7 EIENEEROMBIEN &
H A8 Y

FAEHH MHEEER
ARSI AREAER 7 P9 A 2V 2AHE 44 24ENe 1611200047

NN N (R

[F= - B8V

HARTE I W &R Z VTR, . Koo N2 HRDEHKW 7V 2 — VEEC
HY. ABEONOAEAHAEE Y THRMEINSZ LA, DNA ¥Y—27 Y ATIEH
Al ) HTE L DMEWDHFAIHERINT VS, ZOHTULTAN LD DO, FOHKNEA
DHDRENENTZ T T ENFATYS, RBIHEED? S Kocuria TGY1120-3& TGY1127-2, H
AMEBIRE)E 2 & Bacillus A-10& Priestia B-12235 B S 7z WAt & Kocuria # W T &N
72707 EIEHEE O E/ERPNHRBEORRLE N ICH 2 5EIMIEINTE R, E512,
Kocurza TGY1127- 2% ZDON 7 F ) THHERB L2 WHIOWEO HARBEE D THRML2E A,

EHRESHI TALAH3IADIENS E N7 70 7RO HAREDO FABW L WERE L, HABEREEIZ
E&?& CEBAL LT 75‘7}975‘0 720 SOE)BMEZAH LT -0KbVWOHARNZE 572
D, WAENT T TN E 5588 % 3 O XRHT L8 3H 5. AWFFETIX. Bacillus A-10
¥k. Priestia B-121‘5k7§§EIZIK‘?E0)”}K IHRBWEERRLILEHWE L.
(%1% - k]
1. 7 MffbT

A-10¥k & B-128k® 7 2 1%, Nanopore (PromethION X5; Oxford, UK) & Illumina (MiSeq;
San Diego, CA, USA) ® DNA ¥ —4 Y —ZHWTRE Lo M TV Y FTEYTY—iF
Trycycler version 0.5.3% H\TAT o 72 lEBRIENT I Circlator Z HW T T o720 A VI F T a—
b — F= v ¥ ¥ 71X Burrows-Wheeler Aligner (BWA) /N— 3 3 Y0712 W Tirw, =
5 —51E & Pilon 23— ¥ 3 v 1.23% WA - 72,
2. WMEMON;E

i X5 2813 TGY X 12 3% M B BF K901, K1401. K1801. AK25: Eff & 327 57V 7 A-10%k.
B-120k 2 8#E L. 25C CL2ME MR & 9§82 1T - 726

oY ba— & LTH20g & K200mL. Hi%; 2 L 723 W5 B K901 (6.43x 10" cells/mL).
K1401 (1.79%10° cells/mL). K1801 (2.10%x10° cells/mL). AK25 (4.11x10° cells/mL) 1 mL
ZRAE L7, HFEL LCay bu—VRBRICHE. K, HEBHZRELZE ZAICHREL:
Bt & A-108k (1.01x10° cells/mL). B-128f (219x10° cells/mL) &H 5% 1 mL F 7213
Z4 1mL#iM L7z, &R 214°C Cl4H MERER 8 U7z, Brgsvhis HBERRE % 45 3 Il L.
U 2 RERM S L7z REEf TR ISR R ZEIE (TS-5000Z) ZHWT 4 MR LA Z
10720 FONIHIZEERT LI E L. B EANZ 79U 7MY ¥ 7V oJEfinr o a
Y= VORHEME T IWIAEE RN E N T T OIS AEBE LTY T 7 2K L?’_o

METRMIZRY 7 vy 272w, WMELBEOEALNNY — v 2K T 572012,
Kolmogorov Sm1rn0v WMEZRAT > 720 Bl HTHEEEREZ H V‘Ta_o 72 H AT 5] O VR D 58 BE O 38
Z W9 5 72012 Bartlett MREIZ & - THSBMZ MR L. 280 (ANOVA) Z2EL. FE
7 (p <005) 2: ol 7z n—_%ﬁﬂz%ﬁawt«\wm' X B ERAT - 720
[#5R]
1. %7 2%

A-10FRB L O B120kD 47 7 AEHIB L N8 DD a v 5 4 FHfE Sz, rRNA 2 — Fi#ifs T
t;: EOREYN~Y —h —BIE T2 5. A-108R\E Bacillus safensis. B-128k1 Priestia megaterium

WETAZERHLNE T2 TIAI FIIBRI SN o720
2. FEIELEBEOEAL

PERE OB Y =V IENENZ TV TORMAEIZLSFTHEMBL Tz, KOLZMEH L
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72HARME ., K901% i U Bacillus A-10& Priestia B-12% MM L 72 H ARIEOBEEDEAL/S T —
CHTORAEERE (p<005) MM ENT, AKBZHH L72HAMBE Y ~D Kocuria
TGYL1272D%F I X AL 13 o> Tz,

3. B4 X Bacillus & Priestia ® HARHOWRIZ B 139 5%

Bacillus A-10& Priestia B-12OBRIC RITTEBIZOWTIZ, WBEOa Y bu— L0
AL ARG +1OHBTH Y. Kocuria MOYGHE LB L TN LB TH > 720 £DH
TIH B RE K902 Bacillus A-109%:01 & Bacillus A-IO‘ Priestia B-12% [WRFRMIT. BEWRAS - 1
Y RELMEF Lze CORHEIE. KOOI HMEEFE & Bacillus A-108 X O Priestia B-12% 3 L
72 K1 DR DRIREAL N Y — U HBHBICER o T2 —HL T a,

AAREEIEOERAMNE N7 T 7 2I3E LNV TRL S05, HARBEE D NORIMNC L HKIC
BT BIIHBLTEB Y. Bacillus A-10& Priestia B-120 H ARTEDORANDREDZEIZR 5T
W7z, LA L. EHEEEEE K901 DK & 3 RAIIHIZ D W C Bacillus A-1043M1. Priestia B-1270
TR IEAS T OZALDS A S, (iFilEEERE K901 Bacillus A-10& Priestia B-12TH 7 5 HAE
)EH %ZT_\‘ LfCo

Saltiness : ——— Astringent stimulation - — Siiireis =

S —1

" Dnum—mq:mam‘:""':‘:' e g — g D:'E":EIDGDUDIEDDD
T wior | ms | oo | wwn §= K1801 = AK25 = K901 = K1401 g i e P ik

i, —T=——r— 5. i
B12 E — T 812 'E =.w=l“u——~ﬂmnc1:|gun B2 g | geempmame=—=——"
é K1801  AK25 K801 | K1401 2:. K1801 | AK2S & K901 = Ki401 g:; K1801 | AKZS | KDO1 | K1401
P— EEDDEE’__UDDUE" o A10+B-12 — A10+B-12 Ujumm[-[llmuuu
. ' K1801 = AK2S | KOO1 = Kidoi T kot | axes Pkeor | kaaon

K1801  AK2S K901 K1401

(%]

TGY1120- 3 #k& TGY1127- 2251, W—D 5 Y ARF—¥a—FVlEfzT2#2—-FT5
FOPOTIAI PP EIN-ZEh6. Bk 28 & Kocuria W TOBIETEHROKFHERH
i K AR I N8, At X Bacillus A-108k & Priestia B-12KRD 7 ) 50261375 A 3 FAMH
ENBholze Bt & Kocuria (384 & Bacillus A-100kB & O Priestia B-12kk & Y DA S
PEEINTBEY, HARBEBEERBEOEWICE DVEMNENTZ TY TOF ) AL 2 2 0 REPE D
R iz,

PEREDEALNR Y — VIIEMNEN 7TV TZ2HRMLTO AR LRZBIRON o720 2D
DFERHD S Bacillus A-10. Priestia B-1213 4 I U 7-15 BB O = 5 J — V8RR A BRI i 2
EHEL o722 2R LTW5h, Bacillus A-10& Priestia B-123H AR FEOMIZ T3 5202
REM T, Kocuria BMOYGE LW L TNSREBTH 722 L h 5. Wl & Kocuria H3
£} & Bacillus R Priestia £ ) DIEWEEN L OMBEAEHAP BN L ZRIBL TS, HHEEH
K91Z W= HARBE TN E N7 70 7 ORETHARBEOWRIZLIZTHEN R o TV
D, HARBEOWZ FH A V357D 3EMN & N7 79 7 EiHHEBEHOMASDEZZET 50
ERDHDHEEZEZOND, HABREEP OEMNENZ 7V 7 258 REE L. EHEER & O BT
DOREZHEDDLVLERDH DL, SO, BN ENZ TV T E2HARTRIMLGAEEENE N2 7
7 2k EFRIN L2258 CTEILDIER R o T2 2o, B XA 75 7HOMESEH
AT > TWVB U RENED D 56

ER=X5)

FAOHWIZ, HARBEZY)IOENEANAZ T T72FH L., HEEREENE N2 7Y 7 OMHHE
ERIZE 5T, HARBOKRRPLEKRZI Y ba—V L, FHAL v 352 &, MA2 Rl ST X
NZ2F)TEIELT, ZOE2ZHONCTEUEND L. BIEMERETHRA LTV L EN X
NZTFIVTIRARTHY. 12Dk 558 L7z Kocuria TGY1120-3& TGY1127-20 2 ¥k D
BT RETLTwS,

AWFZETIX, RSN T AAKREREE O X Bacillus A-108k & Priestia B-12M D488 %
MO L7 F720 B ENZ 7Y 7THARBORICKIZTTHEDOENZ ERMIZHL ML
720 WHEERE AK25, K1401. K1801%2 H W CTHLE L2 HARWIZB W T, i & A-10& B-121%.
BRERE DB N7 — V RIEFICHP L T2 o0, KI01Z2MHH L7z HAME TR L XL o
WAL NIz, WATENTZ TV TOEMNEZEIET 572012, EOR5EBMNENT T T7TOIUE
R DS ETH B,
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CCEEME R E 2 )
#En R ETFICE T 58 & R
DM (BWEZE)

EhHE REFLOE
AR AREAAR AR —y - ki s s 4924 4N 1C12200027

P/ NS

(&= - BW)

ZUETA) = FOREME~NOBELZELAEH TV 2 RETW5SH, 20074 121X American
College of Sports Medicine {2& 1) [T 2V — b O=ZF#] SRBEI Nz, S HITEE, &K
TEEERTOHRZ., B, TAVF—ARIZOWTIZHAOFREE Y, BA ok omat
ENTwb, —hT K7 AV — MSBU 5 = ERGEHE H DAL o AL 22 As o JEiE ) 7 7 —
Fi3A v PlZIE. RPEZF-REBERE LEFICBWTS, BMEHE (NEZ0 Y, Bk
66 TIBC. Mi{E 7 =V F v, fRARMERE) T L C3EEMEROBECL TS —H T, &
FLD, EEHEE ML 2WHELED 5. F2 T ARICBWTRFAEL T EFMRE BT
MR L L. AR RERFT 2 EitiT 250 CHE L 2 2 4L MATH, RERK L EEHRL
DHEZHOLNMITHIEZHME L7,

(5]

ABFZEIIHE R RPN ZE R B X ORRZ f THEMS 7z (TU-2021-019)

202347 H FA). R TREEERE LRTF2B3HAZMAENGH L L. AR, RE2EBRO
MHEMA24H H B £ O EHRAEZ TV, FMEOMAEIED S A FRAICB T 2 R EHRMHEA &
R MO RN T 2 L7
[#ER]

ST E MR EEE L OMBBRICBW T, HERIEHE RO SN, REEHE
DHLHEAEIL 8 ~ 20mg/dL TH V. AHEATHESAR VG EIRKER ML R T MR D -
7z (R2=0.676)

MiiH AST & CK & OMBBRIZB W TIZ, MWHREZIEOHBESRD bz, HEIZEIT S
2VT7FrFF—E (CK) OK#EAE (40-150U/L) TH Y. FHAREHICBIFLCKOTVLA Z
AL Y M TH5H300U/L %2 EM ZPEEHICBWTIZ AST b EMEZ /R~ 3THEINICH Y. CK X EEH
HXTH 2 LRIz,

a-ba7zu— VEREEIMP 7 VT F 2 LOMBBERICBVTIE, BiEhwrAOMHE
PBOOLNT a-bIA7x208—=VD1HBH2Y)DOHEZETH 550mg DL LI L 728551200 7
L7 F VIREZEEMENICD ) 250 bR BEINIRBD SN, a-F 327 20— VEIEDIS W
BEMHPDOZ VT F VIREMET T2 XYoL RoT
€29

KPR LRTICBT A b A R BFRAICI D KRR RT3 H IS
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AECEOBAMERAHME LD BBV LRLVTCHPRTWEEEZ ONS, F/2, a-+ 32
7xu—Ve 7 LT7FYOMBBRIIBVTIE, a-F a7 zu0— VEERSVIETEmF 7 L
TF VIREIMKL BB T LRI NIz, T LT, BAE S EREREORETH 205, 4N
DIFERT G Z IR AL DSFEHEEN T, REBRBII R L HAMMNIz, L L, e A
 (TP) DHEEMENTH > THMBAREREFAR LTV LIEEEZZZTT XY — MO
7= il T 5 LEERH L LEZ D,

(¥R

FFEATHRELI00km DL Lo - RHigEkE LRFICBVTIE [HARAOEHEIIEHE ] ol
ANF— DR (BAREELXVI) &% TH52300kcal DEFRETHH->TD, —HOERFIC
BOTRBHABHBEICE S TuRwEw) WS LR otz ATERRESHIC, KEH
HoOME2 S, HIEGONEZEZ LA, 2 I VRIATINV LR EOMBRELRZ AL SES
CELTUEDRALNDL Z EDHELE IR,

€ iE)

ARIFFEDFITITH 720 TEB Y F LA R— B4R KHE 7482, s
. % O IR EFMREZE O, T 7z72v 7z B B2 R BRI o8 RIS
L EFEd,

R?=0.747+*

0 10 20 30 40 50 60 70
AST(U/L)

1. AT REMRFICE T 5EREITERE MPRFEFROHERE
(CEREEITIER A 100km B EDZE, 22NV EORLERTIEETH I RRERIIELEEEZ LR - 1.)

30 (n=20)
% 20 : = . .:
B T .,
\g 15 :
- - R? =0.676**
#
1 5
0
0 20 40 60 80 100 120 140 160
5B RSl FE 17 BE Bl (km)

X2. XFRIEBEFICH(TBIMF AST & CK DO1EE
(CK (3 AST LIEHEEICH oo TN, BREEITHERICICC TRRERV LR T B EFTREI W)
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CCEEME R E 2 )
SO A7 FEDEEEES X OV L-DOPA 23
BY-5-9~ % H B EEAL iR 0 D B

FAHE M
AHERA R ER 474 SN 1C20200077

2NN

(&= - H1Y)

A7 FGIE [RVXRy PE—Y (Velvet Bean) | & LTHILENTEBYH, HRTIE [TAHAE] &
MHEN B < AR TH 5o FFME LT, N—F vV VREHELE LT SR D F—283 Y OR)j
X TdH 5 LDOPA 3% &ENTHBY., ZORIE3I~9 % LIHITE WV, A7 FU DR
& LT Pk, pulinhs. MR, PiNCHEMNZ S G SN T0E25 Ih b DR TIE,
EA IS TR % LDOPA IZEH L72NE D% . MomIZE H L2FEis 2 Ly o s
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CRIEMSIR T2 H])
#CmH FluentCard: A ChatGPT-Powered Flashcard
Application for Vocabulary Learning
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TEHOIEESEE HHOEEEAR 4224 225ENo 1710201005
TRAN XUAN ANH

Background: Vocabulary is one if not the most important aspect when it comes to learning a
language, as vocabulary directly affects a learner’s reading, writing, listening, and speaking skills. In
the beginning stage, the amount of vocabulary is small, and the meanings are easy to understand.
However, when a learner reaches intermediate to advanced level, the number of words to study
becomes larger, and the meanings become more difficult to understand correctly: One word can have
many meanings that can be abstract, complex, and change depending on different communication
scenarios and cultural contexts. Flashcard applications have been used widely for not only
memorizing vocabulary but also studying knowledge in literature, medicine, and more. Flashcard is
a method that divides the knowledge into small pieces, then utilizes active recall testing and spaced
repetition to help learners memorize the knowledge.

Objective: Despite being a popular method for vocabulary as well as language study, traditional
flashcards still show several drawbacks

e Using flashcards to learn vocabulary takes the words out of context.

e Flashcard applications promote memorizing rather than understanding.

e Learning with flashcards is a static method, and studying with flashcard applications can cause

a lack of engagement.

In this work, by utilizing AI technology, we seek to overcome the disadvantage of flashcard
applications and create a more dynamic, context-based, and interactive method for vocabulary
learning by the FluentCard system.
Contribution: To demonstrate the proposed
idea, in this research, we created the
“FluentCard” system, a Japanese
vocabulary learning web application. [FLUENTCARD |

Instead of the traditional method of __-
recalling the written information on the

word in the card to foster the user's
understanding of the context of the
language. The application also provides
feedback for each user’s answer. In
addition, FluentCard provides
conversations practice based on provided
real-life scenarios and a built-in dictionary
system to allow users to conveniently search for words and directly create flashcards without
spending time typing. The application design aims to tackle the three main problems of traditional
flashcards in vocabulary learning.
e The lack of contextual understanding is solved by card review and roleplay systems, which
require users to actively use the word in the context of the sentence.
e The prioritization of memorization over understanding is tackled by the dynamic Al-generated
question instead of the same content recall approach.
e The problem of staticity is tackled by the dictionary system which allows instant creation of
vocabulary flashcards, and roleplay practice function which allows conversation practice.
Related works: For this research, we investigated traditional flashcard applications (Anki [1] and

Dictionary
flashcard, FluentCard uses ChatGPT to - '
generate dynamic questions based on the

Figure 1: FluentCard Architechure Diagram
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uizlet [2]) and language learning applications
Q (2] guag g app Ousation Mean | _Standard

using Al like Kaizen Language [3], Alexa Deviation
Flashcard [4] and Storyfier [5]. Q1 Convenience 3.7 0.57
Architecture: Flu§ntCard has' three ma%n functions. w Effechveness in 285 003
Card review is the main function of the memorizing : )
application. In traditional flashcards, when Q3 Effectiveness in 415 0.75
reviewing flashcards, the user reviews the understanding

Q4 Engagement 39 0.78

predetermined information on that card. In
FluentCard, ChatGPT-generated exercises and Q5 Quality of the quizzes 3.8 0.89
feedback are provided. The second one is the

built-in dictionary system, which allows users to Q6 Quality of feedback 37 i
search and add the word directly to their learning Q7 Rec‘:r';“met”ga"‘t’“ to 3.6 0.82
program. The third one is the roleplay function Pref(;reircse%vzrr' ;mer

h . . . Qs s 3.55 0.83
which provides conversation practice based on flashcard applications

real-life scenarios. The architecture of FluentCard
web application is depicted in Figure 1.
Implementation: FluentCard is developed by the

Table 1: Survey results from student users

Django framework and is available at https:// Question Mean | Standard
fluentcard.vercel.app. FluentCard uses and fine Deviation
tunes the gpt-3.5-turbo model for ChatGPT API Q1 Convenience 3.7 0.57
[6], image generation from DALL-E 3 API [7], Q Effectiveness in 3.85 098
speech to text and text to speech from Web Eﬁ:‘c‘:i':;’r’]';;'lgin

Speech API [8], and SuperMemo Algorithm from Q3 understanding 415 0.75
SuperMemoZ packagg [9]. The ChatGPT model Q4 Engagement 3.9 0.78
for quiz and feedback is fine-tuned [10].

Evaluation: To evaluate the performance of Q5 Quality of the quizzes 3.8 0.89
FluentCard, we collected the user opinions from Q6 Quality of feedback 37 0.92
24 users: 20 students and 4 teachers. We T

prepared different surveys for two group of Q7 i shidents 36 0.82
users. As shown in Table 1 and Table 2, the Q8 Preference over other | , .. 0.83
users rated FluentCard highly on a 5-point scale. flashcard applications i i

Conclusion: In this paper, we proposed the idea
of incorporating ChatGPT in the flashcard
system. In conclusion, the idea of implementing Al into language learning applications shows a
positive result and should be further studied. The future work is to tailor the learning content the
users’ level and improve the Al-generated quizzes' quality.

Table 2: Survey results from teacher users
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