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B A DK (SSB) 1%, FAe B OBAEFRICEVWTEER
FEBIIR L 72 5 TV 3. FRCERFIBESRHFREICB W
T, HE X — Y OEINIF T LRFREICHY, Zh
SR D AFAREELEM L 72729, % OEFFEH
FSET SSB OEEEI ML TW5 [1, 2, 3, 4]. 72
Bi972 SSB oERUE, AR [5, 6, 7, 8] RFERM [5, 9], L
figii e & DLREBD VY R 7 HiEE % 72 [10, 11], SSB 018
NEZEREE2WMOMAPRETHS. ZNETSSB D
EHREMEE R T 2 72D DRIV OrREI AT
% [12, 13, 14, 15]. ZhbFRICED, —KNIC SSB O
BRI 2 Z 2 IEAIRETH 203, RSV v E 72130
FEOHRIKIE, WHMED RIELLNE Z 2. i
R, BAaEEIDRVEHRIEZEIRT 2 v i)
EREgd, HORAWEERT 2 TOEFIR > TLE
5 & — AL\,

INET, REODZL—TFTIZ, T 2 LTE#T 2K
HOEBEDNEDTNS [16, 17, 18] ZXIEHL, &Y
ZROCBICHWED 2RI 22T, MIRTI2HEEH
I§32~27%y 7RIORE T N4 ZOWEHFEICE D HA
TE/ (19, 20, 21]. RFANL RCED, EHICk->THIE
52— —DHKOHXPIEEZHEHL TWVWEH, KoiHE
FEA_EICIEE > Twin,

FITHRAIZ, WEAD7 0 —F FiEEHERT 3. A
FaEr6EFS T85%E (Orthonasal smell) | ¥ CTDHID
SREPHRIIZED OAE (Retronasal smell) | D 22D
SPEREMBTFEL, SAF e OPFFOBEERE, MTER
ZHBE LTINS Z e 2RENTWS [22, 23, 24].
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BEEE W Z B EI 5T\ [25].
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D, OFFERERTETOWRNWE WS ST, REOZ(LEE
TR T RFFTERVAREELR D 5. 2 2 TARIFFET
&, OFEZEBL, RORE2ZLE 8223 — b RE
BE 784 R Kaolid) 2#E£E3%. K 1WCRT LI,
Kaolid 13/MUTHRELRRE T AL R 2HRL, OFFLE
HI2R M —BFANf R ay TRFANL RTHB. R
Fa—BFNf 20, A tae—HEHTrLED ETF 2 —
THRCHEAL, KR EERICED 22—V OOMNET 3.
Ty TRIFANAL R, Eroay TICEY EEHFL, 21—
BHRMOECED ZOPMICET, OHEZ2ERT 5.
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BMI 2R L7, ¥£7, 103 ZHOEDEENGIAT o 7%
ThH, WHEADERE XA =y MEHCE SR X 7228, 25
HERE%O BMIZEA Lkd o7z [27). BROERE LT,
WHEE I ATHBERNC X > Th b33 HEEBS AR D
BREED 2L ABELTOS [28].

100% 71— ¥ 2 — A% SSB &My LTI AR
LNDHE D PITONTH, BLITFELNTVWS. FEA
EDIN—=YTa—RARFLRIVRRBEREEATVS
», BEICRVWE B3, LEL—HO 71—y a—
212, RUNCEEN L KANED SSB L REED /v ) —
LHESBEENTVS. 7 —Y Y 2 — ADIBIDAER
3] BEU2AFHRBOY 22 [29] LBELTVWE I
PHEINTWS.

—77, KWL AR Y —BEENTE ST, KOFE
CREZPEI Y EZ SN TWS., KOFBENEHZ ZIION
T, ARBREHOR RV TR T L —N—DF T 3
UBHHATES XSk, BB SSB RIHET 2 AN
KD B 2 2 DRSO REED H 5.

2.2. REFNA RICEHTBHAE

AR, BRA BRBEOBRE T AL R ZNEAWA V25
IyavPREINRTWS. flZE, V=7 7774
ATHEDRIRT BNy FvU v b - T4 2714 [30, 31]
R, BrOMNTB Y27 I T NTNAL R (32, 33] & EHEH
FINTWS. Wang 5 OF% [34] TIX, €728 2y
JURR BHIZEET A T 24 AROBEF AL X%
BEL TV, BEVRATLAZGHEEECTHALSTVT
FA /N EERLTWS. HEEBIBTAARLET
FA Y TL—FHHERNCHRH LB RELRHRETH 5.
RES AT LOHENZEMNE, REES X UREE L #E
HORFHPEL 2E VDR 2 ¥ &7l LTW3. Amores
5 OW5E [32] T, A~—F 74 ¥ biEf@RIETEET,
AERBIRRL CRIERICHE SN TE D OB PEELLEZ 2
e TEDZ Xy VLV RABIDEE T AN, ZRREL TV 3.
Dobbelstein & OHF5% [33] Tid, HHEAIETHMHRRER Y =
TIINVBETAL Z2HFEL, HAOED OBHIZ3ZT
352 ARETH . Choi & [35] &, 7L —LDIHIED
FHRHT272D0MAETY 2 — L E2HWDIAAK 3D 7V~
X T ZHHFEL TV S.

2.3. REIKEICSEZZHE

ANOHEHED 5% 75~95 dEFEVICL2EETHDILED
NTHED, — R AH T ¥ LTERE#L TV 2 KE
FFEODEDTNWS [16, 17, 18]. DF b, & D ZHlfET
B2 TANOREEZENIEZ P TEIAREND 5.
FREMELG TR E o2, BEMATEREZT,-

28R, RER U -720, BRUBD I WEBRITR WSS
S, ZAEHEEPEBIKEFELTWD Ze3bh 23 5k
RARBRD 1D TH 3. £z, BRENKEICE X 2B
LThEKOIay ITHEITFLNE. »EIKTHEHIN
ZREWZI Oy T LT, WHEIHK s LEVIE s 7L—
TARREDRHE. s IEEOY vy FIEHE, B
HER, R, BHROBEIZETIEE A YT CEUET H 2 250k
DOBZFNZENER S, Fouvoy T wbEITOEFEDTH
HIRERBET2R2Y, HEBXUCBEBROERGTIED
HEWZE o TRRIZHKOVWERBL TS,

Ranasinghe & D% [36, 37] Tid, AR % VR ZEfEToD
ORHABR Z AR § 5 2 L Z HIWE LT, BEXUMRRCED,
HMREEBT 274 22HUEL, SHE RIS KIZ
THEBTHELTWS. MR LT, B2 EEMEEIER
> THEDOIREZEHR L TW55, HEKEEICEL T
FEHTETOWRY. £F/DORTRAER, BiFa—
TEREEFRTAMHAL R TED, 2—FHEMNICHIH
LRTWTHY AV TiER.

FRADMAITN—TE, EOITLoTHEZHIEX
VI TRIOBHEA VX -7 2 —AERRELTE
7z [19, 20, 21]. #E&RE 33 HITh L CTEIEER 21TV, &
DICX > THIET 2RO B XRS5 Z & BB L 1273,
RO A L LD o 7z,

2% b, SSB OREE e LTATHHEREH WS Z
EARTaTHD, el ) =% 8% RWIKOEEHELE
ZIIH5ZeLEZ LV, RAZRBOHx2HEExE2F
EO—D2r LT, BEOWXLB7 u—F2fToTERN, B
HEDFETTIEROH S HIEIZER T 2 H O DORO EEER
FiEEEL W, 2 I TAIRTIE, NDOSIEREOEWNICE
HL, BR2BEDO7 v —F%2E 2 5. NIXRLEHID
&% T&%%E (Orthonasal smell) | ¥ [ODOH» 58 E2ET
32%FD TOHhE (Retronasal smell) | @ 2 DD &ML D
EL, BAEE L OHhEOBREERIE, WMTRLR3HEE L
TIEINS ZEHRINTWS [22, 23, 24]. Rz, BN
YIS AY O BKICES T 5 OREE, W OB#EA 5
WZEAHHNTWS [25]. R TIE, OHFEZIRRA
BEX T35 4 2 Kaolid) 70 XA T RT LD
Bt FEERREREL, OFELIERLZBOMRIKREICE 2
L BORFBERBFICOVWTRET 5.
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HXWIRE ROMREEN EE2R 2. FAIZRAYZ TR
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HL, S WS T4 > v VHiE L, HRE %225
XHBZE D IEROITTEREZ i 2 7 E 7 x4 2 TKaolid
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ARZAFTLFOFELEHRT 2B LT, ZXERY
T RLERY TR T 272D DM THEINATNS.
& D RES T 2 BLERY AE—Hr o= EWREIL, —
T HEAEHHT Z2F L 20TV, RIFSETH
WERERY ZTREER (E2Y) XA ¥ 7768 TD
FHEFALTED, BEFHREIZICHT 2 2 & T/NHh
OHERITH D A, BWEN - REZEHRL TV,
K2R3 &5, OFEZEHT 2008 LT,
ELEroay TRICED ZEST 2EMEEHRE L. &
DEESTHX 2 Ak, ZBRIERY FE D BRBAAL
ay P EEZSED, 3D XV rExTaryTFEERL,
#H EECED 1T 7.

¥/ 2-BCITRT 51T, BEERY F2HEXE3
7B DREIEIE I 7 MR 3 7218 EEIICED [
BEFHIC L. BAELEY TRANBEICE > TH T2
FENDNZLT 282> Tn B 70, KF AL 2 TIRZEL
JERY FADASTELE 15V ICEEL, 2BXEEH 1.6kPa
TEBEZITR o7, ZHUET A A0 5 30cm 1F -
EHICIEFAD D BHIREOERIETHS. ELEVIKEYT
oA A NEHHL, B ERAAEELTY PrEaY
THFARIND TS, kD ary T FflE-oEFD
EBREGIERY I X > THEFT ML Ko T3,

3.3. oA~

AWIZETIE, OFEZERT 274 20%EH2HNE L
T, BHEVEA I —NRXEHFTEIA r—RF Nt 20y

X3 EEoT

THRED 2T 23y TRIT AL ZAZRET 5. Wik
WG L IR CIKBINTHIES % 728, BB e RTHIC
HECHEHT 2B TH LA br—tay FICEHL.
M1 (a) IRTRAPRr—RFNA 2%, 2 br—DHD
HropOBEZTED, JIOR6ED 22 b —NIZHE
HyaEcOoRIcEYZBITS. 72K 1 (b) ITRT
ay TRFAAL G, Ty T EEICED ZESS 5784
AZREL, 2y TARCED 2HH T 2HHT 5 2 TR
KR OOHRICE D 2T 5.

4. RAERER

AWFFETIX, Kaolid D7’m b &X A4 FEHVWTHEET L —
N=DPHRBEICRIZTHELTET 2720, BENRERET
fisEER%Z EMi L7z, F7z Kaolid ¥ {7 L —N—TEET
BRI ZITS 7=DIC7 v — b B FEMLT-.

4.1. BmE

AFEERTIE, FBIIRZEDFA 10 BB L, Fik 20
R CEIER 23.97%) ThH o7z, WERE DEBHRIEICRIE
372 < (AR RE L ¥ OERIE W), BRESPBEIC OV
THIERERIRETERII TN

4.2. REBREE

AFEBETIE, Kaolid ® 71 b & A FHNC R 28k % H
Bl BVRAYTHHET 2 X e —87o8 1 2123,
EDDORVREEKE W, Z2EP VAW THET %
ay TRFNL 22, AR HV. FEHIEFABEL S Z
rOTES 10 EEOGVD I IV—T [38] » 5 REK, A5
CHEPROVWE SNBZMHERD TN —ThoF L VY, 4
F o TNEFERL. FHT 2754 ADIEFIC K 584
TARRIC D, IBBPELZ X512 2 BEOFER X —
VERABLIEML:. RBEDICLEIANL TRESTD,
BRI O 5 TR LKERATD & o7, FRITH,
ABIEHT 27— rEELTH ok, T —F
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ATBRCHR UKD R E, BROH S, BROfFA, BAEW
RHXOFMET>Td 5 o7, BERNZH X OFHECIE,
X 3R k51T, HEE ORNCHE D & O R 2 WKz
104y ZHEL, BRALBICEU 2H XG0 H O %33R
LTd o7z, BRZWHEK10 5y 1%, T1) 3R E
FNRVWKTH D, 19 IZ—BBRBIFROWIESHE &
11.3g/100ml DRIFED A - 7= WBEK % FHE L. Zofiid
FTIR B KO E FHE L7z, 1100 & — M7 R
FRLED D H IR ZBGERL T S5 DIcHE L.
ZHEITS 2 8T Kaolid ZHAH L7z U ko HE &
EROETRTHET 22N TES.

5. RERER

Loz, REBETHOVWEED (FLvy, 4Fv 7
V) OfEREREL, FHEZITo7. RKICHEDITK KD
R LR T 2 7, REBRTHWEED (FL vy, <4
F v T BN 21T - 7. BBICERNZROH XD
PGSR & RS

5.1. 2fFER

4iIzEnzhRA b —BFANL 2 3y FTRFNAL R
DFERZTT. R u—RF N4 2% W0 FHET L,
FEOEMNG L TORWEEICLHA, £ TOFMEEE (Ko
EE,%@H%,%@ﬁ&)f%ﬁ#m(&%@ﬁ#%%h

. RrckoH B LT, %@&mﬁmmmu¢§%
%TTé ETRIBICHIET 2 HEHEIET 2 2 & 2R
Xhiz. 2Fh, 2 b —Ro Kaolid IZ &k > THOhEFEEE
L, 2—FOBKEREIIR T 2 Z e HFRETH D Z &
DRENTz.

Ty TRFANL R HWEROFM TR, &Y 257
32 CHROMERE, WOHIWELTE, &hiHd5L
TWRWEGE AT < R 2 EAB R Sz, L
L, BWOIFAIZEE L TEE D B WM E < 2o 7.

2y THRF AL AT, ROFWERERPKOT XTI LA T2
HAB RS N2D, T—FOHRDFAIIEEDRVIER Y
Kolz. DD, 2y FHO Kaolid IZ &k » T —F Dk
HERRINRT 220 CB L TSR L TV RBEDNH 5.
FREROZMICBE LT, A br—BIFANf 2Dy
THRIFANAREIDDBENT 2 LE LI —FBZ N e
otz HEHEDaXY T, (A bp—HIFR4q 2
W ERIA) REETS 5 7-DT, X hIROZE(LEKL Sh
2.1 rwndaXy B nworReshz iz, T2k
0 — O PEOPIEERR { A 357, BROZD K Z Wik
RITKR2eE U7 ) RIETDEIAD W, oy FEIC
L TiE, MROZEMEZR b —BoaBEE shizs, O
LY DifFAZay TRITH o7, ) 2EET 3 AW,
DFD, A b —BIFANL ZDHPE D HPEZIER
N37:D, ROZZE LR TV L BHEHREDOIX > T
ORI Nz, LorL, A b —HF N RIEFEYHBR
Pa—%2Eo THICA S8, HEEIXEADMID L -
JAER, ay TR EFOAD RSN

oW T, 2HHOERICHIES H 2 & TICHEREMREL LT
v s s Wilcoxon DFFSIEMREERFHERHL, & OHHE
12 & BREHIIEE & E RN L 7. BEHMEEE OME
FRER LICEL DS, MEOHR, A ba—RIF A2
Tk, IRTCOFMIHEE THEEEVED N, Fhay
THRIFNA AT, WOHXOFHEiCHEEZDED b7z,

5.2. BEDHORHER

RIZED DEWVICX2HWEDORELITO 2D, ALY
R4 Fy IADE D RNCEHEi 21T o 72.
521 AL UCDEDOHER

FLYIOEFED ERHOWEBORBHEREEZK 5 1RT. X
Fa—RBIFos A 2B LTI, 2EOSTERAR, £To
THEEE (ROWEE, WOoHX, Kolfs) TEHED 25
L TOWRWIEH AN & R EAB R SNz, &
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Lg% 241 p 1 AR (p <0.05)
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TOFHIiEE TIRWEMDHER I Wz, £, &FHiEEE
TT—XDIELOEPRELALN, FADIFADEINK
LA ay FRFANL AT, FLVIDOED L
ARt DERDHEER S 7z,
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H & R
10[12.96g/100ml] A 0
9[11.52g/100ml]
— TIRDKERRE
8[10.08g/100ml] A HRD I L == —&—
1 &Y=l
mm FUHY
7 [8.64g/100ml] 4
2
| 6[7.2g/100ml] A
s
% 5[5.76g/100ml] A
4[4.32g/100ml] 1
3[2.88g/100ml]{ N
2[1.44g/100ml] A
1 [0.0g/100ml]
2 b O—B(RERK) v TR(ES)
AR DTESE
B 7 H X o FH i R
FHW7223, REEKEHERBWED L LTAL YO THD

Z DRI NS, REBRTHWEED OFEEIIE, AN
BL2ZrDTES 10HOBWD I N—F [38] 225 2D
DIN—=T P HBEERIToI2. DFD, FLYIDI N —
TDE D DREK L AR ROATREME R X 7.
Fieay FRF AL RTE, KROH SITEIET 2 HA
RENI=DY, T Y OFEEICERER CHRESRKROITA, R
DELFERC LR T MM I g o7, DFD,
BRDay FRIF AL 2Tk, OHEOFEFIH L VWATEE
DR E 7.

5.3. HKROH I DFHE

BRI ENL SWVOKROH XKL %20 % 7l L 724
BER 7TI1RT. RO KERE O &% TRE, RO
TL—N=D =X —DOFFTREEIL Y IBMTRT. FR
kb, REKEHWEZZ o —BFANAL 2DBETIEED
EIRT 2 2 TEE TRy — A 2 o5 Dbk H S #iig

FRSR L. FHiR 7 — 1 DT 1.44g/100ml DFEHET
Holtze, FRETHKE LGS, X ta—BIF 2T
1347 2.88g PO HIMWIREEH LI-Z e bh b,
BB IC X o Tid, RO REHROH X L FEFOF L% L
TWaZedhbholz. ¥AGEHWEa Yy THRIF A

BETIE, R ba—8FNL 239550, FARkicH
SHEOEAMM R Sz, ay 7RI, —BIVRRIER
BEDSHIRC - LMl L BrE d Aok, 2%,
Kaolid Z i\ 2 Z & THROH S HiEZ B L, FEoEIRE
R T 2 ATREE A R S 7.

6. HHDHIC

AREBICX D, HFOBRVWGAEICHEN, Kaolid ZFIH3
3 Z e CHROMGERE, WoH XK LG T 2 EHAH
BENTe. FBEORR, WHRERIZ 10 HTH 57228,
Z b —RFARSL 2 TR TR TOFMIEE THBEDTER
I, Ty THFTAL RATHKROH I TEREDHERIN
Jo. SBRIEE S KBIBICHEREITS Z 2T, Kaolid 0f

MEEZRLTVL.

FRBEDINCOWMEITS 2T, BENC X > THEDR
WE D HRED AN TR I N, AEFTIE, FOHiC
FL VY, A Fy TN ERWEN, ADBEL2ZLDT

=3 10 ooV —7 [38] ko x, Aokt
BOEYEHERTIDEND S, 7 4 2BTIE, R
b =BT O E 2 S U RTREMED H & 7253,
Oy FEIF AL 2B LT, OFEOEBITETVA
WHREER R Sz, £%1E, ABR ORI VWRAY T
HOAPEEEHT 25N ZEHRT 208D 5.
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Necessity level 1

Temperature ~25 °C
Humidity 40 ~ 60%

Necessity level 2

Temperature 25 ~30°C
Humidity ~ 40%

Necessity level 3

Temperature 30°C ~
Humidity ~30%

BPM Available : true

Let's drink!

BPM Available : true

It's about time.

BPM Available : true

Drink and rest NOW.

The temperature and humidity in your
location is appropriate.

Stop Reading

It's going to be dry...

Stop Reading

Danger!
Whenever possible, move to a cooler
and Move to a place that is not dry.

Stop Reading
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5 HydRemidner OF|HA X —Y (V=27 7 7LE—
F)

B LIty F— X2 ERICEHRL, KoflifaLlTwd
DEDEEEET S, Zho O eMET 27012, 8L
THMAEICIEHIRVKREE ) THRZE TRXTRETE S %
W7z SN A XTHEES 2 VB L, =Y ZiEHL
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3.4. HydReminder DE€—F

HydReminder l37 A2 by FE—=R LD 27 J 7NE—
FD2E—FOMEENE. TR7 by PE—FIEEL
TR =R THEAL, MHEREHEERIERCK S
FEEITS. V27 77 NE— FIZBEIREER 2 YT
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REREE VYL -V ORIREREEEZFRIL, 75
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6 Power switch for the control unit attached to a

wheel-driven device.
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4. A—YE) 71 REERER
4.1. A—YEVU T REEXRBROBE

HydReminder ® 1 —H% ¥V 7 1 MEIEEERTIX, 10 {X»
550 RETOBEL 10 B2 HBaE L Lz, #iB#EICE 2 H
273 HydReminder ZfHH L 7235& L L o 72
AT, 1TERED L < 9:00~12:00 -+ 13:00~18:00 DEF 8
R O HEAEHFICHBOED OAEEZ L TH 5 o7z, FEE
X, BRE D IERATE LT B ZE-TITY, MR 2Rl
B, SIBDOH2BRFICVI5EbH o2 en b, AR
BOVKGRIGICHE L KIZTAIREEDR H 2 e E R 5. FER
TR Y r—MZEZLTH WV, KOEBEREZER
HYERF O RAR Iy — VIS TEEILE. £72, HBECX
7 LOHIRZFHT T % 72912, HydReminder 1 —+#E' )
T4 DZFIED SN ICOVWTHIET 57912 SUS &AW
7o v =t BLOHHTEARDO T v — b REMLT.

4.2. HydReminder OBEHIC & ZKDBRIE - BHOLE
B

HydReminder % 1 R L7235HE AL TORW
BAECBWOKSEIRES X CKEIREI O L Z21T -
To. ROTHEEER & R U 72 2 B 10, K HEEE % %
BUZMRZN 11128 d. KRz R ek EIETIX
10 AH 9 NO/K B EDSEM L7z, /KEIERTIE 10
A7 NOIKGHEEUEIEASHENN U BT - 7= R 1
Ripote.

10 Comparison of the amount of water consumed by

each subject (ml)

11 Comparison of water intake frequency per sub-

ject(times)

%72, HydReminder % 9:00~12:00 * 13:00~18:00 D&t
SEFRIHEM L7254 L L TWARWEEIZB W TR
B8 X RS EINEE O 21T o 72, /Ky BIE % HK
LR %X 12, K EEEEE g L 72/ R 2K 13 1
Y. MERER 2 LAKGEEETIX 10 A 10 ADK53HE
RN U 72, KRBT 10 A 9 ADIKFHEEL
[BIEHSE NN U RIS - 7= R E 1 e b o 7.
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721 SUS score per subject used for 1 hour(points)

Subject 1 2|13 4 ) 6 7 8 9 10 | Ave
Score 87.5 |80 | 90 | 77.5 | 75 | 97.5 | 75 | 92.5 | 87.5 | 90 | 85.25
% 2 SUS score per subject used for 8 hours(points)

Subject 1 2 3 4 6 | 7 8 9 |10 | Ave
Score 82.5 | 82.5 | 825 | 80 | 77.5 | 8 | 80 | 82.5 | 95 | 85 | 83.25

12 Comparison of the amount of water consumed by

each subject (ml)

13 Comparison of water intake frequency per sub-

ject(times)

4.3. SUS IC & 35
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5.1. EEAERUVFTESE

HydReminder % E BRI H L 2B 2 —F 0fTHI
B Z 2 0 B REET % 72 DK BIE DG
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5.2. {TBERREARROKER

IKTEIE B X KD EREB O KR 2T 7. #Rz
M izzhzhnd. 245 1250 T HydReminder %
fEH L o7 1 HEICHANRTHEHALZ 2 BE Ky
G - BIEREEN T 2 2 wo Rk -7, £, B
U HydReminder Z £/ U5 - 7z 3 ## Hix HydReminder
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HE IR EBIED M U 288 E b iz, IR T, &
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5.3. 8
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RER2Z Y, KR 25°C MUF, BE 40% Uo7 -2
%<, R¥EEEHEDTWS. ZOFKE LT, REBRIILF
BHRLTEMLLZ R, -2 7 4 RED HELNZE
FEHI NI WEbrEZONSE. ZDkED, &
HOEBZE L THEIRZIERIC HydReminder 2 LT
b LVWEREOKIEE T2 RERH D EZXD.

# 3 Percentage of temperature and humidity during the

experiment (%).

Temp(°C)/Humi(%) || -30% | 30%-40% | 40%-
-25°C 22.3 17 49.2
25-30°C 2.1 1.9 6.6
30°C- 0.8 0.1 0
6. ¥
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T TKDHERREMRET 272D DK MHHELIES AT
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BE R

MHF>r V=) -XMREEHFTTKEA
MieKkoEbb, 3> rY—(F>YF4 ),
https://mizuiku.suntory.jp/kids/study/n004.html 2021-7-
12.

R BHBEASM2E(6 AN 9 H) 08t
X oaBBRERIR, BT (¥ 54 ),
https://www.fdma.go.jp/disaster/heatstroke/items/
heatstroke_geppou_2020.pdf 2021-7-12.
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Lessel, P., Altmeyer, M., Kerber, F., Barz, M., Leidinger,
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6

age People in a Playful Fashion to Reach Their Daily
Water Intake Level, Proceedings of the 2016 CHI Con-
ference Extended Abstracts on Human Factors in Com-
puting Systems, CHI EA ’16, New York, NY, USA, Asso-
ciation for Computing Machinery, p. 1813-1820 (online),
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x1 PRESFEMESBESOICEISBHICE 2 5 HH
Parameter Std. Err. T-stat P-value Lower CI Upper CI
a0 6381.0 119.71 53.306  0.0000 6146.4 6615.7
al -211.92 235.49 -0.8999  0.3682 -673.53 249.69
a? -528.76 278.84 -1.8963  0.0579 -1075.3 17.810
a3 289.61 125.08 2.3154  0.0206 44.428 534.78
a4 370.06 157.52 2.3493  0.0188 61.294 678.83
ab 571.85 72.457 7.8923  0.0000 429.82 713.87
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EREREEDOE AL T 2 HFIREHRLTED 5], 20D
FHE BU CRET 2 NIl s h 3729, EUBSMNCE
W BRI XN .

SNS %3l L TOREDERIH b EIci > THE D, SNS
27y Fa— RENEBRICED 2 AEEAERORD &
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AWFETIE 9 I X3 FAHEORIAEEZHIET. 9
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gorization
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A ZOMEEMBIRT 272012, F7 ORI X 2 E
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MARTE 3 X517 (4.1)
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BRI ER L. (4.2)
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2. FEEHARE

K7 OFIAZBAN D121, H X5 [13], ID H— K,
v —a YRR, ERGERE, PIN, 2~ — k7 FSGE [14] &
CERMAT2HEND L. A AT IHAAE KLY -
DFRBHEIZER LR WAED D 203, MRHBTRH L7
B, BIFRRHLEY, RERE Vo L RRERIERIE
N, SHAPKENTIEFENZI S W DB, I X TP}
DY =)L TI, —BINC F 72T 2 OEEE BB L
T257012, XHITRIMTEEZEEHLIZWIT 77 7 —
¥ a APV, A — b7 4 VI K BEERE [14] T,
F7ICH D3z —arick-T, RS ETFT
RFEF 2MAEIToTVEY, 6 ZHOFHET 69%, 104
DOFHET 62% ODRETHD, BWHEETH S ITVIR
W, 2L, ZOMETIE, F7IGEI e ERFIET%:
B2 L WO KEEDHEBITETED, ©LAZLELHIKHEN
L72&oCR2%. Bty —LzmklLizhEhl=b L7
LEIZ, F7TEMILARIRZVAZIIHES

F7 OFAZEHFHAN D=1, F 7D T 7= hsEE &
¥R AV B TGN H 5. Piltaver 5 [8] 1, F 7IZH
DT ZMEEL Y DT —&hs, BRIhTWET—
R DBEERITD ZITL-T, 12 NOHERE % 89.9% @
accuracy Tkl L7z. Dynamic Time Warping(DTW) iZ
o TR AOZ N ZRINL, 1§50 2R #HELZ kNN
WEoTHRET ST, @ilkEZHR L%, Fukao &
01, K7/ 7D HT7EY v 4 a4 moFfED
A ZATV, 4 AR AZERIIZIE 0.73, IBERICIZ 0.90
@ F-measure 21972, #SOFILTE, K7/ 7%ETH
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—7ANO Ishida & [10] 1%, REEO F 7 OAICDOWT
$ Ll 7= 14T 7 % % Baysian Network (2 & - T 91.9% @

accuracy Tiall L7z. Vegas & [11] &, K7 Y FA D
WKINEEE 3 ey 4 mt 2D I T2—F i
MEFT-72. DTW THII L7=2f#E% SVM ® ANN %
AWTHEEL, 47 AOFIFAEZEICN LT 0.912 ® AUC fE%
BBEZENTETVS

WINOMRICBN TS, BHEE I B WIEEL
BE2ZeMTETVWELo. WIFADE—D R 71T
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¥3ZrEHIET.

TREE & > B & O NFEATEIHEE T, EB O Z 5
T20HYH, KifFETHIH T % Transformer & DT, &
B2 B AN D A shTWw3 [15, 16, 17, 18, 19].
I—7 4 RO NBEITENCRHELL T, ZOTEIoBE %2 H
fE L% % & % [20]. Fitbit ° GARMIN, Apple watch
YWVWo kO RREFADODY L7770y v FTH, HER
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DOFHEINEEL > 2 ANDEET LI 2HELTED,
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B0y Y PVED RV bIEICEINT WS, &
IAVBMKBIE AW E 221, HETHiliEh S
REEEsBzId, IhEV=2—Ilxy b V-0 %
Anz LIRS, 5 IRTERTE, FMmED
EHEDORE DB NMIOWVWT S, MEtT 3.

3. R7ESOEE
RS 372 9l > itk -oT, F70FH
& D#A % B3 .

3.1. R7EIEICL D 9 @SS DiFHE

FZER 2 ICRT LD, F7 79 2O 3
T 9 #f IMU - >4 WitMotion WT901SDCL % Ht b {33
7. 70 EIWMO T2z T, MAEXRCERT
2Zrk<, F7ORMET2 e TES. FE5MISD
H— AT 9T — &I EMIEL, SD H—F
WO HHET -2l E LT 5. —EIGREHET
U, BORRIEAN Y 7V =253 2 DT, BRADERRC
LHHATRETH 2. FRIITIEY —F— Ny T U= EA
DIFEFIC X > TREEAEICL, Bluetooth #fi/s ¥ T+
YHIMNLE e T2 kMO T e EHET. H
HEEIZIE Bluetooth #ERiD b DD 208, HEHTE S
BERABBMRNZ b 225, SHOBERALZ

9 il > HIT & - T, 200Hz X TONNEE - 3T - Hifgk
K[DT—REBIGT 5 I BN TES. Bluetooth THEET
ZEETE, Ny TV —DRBOBELI LD, 7—XDOKRED
EZDRFTLRD., T—XREZBIT 27012, FFEK
1 200Hz RS L 52 L ATRETH 5728, HERAHSE [19]
WZHEW, FNA 2D ER#EETH % 200Hz & L7z, #EIC
X237 —RELERIT B/, BEICHB X7z SD 51—
FIZEEZMEEL, behrbTF—2 2 FHTWMOHT L
LT, EBriEDT. 28R 7D DB A->TRT %
B, H2roHE R 72T THCHT R 72Dz
2, BUSTE3{E3500%RT

K7 OFIFHE 2R L THIERT 2 & 5 MR wvwiz o,
F7 2R L BRCHHAEZ#T 2ice Y Es. F7/
TOEMEEMETE X oT, 7 OBEARNICHHE

RiFET2ZHTES [9) A, AR TEEEREF 2
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1. Abstract

This paper presents a stand-up activity prediction sys-
tem using textile pressure sensors to reduce unexpected
falls. To achieve this, we equipped a wheelchair with tex-
tile pressure sensors to collect data on wheelchair users’
activities, such as sitting, exercising, and trying to stand
up. In a lab environment, we collected activity data
from three users to forecast sudden attempts to stand
up, which may lead to falls.

In this study, the effectiveness of the personalized
model and the leave-one-subject-out (LOSO) method
were compared. Also, we compared the performance with
different feature sets. With four general statistical fea-
tures, we achieved an 84% accuracy and an 81% F1-score
to predict trying to stand-up activity in the one-person
leave-out method. Then, the accuracy and Fl-score in-
creased to 86% and 83%, respectively with six additional
features. Finally, personalized models produced the high-
est accuracy and Fl-score of 91% and 94%, respectively
for the stand-up activity.

Overall, the results demonstrate the potential of pre-
dicting wheelchair activities using textile pressure sen-
sors, contributing to a lower risk of falling from the

wheelchair.

2. Introduction

Along with longevity, labor shortages are becoming a
severe problem in today’s society, especially in nursing
homes. Caregivers are not growing at the same rate as the
aging population, making accurate monitoring difficult.

It is not possible for a caregiver to monitor every move-

Stand-up Activity Prediction from Textile Pressure Sensors

1 Tahia Tazin, Kyushu Institute of Technology

2 John Noel Victorino, Kyushu Institute of Technology
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ment of the elderly all the time, especially when they are
sitting in a wheelchair. Accidents are more likely to oc-
cur when they try to stand up from the wheelchair. Also,
many times these accidents occur in a location where it
is difficult for a nurse to monitor these issues at all times.

On the other hand, in addition to the increase in the
elderly population in Japan, dementia patients are also
increasing rapidly. Based on data analysis results from
research by Kyushu University, it is estimated that by
2025, 1 in 5 adults over 65 will be affected by demen-
tia [1]. Movement and balance-related brain regions can
be impacted by dementia. Many people with Alzheimer’s
disease or another kind of dementia eventually lose the
capacity to move and carry out daily duties. Also, pa-
tients with dementia often forget their current state. As
a result, they can fall when they suddenly try to stand up
from their sitting position. In nursing homes, people with
dementia experience fall an average of 4.05 times a year
compared to 2.33 times annually for other patients [2]. To
prevent these accidents, it is vital to establish the proper
provisions after completing assessments on the relevant
patients. Using a textile pressure sensor-based predic-
tion system that alerts caregivers when patients attempt
to stand up from their wheelchairs is one solution to this
issue.

Electronic textile structures have attracted much at-
tention over the past 20 years in research and devel-
opment due to their innate softness, breathability, and
flexibility. These features produce a satisfying platform
for sensing various inputs like pressure, temperature, and
strain [3, 4, 5]. However, to support the daily lives of
the elderly, professional life-logging technologies have also
started to arise, and context-aware solutions with sensor
devices are being introduced. Attaching several sensors
to the body makes it possible to obtain much information
about human movement and activity. Wearable technol-

ogy should be incorporated into daily life use products,
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as attaching several devices may involve labor or addi-
tional expense. At the same time, having many sen-
sors attached to the body can feel unsteady for elderly
or dementia patients. As a result, we concentrated on
wheelchair cushions since they are commonly used for el-
derly and dementia patients and can be used to monitor
body pressure and postural position, allowing us to get
many data on human behavior.

If activity were predicted from the pressure sensors
built into cushions, it would be possible to naturally sense
human behavior during movement. This capability would
be helpful in many situations, not only in daily life but
also in nursing homes or hospitals. Also, such cushion-
type technology would become comfortable for wheelchair
users who are not used to charging or discharging devices,
so they might be employed in technologies used for de-
mentia patients or the elderly.

Currently, there are many methods of using wearable
sensors for fall detection; however, the sudden effort of
the elderly to stand up has never been predicted. Also,
the ideal sensor configuration for predicting states must
be thoroughly researched. The rate of unexpected falls
will drastically decrease if we can investigate the posture
movement before standing up and alert the nurses via the
alarm system.

This paper proposes a method for predicting body pos-
tural movements before standing up from a wheelchair
using e-textile pressure sensors embedded in wheelchair
cushions. We designed a supervised machine learning
model to address the trying-to-stand-up activity predic-
tion system utilizing textile pressure sensor data. In a lab
setting, we started by collecting a series of raw pressure
data. The instances of raw data were then aggregated,
with each instance labeled with the activity that took
place while the data was being collected. Then, using
machine learning techniques, we created predictive mod-
els for stand-up activity prediction systems.

The rest of the paper is organized as follows: Section
3 discusses the related research, then Section 4 describes
the details of the proposed method, Section 5 analyzes

the results, and finally, Section 6 summarizes the entire

paper.

3. Related Research

Nowadays, detecting the posture and daily activities

of the elderly is a hot research topic worldwide. These

activities, or posture detection, are done with different
sensors, such as accelerometers, gyroscopes, force, and
pressure sensors. Because pressure sensor-based smart
cushions are unobstructed, they have been used in vari-
ous related studies to track the comfort and well-being,
posture, fatigue, and physical activity of regular chair and
wheelchair users [6, 7]. On the other hand, researchers
have proposed many methods by which it is possible
to detect the fall of the elderly. In this case, also, fall
detection is done by various wearable sensors and cam-
eras [8, 9, 10].

Xu et al. [11] proposed the smart textile-based sensor
in the cushion to recognize human sitting postures. The
binary representation of a gray-scale image was evaluated
using data on the binary pressure distribution that had
been collected. By employing dynamic temporal warping
to analyze the pressure distributions, they could pinpoint
specific postures of the sitting position. Also, Kamiya et
al. [12] used an 8 x 8 pressure sensor matrix placed in
a chair cushion to recognize the sitting postures. They
used Support Vector Machine (SVM) with a radial basis
function for classification.

On the other hand, Khan et al. proposed a camera-
based technique for an abnormal human activity detec-
tion system [13]. They proved that this method could be
used for elderly care using Kernel discriminant analysis
and the Hidden Markov model. Similarly, Pavan et al.
analyzed the video signals by applying manifold learning
to identify human activities [14].

Sensor systems with early bed-leaving behavior pre-
dictions have been researched to prevent fall accidents.
Asano et al. [15] proposed a depth camera-based detec-
tion system to avoid fall-related incidents. After optimiz-
ing parameters and motion variables with distinct par-
ticipants’ body size, location, and orientation, they used
SVM to recognize bed-leaving behavior patterns. After
68 iterations, their experimentally produced result had a
92.65% recall rate. On the other side, the authors in [16]
provided the bed-leaving behavior identification system.
They employed bed pad sensors on a bed and a rail sen-
sor placed inside a rail to detect bed leaving behavior.
Additionally, they generated a benchmark dataset of ten
subjects’ continuous and discontinuous behavioral pat-
terns. According to the experimentally collected results,
Random forest achieved 91.1% accuracy in their bench-
mark dataset.

However, different bed-leaving sensors are now widely
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available from manufacturers. For instance, clip sensors,
infrared (IR), and mat sensors are often used in hospitals
and nursing homes. The most practical method currently
available, clip sensors, is simple to use, but because they
are fastened directly to the patient’s nightwear, care re-
cipients are confined by sensor wires. Furthermore, a
care recipient’s neck could get wrapped around a sensor
wire. Consequently, the usage of clip sensors has recently
been discouraged. Due to the lack of constraints, mat
sensors which are more affordable than clip sensors, are
frequently utilized in clinical settings. One drawback of
mat sensors is that they take a long time to detect and
react when a care recipient places their feet on the mat
while seated at the bed terminal.

As clip and mat sensors have some drawbacks, and
wearable sensors are always difficult to use for older
adults, we proposed a textile pressure sensor-based stand-
up activity prediction system that can prevent any acci-
dental event in a nursing home. Our proposed method

has been discussed in the following section.

4. Proposed Method

The smart wheelchair contains an e-textile pressure
sensor in the seat cushion and the backrest. These sensor
data can be used to recognize postural movement activ-
ities such as sitting, exercising, and trying to stand up.
The pressure sensors must be connected to a Raspberry
Pi via Bluetooth to get the raw activity data. When the
device is connected, it can even detect very slight postu-
ral movement. Figure 1 shows the overview of our smart
wheelchair. In this section, we discuss our proposed sys-

tem architecture.

4.1. System Architecture

As it is a textile pressure sensor-based smart wheelchair
system, the pressure sensor can detect when someone is
sitting in a wheelchair. After that, the pressure sensor
starts collecting each postural movement data. So, from
that data, it is easily possible to recognize the users’ reg-
ular activities. This system cannot be able to detect
when someone is standing up from the wheelchair and
fall immediately. Moreover, many established methods
are available for fall detection-related alarm systems in
nursing homes or hospitals. Nevertheless, when patients
already stand up from their wheelchairs may already be

too late for caregivers to take necessary actions. Keeping

1 e-textile FHE Y+ RBRHRLUZHNT

Figurel Wheelchair with e-textile pressure sensors

X2 BYWHENE Y ERCEEIES R T L07 —%
77 F v RR
Figure2 Proposed architecture of the textile pressure

sensor-based fall prevention system

this in mind, we have proposed a system that can give
an alarm when someone is trying to stand up from their
sitting position.

Figure 2 shows our proposed system architecture. Seat
and backrest pressure sensors gather pressure data when
a person is seated in a wheelchair. An older person or
a patient’s posture frequently alters as they attempt to
stand up from a wheelchair. Their backrest pressure sen-
sor and seat pressure sensor both experience a gradual
reduction in pressure as they lean forward. They conse-
quently slowly adopt a dangerous position. Our system
alerts the caregivers to take action since the patient could
unexpectedly stand up from the wheelchair or fall while

seated in a risky position.
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3 HAEFOENL Y TF—& (B Yarr s
F. pF)
Figure3 Pressure sensor data for sitting activity (ap-

proximately in picofarad, pF)

4 EIFROEhtrHTF—& (A WEary I F,
pF)
Figure4 Pressure sensor data for exercising activity

(approximately in picofarad, pF)

4.2. Experimental Setup

We collected a sequence of three activity data such
as sitting, exercising, and trying to stand up using
wheelchair pressure sensors. We analyze those data us-
ing a machine learning algorithm to predict the activity
in different methodologies. The time duration for con-
ducting each activity is 60 seconds. Data were collected
at a constant rate of 8Hz from e-textile pressure sensors.
For the first experiment, in the laboratory environment,
we collected three subjects’ data, and we considered 2-
person data for training and different 1-person data for
testing. Figures 3-5 show the sum of each activity’s pres-

sure data (approximately in picofarad, pF).

5 b ENDEMRICHIRT 2T —& (AL
frazzZ ¥, pF)
Figure5 Pressure sensor data for trying to stand-up ac-

tivity (approximately in picofarad, pF)

We obtained 16,000 columns of textile pressure sen-
sor data for each activity in our experiments. Since the
pressure sensor data is complicated, we did three experi-
ments for better accuracy. We extracted mean, variance,
minimum, and maximum features from the raw pressure
sensor data for the first experiment. Using a 1-second
window size, we set the features for 50% overlapping
data. We used one traditional machine learning model
K-Nearest Neighbor (KNN), for predicting the activity.
In the second experiment, we extracted ten statistical
features, i.e., mean, median, standard deviation (STD),
minimum, maximum, median absolute deviation (MAD),
interquartile range (IQR), Kurtosis, skewness, and vari-
ance. Then for the third experiment, we again collected
data with one person on a different date. Moreover, we
used the same subject data for training and testing, but

they were collected on different dates.

5. Result Analysis

In the first experiment with four statistical features and
one person leave out the method, we achieved 84% accu-
racy. For trying to stand up activity, we got 81% F1-
score. Then we extracted six more statistical features,
and with them, our model achieved 86% accuracy and
83% F1-score for trying to stand up activity prediction.
In the personalized experiment, we achieved 91% accu-
racy and 94% Fl-score for trying to stand-up activity
prediction. The result of our experiment with trying to

standup prediction demonstrates that adding more sta-
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Tablel Multi-Class Classification Results for three experiments, showing Macro average and weighted average for

precision (Prec.), recall (Rec.), and F1-Score (F1)

Experiment 1: Experiment 2: Experiment 3:
Activities Leave-one-out Leave-one-out Personalized models
4 features 10 features 10 features
Prec. Rec. F1 | Prec. Rec. F1 | Prec. Rec. F1
Sitting 0.95 0.93 0.94 0.96 0.93 0.95 0.86 0.93 0.89
Exercise 0.87 0.68 0.76 0.86 0.75 0.80 0.90 0.93 0.91
Trying to Stand-up 0.73 0.90 0.81 0.78 0.90 0.83 1.00 0.88 0.94
Accuracy 0.84 0.86 0.91
Macro Average 0.85 0.84 0.84 0.87 0.86 0.86 0.92 091 0.91
Weighted Average 0.85 0.84 0.84 0.87 0.86 0.86 0.92 091 0.91

Prec.: Precision, Rec.: Recall, F1: F1-Score

tistical features has increased the accuracy of our model.
In particular, we observed that the accuracy of our model
improved from 84% to 86% when utilizing a one-person
leave-out method by increasing the number of statistical
features from four to ten. Table one shows the detail
prediction result. From experiment 1 and 2, we observed
that with one person leave out method, exercise data are
mostly misclassified with trying to stand up activity data.
However, we achieved the highest accuracy with the per-
sonalized model because of less misclassification between
exercise and trying to stand up data. Figure 6-8 shows

confusion matrix for each experiment, respectively.

6. Conclusion

The smart technology described in this paper uses e-
textile pressure sensors and machine learning algorithms
to detect attempts to stand up by wheelchair users. This
system’s deployment attempts to reduce the possibil-
ity of unintentional falls happening in healthcare facil-
ities, including hospitals and nursing homes. The per-
sonalized model showed the highest level of accuracy at
91% by combining a pressure matrix array configuration
with the KNN algorithm. According to these findings,
a wheelchair system with an e-textile pressure sensor is
a helpful tool for preventing unexpected falls. The sug-
gested technology is intended to anticipate attempts to
stand up from a wheelchair, which can also carry a sig-

nificant risk of injury.

6 4 DOORHEDEE DRFIT

Figure6 Confusion matrix with 4 statistical features

In summary, the safety and well-being of older adults
and dementia patients at risk of falling can be signifi-
cantly improved using e-textile pressure sensors in fall
prevention systems. These sensors can recognize move-
ment patterns and pressure variations, enabling early
identification of falls and other abnormalities. These de-
vices can assist in preventing falls and lowering the risk
of injuries by providing real-time feedback and alarms to
caregivers and healthcare professionals. E-textile pres-

sure sensors have the potential to be an essential factor
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Figure7 Confusion matrix with 10 statistical features

8 10 HORHEDHAE DMENLE T A ORFTTHI
Figure8 Confusion matrix for personalized model with

10 statistical features

in the ongoing endeavor to enhance fall prevention tech-
niques and support healthy aging. In the future, we will
collect real-field data from nursing homes to make this

system more robust and valuable.
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Fake Smiles

1 MOMOKA NAKAJIMA, Faculty of Environment and Infor-
mation Studies, Keio University

2 SATOKI HAMANAKA, WATARU SASAKI, Graduate School
of Media and Governance, Keio University
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FoONEKESPH WRIEZHLTEA D2 SE SRV K
SIIRBES 2 THB. %/, MAOHEBEERLLT
WA H OO FLERITHAN ORI DHEOMIETIEA
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1 1 7 6.0 2.5 5.5 5.5 5.0
2 3 5 5.0 6.0 6.5 5.0 4.0
3 3 1 6.0 5.0 3.0 3.0 5.5
4 1 3 5.0 5.0 45 45 4.0
5 6 5 5.0 5.5 6.0 5.5 4.0
6 2 3 4.5 6.0 5.0 45 5.0
7 2 1 6.0 7.0 6.0 6.0 1.5
8 12 5 6.5 8.5 5.0 6.5 4.0
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Fik Precision | Recall | F1 Score | AUC
Logistic Regression 0.895 0.910 0.902 0.840
Random Forest Classifier | 0.972 0.973 | 0.973 0.957
Support Vector Classifier | 0.893 0.916 | 0.904 0.840
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Basic experiment related to overconfidence detection method from
PC interaction data

Picard Sébastien.
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1. Background

Overconfidence can lead to poor task performance or failure to
achieve one’s goals and can also prevent the implementation of
optimal behavior change strategies. Overall, it can negatively
impact a various range of industries from health promotion to

fitness and exercise, to business and learning among others.

2. Problems with existing work

Typically, the way to approach the issue for the above-
mentioned cases is as follows: analyze if the user has met their goal
or not and compare that with a questionnaire about their
expectation of success with regard to the goal [1], this allows to
measure to what extent the user is overconfident. After that it is
possible to take into account the overconfidence level for
subsequent objectives and customize programs. However instead
of waiting until the user has either achieved or failed at a first goal,
it is desirable to detect overconfidence before adverse outcomes
such as program abandonment or low achievement occur to be able

to implement countermeasures.

3. Proposed method

We envisioned scenes where the user is interacting with a PC to
carry out their work or to study. For such use cases, we used a
definition of overconfidence similar to the over-estimation
category from [2]. Specifically, we defined overconfidence as 1)
the user will not be able to perform their task correctly or solve
problems correctly 2) the user is confident of their future success
and do not realize they will fail.

For this paper we focused on 1). Our hypothesis is that we can
infer whether the user will achieve their goal or not by detecting
behavior that indicates the user is experiencing difficulty.

We focused on the aspect that when a user is operating a PC, if
they hesitate because they are experiencing difficulty, the typing
patterns will be slower than usual, also the time needed to make
decisions will be longer (for example they will pause longer before
clicking validation buttons) than usual. We conducted a principle
experiment to verify the feasibility of our method. To reflect the

above-mentioned behavioral hypothesis, we implemented a
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memory task and computed features such as follows: the duration
of keystrokes, the duration between keystrokes, the duration
hovering over a button before clicking it. We hypothesized that the
more the user will experience difficulty recalling a combination
from memory, the larger the feature values will be. Figure 1

illustrates this hypothesis.

12 f l —

10 —.l

2 ITM !_lﬂ_l

5000 10000 15000

Figure 1): distribution of average duration in milliseconds
between consecutive keystrokes. Blue line = 1% iteration (when
the user is experiencing no difficulty), Red line = last iteration

(when user cannot remember recall the combination)

In this experiment we started from simple combinations of digits,
thus we could compute a baseline for each user (we assume the
users experience no problem remembering the first easy
combinations).

Based on the data of all the other participants in the experiment we
built a model to assess whether the user will achieve their goal
(until how many digits they can remember combinations) or not

based on feature data relative to the baseline.

4. Experiment design

We devised a principle experiment to verify the feasibility of our
method to detect whether a user operating a PC in an office setting

with achieve their goal or not.

4.1 Task and experiment scenario:
- Display a random combination of digits for 5 seconds
- The user memorizes the combination and interacts with a
custom UI requiring keyboard input and mouse

movement before submitting their answer (this is called
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an iteration for the rest of the paper)

- Starting from a combination with less than 5 digits, the
combination grows in length with a 1-digit increment,
either to the left or right to the previous combination

- This iteratively continues until the user either gives up or
fails to remember up to 3 times (we call this series of
iteration a sequence for the rest of the paper)

- Before the first combination is displayed the user is asked
to input the expected length of the combination they can
remember (We call this goal for the rest of the paper)

4.2 Example of features used as input for the model
Keyboard typing speed, average duration between keystrokes,

time spent hovering on the submit button after typing the last digit.

5. Data collection

16 users responded to a pre-experiment survey and indicated their
ascent to participate in the experiment. Explanations about how to
install the program and run the user interface (UI) was provided to
all participants. The task consisted of running the Ul daily for 2
weeks (excluding weekends) and report their performance in a
shared file so as to elicit overconfidence. 11 participants engaged
with the program and we discarded the first sequence (used for
practice). From the data obtained, we restricted the analysis to the
iterations where the number of digits is lower that the goal, 66

sessions and 525 iterations.

6. Analysis

6.1 Features

We computed a battery of features meant to reflect our hypotheses
stated in 3. Proposed method section. Those features included
features computed from keyboard as well has mouse hovers over
buttons to highlight the slowing of typing patterns expected to arise

when hesitation due to inability to remember kicked in.

6.2 Normalization

Our hypothesis relies on comparing behavior with a normal level,
we believe that changes in the above features are more meaningful
than absolute values. To verify this, in the result section we
compared performance for absolute values and data normalized as
follows: a) the first 5 iterations of the second sequence (the first

sequence being excluded from the data) is used to compute the

minimum and maximum values independently for each participant.

All features measuring durations (e.g. mean or standard deviation
of the inter-keystroke duration) are normalized by subtracting the
minimum and dividing by (maximum-minimum) independently

for each user.
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6.3 Model

To estimate whether a user is going to achieve or fail at their goal
of remembering a certain number of digits, we used a statistical
model which takes multiple features described in the previous
section as input and outputs a binary label where 1 indicates the
user will not meet their goal.

We used a random forest algorithm after early results (not
reported in this paper) showing an improvement over other model
tested (included KNN, logistic regression) and assumed that the in-
built feature selection exhibited by random forest is responsible for
the improvement of performance compared to other models. In this
experiment we adopted a randomized search for the selection of
hyper-parameters combined with a cross validation scheme.
Further, to minimize the impact of overfitting due to personal
differences we put emphasis in selecting folds such that data from
participants cannot be both in the training and validation set.
Additionally, we reported results where data from one user is
exclusively used in the test set, this means that for user i in test, we
trained the model based on the remaining 10 users, then we

repeated fori=1 to 11 and aggregated the results.

7. Results

From the computation of features related to the task where users
remember a combination of growing length, we evaluated our
method and reported results about the feasibility to predict whether
the user will achieve their goal (meet their expectations) or not.
At first, we focused on each iteration separately. This task is rather
ambitious but constitute the fundamental building block of our
method.

We report the following results in figure 2): samples where the
user does not meet their goal are labeled as 1 and samples where
the user meets their goal are labeled as 0. The rows of the confusion
matrix indicate the true label and the columns the predicted labels.
We report the accuracy as well as balanced accuracy which is the
average accuracy per class, we consider it is a better indicator in
case of imbalanced data sets such as we have here. The models are
also trained to maximize the balanced accuracy. For the rest of the
paper, we report performance statistics rounded to the fist decimal.
Figure 2a) shows the results for the basic model with no
normalization. Figure 2b) show results with normalization where
the user goal, iteration number of current number of digits are also

added as features.
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Figure 2a) confusion matrix without normalization
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Figure 2b) confusion matrix with normalization

The results shown in figure 2a) confirm the feeling that the
problem is extremely ambitious. Without normalization the
balanced accuracy falls below 45% and reaches 56% with the
normalization scheme. The improvement in balanced accuracy is
substantial, especially in the latter case recall (41/136 = 30%) for
class 1 is much higher compared with the former case (10/136 =
7.4%), however it is still much below 50%. For class 0, that is,
when user will meet their goal, recall is 85 / 389 = 78.1% in the
latter case and 319 / 389 = 82%. The results obtained here confirm
the hypothesis that absolute feature values are less meaningful than
relative values and we keep the normalization scheme for the rest
of the analysis.

To verify our claims, we then evaluated the performance of our
method to predict sequence labels, focusing on making predictions
at an early stage (when the number of digits is lower than the goal).
Due to the low number of sequences we decided to harness the
iteration labels instead of computing features at sequence levels.
However, with binary labels the information loss would be too
significant, so a more fine-grained approach is preferable to predict
sequence labels from iteration labels. Finally, for ease of
comparison with the results described in figure 2, we output the
sequence classification results in binary format.

The implementation steps are described here:

Step 1: modify the iteration model to output 4-class labels (LO:
outperformed goal by more than 10 digits, L1: by 5 to 10 digits,
L2: met goal or exceeded by less than 4 digits, L3:user didn’t meet
their goal).

Step 2: obtain the 4-level labels for the first 5 iterations of each
sequence and return the maximum value as intermediate result.
Step 3: return to a binary label by converting LO, L1, L2 to label 0,
L3 to label 1.

(©2023 Information Processing Society of Japan

true label
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Figure 3): sequence level results

Figure 3) shows more promising results with a balanced accuracy
reaching 66%, also recall for class 1 exceeds 50% with 8 / 14 =
57.1% but decreases for class 0 with 39 / 52 = 75.0%. The results
obtained here show that it is possible to obtain better performance
at sequence level by harnessing the results from the first few
iterations.

We consider further tests with larger data sets are needed to
confirm the reproducibility of the results and improvements in
terms of prediction performance are required for various

applications.

8. Conclusions and future work

Our experiment results indicate that it is possible to infer from PC
interaction data the first part of our overconfidence definition,
namely 1) the user will not be able to perform their task correctly
or solve problems correctly.

We need to address the second part of our definition of
overconfidence, namely 2) the user is confident of their future
success and do not realize they will fail. We consider this may be
done using a questionnaire, when the user is expected to be unable
to reach their goal.

Overall, our vision is that overconfidence may be detected early
enough to modify intervention strategies, benefit users and make
significant impact for all sorts of applications. Future work
includes various steps towards the realization of this vision, for
example the implementation of the 2-step overconfidence
detection in real-time and the evaluation of countermeasures for

different applications.
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1T T DB EaHLEZRIRRE LT
Ty ORRBAEDI-HDREREET A E

W 28 wae E— HF HE K = * I B * R E e 5h.z
JIE > RE R L MIAH EH HH e F & By st
A2 NTT FaE* FUN R BEIEFR AN
($—7— K] Fvo, Ave>Fa7, G0EE, THREE, G049 4 ¢
1. ZC®IC FySIHARBEDERS LT 4 TRERE

2019 4 12 AECHEA L H a v > v 1 L R EGYE
(COVID-19) &, 2023 4F 1 ABE D IR D 7@ U asii7
(1. BER&BIRE, XT 4 7057 a—LilEe~
RV EREOBIYE T ESHERI ATV A1, I
X —DFEM IE OB A S EAEFEE X D 3 BEEE [2] AiHE
BIXATNWS.

FZHBERLEREN T LY — 21T X 2500t o =i
FET B e BHEBEL TV D00, HaRIAEE Rkt
2 7z DI IIAHIENIRE D B D, ERGREFLK O] &+
ERFEHOWMAEETH L. —EDHHEND BH1IE
T3EDPERLBRVEIICT 27-0121%, EEGHT O,
FWIZ 2 L BMESBERAIRTH 5. BRI R
DO FB e LTk, FBIRE R HERR A I o JRMERR RS
HOEPMEBIETDOTA 77V VEREZLNE. OF
D, TS DITEEREMRT 2 & THR KD IRME % RN
EEBZEDARETH S.

Lo L, BHEEGEEE B LB R 202 TE+5
RATHERZRT 2LV, ITHEEZR T DD
Rk DD, ALYy T 4 734 ICLBBDRAD
DECH E AT 2 THREEOTETH 2+ v ¥ [5]6][7],
F= LT RN =BT — LHUNCIERAT 25— 3
Tulr—vay 89 b, HELX LTI, ‘2ot
LT3 L WIRKEZE O,y O THANEMEIES Z
ERSHRSATHZRT ZEAEE L.

—HT, FyPRARETRVWIEBHON TV, FEE,
“F o DENERDH B DDZEDRBIINIV & EZ B
EH¥ELBD [10], BT v DOMBZ T IIIRADH
B e Twa [11[12). 22T, XOITHER%R
RE7=DIZFy VRFHOEN, YT 4 TRMAED
BEFEERBEZ SN, EBICZOMHAEDLRIZEZNAD
ABEIMEIEE XT3 [13].

FoIr A vy T 4 TOMAEDEIIEE L RIGHETIH
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| pEROREE
| BHFIER

TWMERIC
EYz<w

2 - e

FTYDITA v T 4 TREMABEDENA

1 A2y T 4 7RHASDLERT v POREHED
7= DEFERFTA X —

FA[EE— 5T, HAEDLEBIBDA v 74 TE#EC
BEUTO3E2ERTI2LELDS. £3 1 8HIF, 41~
YT 4 TOMANEL ZOHEPKEVL VI HTHS.
BRINCIE, 4 YT 4 THRENGERMD TH RV
BEEWVTHERIRIIFTE S, £, D TRZWVWES
FFy P BB SSVERTITHMERICES DTy
POMBRENEEE Y 5. 2 HEE, V- RSBV
TAY Ly T4 TRBIERTHZ2HTH2. LT3
B, 72V Y708 [14] 8=, BINITRKENA by
T4 TEERTDBIETA VLY T 4 TENXL LD
TEHERMRENBPLTLES. Zhs 3pkERLIL
THy POMBBEEITAZ I L ZERKZTHELEZ 5.
ZFITERBETIE, A vy F s TRMAEDEL L%
HE LT v DORMRMREEZAT S L TOERBREHiELRE
£¥ 5. BEINCE, 402274 TOATHHERAERIT
5372 —ReF oI A vy T4 TEREAEDETHERE
HEZRITS 72— XD 2 BFEOEBRZEItTH 2 (K1). T
kb, FoyDRXBTEERMER LoRMEKL D
OITHMERLEZAL vy T4 7BERELLLET, Fv
COMFMEEZFIREL T 5.

RESNIRD XS IR N5, F_ETIE, FydL
AT 4 TROVWTHRR, FE=FBTFv Ity
T 4 TERMAEGDEILERFFHTECOVTHL . FH
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BT Z DOFEFRGEHTED T 5= U 7= FEIEERIT O W Tl
L, BRICEAETRMLICTOVWTE LD 5.

2. BRER
2.1. Fwyo

211 FyPoBE

Richard H Thaler 512 & » THIEXH7zF v ¥ (Nudge)
2iE, WTi\ES oK b BEkERS, [TE0RETVE DR
Wil 3 2 Z e R HEMICYARHRICE > TEE LWL
TR T A AR 2R T [5).

F v DHERIE, ARSI LD EHINIITE LRV
HOTARK 22 R T2 C V3 3 BA TR e 7 A\ P O AR5 15 Bl % 526
SBT3 Z 2 THL2I2T 3 & WS TR D4
ATHRBINLDDOTHS. TOTERBEFOEML 723
@73, Daniel Kerneman & O1gMg L 7z B FEEGE [15] T
bYH, TOMHICKDZ e ADEE, EHLE, BEREIEX
20DV AT LIHFEEINS. 10@ A CRIER, »
OHBIMICUET 23 2741 THD, b5 —23HBHN
PORHINCO > DILHINE S AT L2 THS. OF
D, KRZDI AT L2 TYHOHIMZITS 2L TEN
X, NIEHEMCE Z e TE 5.

L2L, ANEEHEOHRTHREA R EERE LT8R 5 2
WEDRBH D, ?NT®%$%%EWKM%T6 & R
TH53. 2Dk, HEDERLEEDRIYD S IXME
ﬁMK/XTA1®EﬁM@k&5LZ#§<,G@WT
BRWVTENCE->TLES. Y2741 BHEIRBIZE
BEDRBRLICEREZR—FT, K LTHEELEBRICE
WoTLESIHEEDRD . HlzX, EHHE WS SNS I8
ZERBRHETICE IR ERETH 5.

ZOEI, PRERFHOBRBIETHERMTIFELL
BWTHIZIToTLES 2B H 5720, NFEMMTY AP
HRCE > TEE LWHAANTHERZRS - v O0HER)
ThHrrINTWE., ZITHELEZVWDIEZ, Fy2iEd
RETEADBEIRERENT 2 222 K ROBERIES
RBIFHEOZLTHD, FMADPFHREHZ Z 2 mtta
HATEN 2 REICT 2 Z e 2 B85 R T v (Sludge) &KX
Aahs.

212 FyZofl

F v DFEE, NOBHINA 7 AHDEKFIN5. 38
HIANA 72202, FFEOBRES 2N ETORER, HEERFOL
AL 3BHOFOOZ v 2RKT. NZZ0RMOFD
WEDIESHNAERREZ L TLES D, Fv IIEFEHA
DEAZRBTE2Zo03 252720, H25VE, ZORH
EMFIICED XD BOWTHZET I 2EHNELTWS

O LRBHINA 7 ARTER LT v D34 H 50, K
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L TIERBHIANA 7 RRZE DL A v =DV 7 (71 —3
VIR RS, 7L —3I VMR, BROEROM
FTRITWD HZEDPECZ AL TR THB. F0IZ
2y, NEHIENCEMTH->TdH, ZOFVHELITELD
HIZ 82, flziE, UTFO 2 00OXEIIFEMTH 37
HELLZRTHRAMRDBEIRRTHLEZONL D, F
BICE DRI T 4 TRRETDH 2Hi1# % BIBED ST H5HER
EHEW [16].

o itk 1 » ABDAEFRIZ 90 N TIBFMLETH?
o fit2 1l » HDBLTRIZ 10 W TINFMLFTH?

213 FyPDFE

FOYRVEREREERMET DI, HATEREGEDHAR
fiF v 2=v + (BEST:Behavioral Sciences Team) %
H R, RECBIT 2B HiE e HEE S S M, Hiia
BFYANANEICBIT BTy VOIEHDED LN TNS.
:@;5&,%%W%F%ﬁﬁ@#lw HEEFL TR
[, BBEHFOHRFEBRIICHENT TF v O OHD fHADHHE
LEdohs— 7'7—'C F v P H “Cbifot SENRD/NE W
EEZDRFFED DRV [10). NoRERE R, &Eh
TV IR, EHEICKE (ﬁiﬁ?‘%t@, “Folk
BIFLT2” v JIRERRYH 5.

2O L7 L, v PDRMREEM®A W UEHEn
BER DD TN XERDF v Y (Beyond Nudge) 23R
FICHET SN TV DD, ZOERIFIEBEHE L ICERDY, %
REREREREEERS.

2.2, Aty F147

Aty 47iE, NOBERECTHELRIES
N LB T DD DM ERST. 1 vty T4 7
X, SEANZWENA VYT 1 7 IESEI R A4
vervTaT, N4 veryT 47, BENA VYT 4
7, HOEBWNA 2>y 7 4 785 5 [17]. RwX T, #&F
BN E 52 2 B8NA v T 4 7RIS

AT 4 TEHEFIDODDRXI v —RFIED 1
DTH Y, PN, EETEOMMER Y, RAVIERT
HWHATRETH 30, [TEEREZRITICEZ A vy T4 7
B2z 0EITHOEMKTET 2 2 3HLATH S,
TS 2178 & FM L K2 B F 2THICRER
Aver74 7RIFERDY, HNKGLA Y2y T4 7
RADBRETH L. %72, A vy T 42 THRBERBERTH
b, ROoWFEETRROITHMABTMREEONE X S1IC
BEL L TWS e BEETH .
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3. RERERE
3.1. FrydrartyT1 T E2BAEDEBROFRE
FoIPeA vy T4 TOMAEORICEBIT 2HEELE
WD EWTEIEERPRIN S, EE, HAaEbERLN
NI & BATBNAR MR E WAL L 2R WL ODFET 5.
BlzE, =7H I A RXTar 7 ANOBMER TR
BT, SMEEDEENT AL 10 %D NI 20 KL DR
BEZohdaryiiu—#fr zhucty DERRHAS
DU THEBMIEE LT3 [13]. ZOMIECBWTIE
FoPORETEREERBATETWEZDDD, £ty
T4 TROZYHICOVWTIEBIEE A TWRWY. DFED, A
YRy T 4 TR 20 RATRARD-1RGE, FvIDHE
THREERWERTE R - AL D 2.
CITOFEL LT, A vy T4 TEPEYTRWVWG
BlE, THEBENENA VT4 Tk F v
X2 DPRIRPME Y 72 28 THB. BRI, 4>
YT 4 TERPEDTEVEE, Ty POFMICESTIC
BEWIERTITEIARICED, Ml ThiRwWgEE, 1 vt
VT4 WK BMBIA ESARFTERS RS, DFED, @
DTEVREDPLBRVEZHRLZLYREDL VYT 4
TERMAEDEEF Y VOB ERERETH 5.
AKEZDEIRA VYT 4 T F v O RMAEDER
WEEE, 7> R ALHEEEBRICE DTS 2 e FEL L. L
ML, 4y T 4 TORBEOBE Ny, v OREO
% No 2358, BAEBEEUE NNy 22D, —HEH7=D DY
VINHA ZDPNS L B BEEL TR > TLEDS. F
WX B Y, BUBRA YT 4 THARMINETETE
D, ZORHEORE N3 328, (N — N3)Ny 72 UH%E
BHEHIR T 2 2 e DSATRET H .

3.2. RERREAE

KREBRBEH AL, A r T4 THBOMBEEE 2 /-
RN F v Y ORBEEEREL T 5. BRMIER 1
DIED, 4T 4 TOATHREAEZITVHRNIIGL
A vy T4 TRERETBIERY, A VYT 4T
>y VRMABDERZMBHED 2 007 = —XTHD
AN

BHID 7 = — X Ti&, BOITENIN S 2% 14 vt
T4 TRERETZ1-OOMBAEEITS. 20Dk
HIARVEDP LD IBELVEEFTHRARA VYT 1
TRTHRBIEEZITS. 2O, BUNCE X 2 WA %D
REREICEERRIET T o h 0 5% [14] 238 < ATAE
WadHs. 2Fh, RINCZWA VT4 7RIBRLE
BE, BOXDDing vy T 4 TN AITHEAR
WIEMSME R T 2AMREMD H 5. 2 TAHAEETE, IL®
hnwAs vy T4 TRERL, REAKA VRV T4 T
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BEWMXE 3.

AT 4 TOARZEDNMAMRE D LITHEY KAV
U T4 TEEEIRNT L. IR, vrIeEYRA v
YT 4 TRTHy VOMBBIEZTVI2WEE, 1 v®
VT4 TREOITHAESREMMEYL U, BIEISEWTEE
BROA ey T 4 TREZBERT I EZOND. B
S—oBfEETR L, FyYRMAEGDESE LT, M
HICREL7ZA Y2y T 4 7OARDNA L AF EOTTHE)
ERNBPREAEETDH 2 L WS RMOMIAEE T W0
T3, ZOBE, 4 vty T 4 TRIEDITHERRY ME
L, BELTOITHERRDA vy T 4 7EEZERT
3 THGEEZATREL T 5.

RD7 2 —XTUE, BRLEA VYT TRBICF YD
ZHABDEENAZITS. ZHICED, A2k F4 7
12 & BATENERSRZ Ik L7 LT m R F v Y oRhR
MEEEAIHEY T 5.

4. RE&
RETIE, 53 EORNERBE S EICHES S EHL
7= HEFEBRN RIS O W TR T 5.

4.1. SREIREEIE

NTT Faer AMKREEZ, anFiicsd 2EREENZ
B LIATEIER 2R THIAEER L N KFEFEF © >
PNRZT2021 4 A2 5 2022 1 AT THEMELE. B
KNS Y F XA 2B ZRMAEZFEL, F v o8
ZNIZH 2 EBOREIET S > F X4 457 (11:00~12:00)
F 73 % (13:00~14:00) WHffERT XA LT N, TV
FEA L (12:00~13:00) 14— A Y TERLTA TV
FEET X v Y R—VIHBROBE 2T R o7z, 1B, HWHRE
EEAEBRANDSIERE L 72 M KFEDHEAER 1,500 £
TH5.

FAEEBREM 7 7V BB TF v o R— VU EREPEES L,
WBHREIRA LY T VERETA 27U EfT522Td
RA Y P EZFBNS. [TEIRE->ELDOERIIK 2 O
h, 77V DF v Y R=VHEHEOD “BINT 5" KXz H
T&, fBEORBMIONTRIEMICREZINZ QR 2 —-F%
2% YL, A= M YERETAIZT7VIETHIET
H5.

AREAEHTE, 1>y T4 7 LTAdRA T, Fo
P LT PUSH BANC X BFBHANAL 7 AEER LR v
LU OMBERIL L. FOKE, Fv POMBRED
DICEBOBHLS 2 HEL, FRNCHEBRE LI L.

B, REFLEFEBRINNRKEMHEZE R DA (A%
5 U RIER 2021-08-1) 2%, EfLZZDDOTHS.
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(1) EMERBLBOARS AT

BERORAVE E 25

FYFRALDNE/ILDIF ¥ R—Y
FRA=H = fToTHLT |

#1 PUSH@HIXE

PUSH @& A L (Gi@)

(3) fTRER
. ;
o ) @ﬁb
TFAOFIFT BEERITI-RET
Ra Y FER RS FER

X2 SFEIEEBICBT 2 THEA L TN

4.2. WEEHE

ABFEZBNT, 4 V2T 4 7OBDMRAEEITSH
—7x2—X% 2021 £ 4 H~2021 £ 8 H, F v V&AL
DEEMBAEERITIE 7 = — X% 2021 £ 10 H~2021
11 AI2FERL .

H—7 = — B A4 > MU [1, 10, 50, 100,
150, 200] TH b, BERTHEA > M EEWMX 7. BB,
HZeDORA > ME (1, 10, 50] DXk 5123 2KWL 2D
DLYIehkhoTEBY, ZOLYINTHI & DEAHARA
VEET VR LTERL .

F—7 2 — XDMEFDFER, 1 KA ¥ b TIIFL A YITE)
BRERERN R o72. ZOd, F_7x2—X
BT BEA ¥ MIUZ [10, 50, 100, 150, 200) £ L, F v
BB DR MRBEE 21T o 72 (K 3).

F o DRBRBHANATRAZER LA v =Y VIS
MALEHL, 10 H, 11 AZHZ2NT 3 DOWMEREZ T,
# 1 o bh O PUSH @HIA 2 BAERE Z 2 IcH L7 7=,
BB, A7z—XZBVTH, EZLHDIBREDPRVEAL >~
METEIRL, RAIHEMSET.
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£2 10 AZB 2B HEDITHERTZERDTY

MREERE 5

‘ week1 ‘ week?2 ‘ week3 ‘ week4

a ¥ b | 077 1.03 1.11 1.08 1.00
" —)v

+v>1 |0.89 1.04 1.38 1.45 1.19

Fwvr2 | 0.74 0.94 1.20 1.13 1.00

&

£3 11 ACBU 2 ZHEDITHERZERDF

FREFRE ‘ week1 ‘ week2 ‘ week3 ‘ week4 ‘ ¥
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a—)v

Fv1 | 090 1.02 1.55 1.80 1.33

Fwv2 |0.73 0.63 1.20 1.30 1.00

FoP) Faryrue— XD bEMITEEERN
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ERBRIHEED D %
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TEMAGDE S L Ui LT v YHROMELICE
WTHEEODHLODTHLEERD.

5 F&&
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BRA YT TEEEL, ZAIRESEF v OVRiA
BOREMEEEITO WD 2 BB O KB T IEERREL
Jo. ARBICHSEFEBRFEFEIToan FMIcBI 2R
MEERE 2R F EAFEBICB VT, F v I ORI RMEEE $R
FNCATR Tz 2 e L EBRICER R F v POMR MR TE
s, RBRIC X ZEBRHEHEDEITHL 20D
IR RE N7z,

SHRIFA YT 4 T F v I EMAEDE I RMRGE
PUTRERL, ARV T A TREILDF v INNIETH
ZErHoICl, X OITEERZREY 3 RolbFEEMET
LTWERL.
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MRREFICEH OEE R T,
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SERICE T B DX HEICAITEY TS

L

—EBRDE Y 1A

% A M et A RT3
A S UACT  BRAESth UACT  #RUEt UACT

1. FLHIC

(BOUACT X, 7A=Y LOBEA—H—ThbH. Yt
T I T D EIEHE L, 5 =YK PE 3§ (third industrial
revolution, 3IR)DJEIEEE B Bhifil i {kic X v A pERE J) & IR
B LS TE . BUER, BB S L& OFEMKIE
3 My (forth industrial revolution, 4IR) & FHIZN 2R TH Y,
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AV ML, EEEBICA L EIN~NNVZADORF LD LT,
ZORER, 5 OWile EOEBIAEMEESLHZII SN D
TR L2570, WBETIIRERESHEEL 2> TN 5.
SCEEMEA O T AR R E A ORETTE) - R8RS
RS LOREICE T 2AR R Itkd L, Wi
DORRAENT 615,351 1, BRIFRBLEIL 705 & VWi
HPRR CFIAEEUE TR EREETZE LTV D[] E
7o, EAETEAE O TR0 =42 FE AR B 57 @i SR il o i
TRW Y 1Tk 2L, RE LEOMEBS7 80 4 ok 50
284,139 & Rk IR LI Tl B m & fifk L T
0, FRICFEREBR I TV - HERLE ) BT, ¥
86,034 1 & 24.4%% HH TV B[2].

INTARA Y MIRUTIE, B A - sHSE 75 2 en
WELEOBERRFERLHSEHERERTHD. —FHT, H=
FTIHANT AR 2 DS DO K OFE AR O HE 32 23 i
LWZ EMFEEE LTET DNTWA3]. Zhuidk, SGHE
EENNLOE TYZEEDN, —CERICHDIENS DT
B L TLDEOEREBR DL D] L WHINE TR
STWVBAL DT, NT R AL b SES O LB 72
WCESWTWAEZENERNTHS.

VI EDOEEMNS, ITHEITE T S AR AFT
EHLIThRoTZZ LY, 7T R —ERERLY
VITF—A, BEEEEIER L, NT AR MTAER
HTD720OT A UBRFTETND[5][6]. £lonT A

I @R K22 K2R T4 e R ) - Hilf > X 7 & T4
Department of Information and Control Systems, Fukuoka University
2 @RKE LT LR
Faculty of Electronics and Computer Science, Fukuoka University
a) td216501@cis.fukuoka-u.ac.jp
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AV MEHFEOE TIE, TROT A 22 HNTIEL
Ty T =200, NEFENT O TN T LET )
D XD BRBESIRER L IR ER L 5T DN
TN TWHBIT8]. LinL, ~NTRAAL MIEEB SN
TrvarvERISROVRY, BEOICHET D LI
LW, AT, ~NTZAAL FOEREDL < ITHRHNEE T
HY[1[9], HIEHEDOBRHIZT TIEEZ DT AA L
WX T & 7oL,

T, AW TIIHREE OOMERE EIINT A A
N EBRHT BT E T VOMEEZHNE LTS, D
HERITHRDO T =7 57NV Y TRETE 5720, H
WOARNVAHEETHEH I TS, 5L, AMLAX
PeEFR B H ORI EZE OB TNAT AR M E#EZ
L7128, WENREBRORHAHFEFTE D, 1, M
REIFE =DM AR OEEEBENERE2RRT D00
FIWATBHC 2 VRS, 7272 L, BELLATbh TV L
EETFT —F M- R b U AFRRICET A R5EIE, BRIk
AR NV RALRZT-ERRENETH S, 207D, #
EHZOMKEBRORFERTHDHNTAA L MIEATE 2R
WHEESER H D Z L nh, NT A A MO EBIA b
L RZDWTE T IV O SRR O IS 2h e Fe & &
HETHVLERDD.

APE T, BAFERICER LT A A R e gl
M2 7 %5 VR By % B L 72 # Bt & © ECG
(Electrocardiogram) % 2512, /T A X MNMEEDOKRTIZE
AR ORMELZ ST 5. 7220, "TFAAL B
DAEPOHWNEL, Feak DB Y #EEE O FE 7RIS 23 EL e
LipoTND., ZD7®, NTARXY &) HHEERRE
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DT — 120 CIIBRE O EBFH N B E SN TR 5T,
NG AR MEERA O LA E) 2 IEHEICTHE TE R,
FITARERTIE, HBREICEBA ML AT U — N EE
ML, 2ERET —X KO, @A LVAHRET —%, &
A MU AYERE T — 2D 3 FEHEEERL TWD. FRHK
BN TIE, BERT — % &2V THEE L7y E T
MZHF L, LHAHDOS LR TEM Lo o ERet % &
2, NTAAY NOGEICHEET 2RHEOHRAE DY %
R 5. LA o5 LKL, ZhE TOMFEARE
[10][11NZFBWT, BB TR % 5 LR WA E
NEEBTREHGTIARENREZOND Z 0D, U
FICRHEE DM AE DR EZMET HOICHEA L TN S.

2. BEWR

2.1 WEERADNSTAAY MREBIZET 381%
WEBERETONT Z A MRICIE, HEHICETS
T—APKETH D0, MEABED DR S iF5E
170, ZOH T, Ferdinando B, ®AMaEG (17
Lo, ¥y 7, 350, giroOM LT, Bes
DF B Y) LIRERNNRES GED, B, BEEED
WY, Ux 7)) BNFEICYIaL—REELTE
THUG L7z ECG 1, 6 RO Y TN TR
THAREME A REI LTV A7), s kv, EEE TN
WWERKR L7enNT A A VEEOREBAHRI T 5. £
Vasileios © (%, 5#1# ¢ EEG(Electroencephalography)> &
U DN RITR 2 FeE " DA & 4T > TV H[12]. EERT
X, WEDOEFNTEES 5 EmAREIC K0 KEE O
FRLTWD0, HEE ORI 1225 < OREREICE
FTHNTAA L MEZEPBNTE L. — T, ZTh b
FIIWHEBZOEBEREENTE LT, NTAA L NEH
ETHHEENDIRN. ZOTDARYIETIE, PFE oG
HIER NI DT /S A A TR C & 5 0 AFRICEREZY
T, FBMEOEZENTZT —FEERE LT, ~NTAAV |
OB H e Rl EE I+ 5. Fe, FBHAMLX
I U7 B R4 TiE, SO R DIBIR S i
B E RIS, A N UABUSOEBROR & o BE M & He
BT 5.

22 BAERBICET IR

JEIG RIS AL, HARSREAEE, E{GALE T kR &
RO THIZEAMTORTE Y, ECG # AWML &< 17
ET 5, TXNEOETIE, B3 8 OREARKE
<2, Russell DHEBEETNMICHES EBKRITE, TOEE,
HE TOFEFKL13][14], HRODFENS T ~NAFHT T 5
[15]2 & T LT\ 5.

—F T, APMVRAZRENEE LTIRATZA MLV ATRHD S
PpClE, SRR B B BRI, B A X 7 REORN
ZEOHT LT, A MLV RREBEZFEL TD16]. £ L
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T, WETF—X%2RKICLT, 7I7AZTLONMEBEICL -
TR E ST SN 5.

AAFFRITENE GBI LD, T AA L MEEIZBIT D A
FLREFRLTWD., ZHUE, RO R L AFE#OE
BRARRE & 13 R A2, ERIEREREAROTIETHD. Tk
W, NT AR MEERAOKRE THHAREMENE 2 bh
5. BT, NTAAY MIEBRA N LAY
THY, WHREOEBOBRA N L ARKRNEEEAT —#
LLTHWAZERTERW., 2078, ERMRZ ML
AZEBICE DB EL LB T 5281, ~"TAA b
BHORNEE RTEELRVES.

3. ECG AIEERER
INFGAZAVRNXIFY Ty 2ADar v Mk - 728)
B2 L TV D HBREND, ECG T—4# 259 5. &£
BRERICHZD, BEKFEICET 2mAEZESDOKR
G RERTEILINE TOMSE[10][11] & FEETH D03,
WBRB B O T — &2 ORIRNBFE 2> T D,

3.1 HERE

wEE L 164 (B 124, &tE44, 218E1.6 ) ©
BE 72 RFPERDPRFEFRETH D, ERICHIZD, BEN
FITRETIRBET, HANEBERED Y 27 L EAEHO
vy, EBROFREMENZSOWT ol z21Ty, FHE T
SMORE A5, 2 LT, BER® 6 FEiIh 7 =1
KOT L a—LOERAEEL L. BHBREICIT S1~16 D
T EMFHELTWND.

3.2 MIEAE

ECG D BSIZIETH AR D AL = > 3 Polar H10 %
M U7z, ShE(w s, ShmRef)iL, ~7 2 A~ (VR,
166 #), U v 7 A(VR, 601 #HD 2 fFifEEZHE Lz, &
FE TR DUCRATE 5 X 92 360 £ R D VR B %
A L. ~TAA L NENEL, EAEEE DR L T
HNT AR NMEERBREIE[17]CTH D, HFI RITHL
TRONDEED, — AR TONRT =T Z AR
WEEHRBRTED. e, V7 v 7 AL OWEED 5
BECTH D, HEEESE L LT, VR~ K& v b Oculus Rift
S X Meta Quest 2 Z#fFH L7z, EBRich=0, [URDOE
{EIZ X 2 DA~ DRI & BT 578, EBREOZEFH % 25C
WCRRE L7z ECHIE 2 i L7z, R it v &8k
HL, E=FL VR~y Rty FRRE ST A 7T
MOTIRIETA 7 4 AF =TI~ T-. BIEDHETZX 1
IZRT.

FEAEE O FBA N L 2ADT oy — MEE2F 115
T, ART U= T, NTRAA Y MEEICBT BRI &
REELLTHEI 12D, ZEMRA ML AOEAIZE XM
2 THEMLTWA. 77— MoLB5H0E, 1.2< A b
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Dt oY
A A—D

Polar H10

1 VR il {ARE SRR Ok 1

F1 NTRARA MEEERRBIBEICNT 5 4 BRI
| A b L AT

1 B ARNVRAZRK Uo7
2 HEVAMLAZRE Uo7
3 HLARNVAZKLT-

4 MY AR L AEELT-

VAEBE U ol, 226 FE VANV ARAERKE L2 oT72, 3.
LA RNVAZE U, 40720 A NV AZK LT, O 4 B,
BThs.

WERFIL, NTAAL b =D T v 7 ADNEE TEE 217
HEL7=. WO ZERET 2 o, EBRIC K 20
WELZ ey M50 1 KEHU EoM@EE 2. ~F
Z A v NENEAREAS L, FBA L ADOT vy — AR E
L.

4. FEEHE

41 ECG T—4DHIYHL

ECG 7 — & QBB B~ TAriEIE, ~T A A FE)E
DG TINEEEOERSIHFERBE~TFAEKLT 60 i8], V
F w7 ABE OGS TEEOFARRG~BEK TR Th
5. FEMO ECG 7 —# FEf % LL N ITRT
CNTAAUE 1928

VT TR 6017

F72, FEHEO ECG 7 — XX L THTHIL, 17
SO EZINE 60 7>, AT A RIF S8 LT,

4.2 BH=E

AT T — % Th 5 ECG It LT, E—2fKtaEHn
T RRI (BT 5 RUEOKHIMHING) 7 —# it 2. #i
SLEL L LC, RRI T —# @ 400 LA F 2000 X VR LL ED4n
WERE L%, FH 0581 DL 21T 7=
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#2 RRITFT—Z a4 2 5%

R A

RRI R-R A F[ms]

HR RRI * 60/1000

LF AR B 5y

HF Rl AZ AR 57
LF/HF AR DO VE R B Sy
CVNN RRI D2 Eh{R %k
CVLF LF OE BRI
CVHF HF OB %%k

£3 FEEREET 5720 06t

R B
mean Y
min S/ IME
max e RAE
range max —min
var Valiid

AEBRTIE, RRI T —X 05 Fiio> 8 FE OH% (£ 2)
L SHEOMGE (% 3) ZHAG LY 40 FEEO ¥ E
FREM L. ok, BEHT — % THDHLF & HF (X, RRI
T—RIZK LT, AT T A A% 2Hz TY T Y T
L, ARIEICEVEH LU =27 ML ThHB. LF T
0.04~0.15Hz, HF 1% 0.15~0.4Hz O EREEHTHD. &5
2, TELO 3 FEEAZEML, /i 43 MmEOMEEL 1 3
IO EHEHT 5.

+ NN50
BEHi3 2 RRI OZEH 50 2 U RLLEO#KREK
+ pNN50

RRI Oz %35 NN5O OFIE

+ RMSSD

B4 % RRI D7D 2 FIFHOFHHR

5. FHMEAE
51 ERMER FLADOEEMEIZDNT

FAITHRE T —F OEB A b L RIS A & &S Y
T2Y OANBNRERT. EBA DLV AFEESS2S 3 LR
EEARVAFGREB2LUTEEA FLRLERLTND.
EBARLVRALERA N L ADOPEREBDOEN 24 THDHZ &
D, KEBITHRE ZLICA FLADR U FITERED
TWDZEPNHALTWD . 25RE O MR Y 2.75
X, KA P 2AOHEREE EE>TWD2, A ML RADHE
YERTECTH DD, EBIRA ML ADESW TR L
25, £, AEBRIZBOWTER b LA &M L 7= &2
04 ThoTz.
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52 BEBPFEETIOEELSERESESE

# 4 WHREOTBLA L AFEME R & AR
P AR HERE L
e
DR 2.75%0.75 16
2 | 4
A MR 3.33+0.47 9
s | a4
EBARLA 2+0 7
7 | o

FE s T 7 WL, B ol LT, ThT 2R
YR ETVT IR O2ESEEITS. BT VO

(R AT DR TRIE, IREAREERA L. el
LT, ZNETOMEO[I]THLNTEROTT, K
FEBRT —ZIIHBET N LR LT, FREET L THD
RERDGERBERSVERTH T2 ENFTOND.
F7z, 53 BETHRRBT D RMBIRFIEICKWT, W CIRER
FRDTUHNT F AR E R L CEHEROBE A RN T
. B, WERDNATIA—FTHLIERSITAITREL
T3,

ET VO AE DL, Harassment-Relax(All Subject) &
Harassment-Relax(High Stress), Harassment-Relax(Low Stress)
® 3 HETH 5. Harassment-Relax(All Subject) T & 5RE

(164) OF =X xRN TEY, BEHRNT ZAAL M
W% 77 ¥A7 % . Harassment-Relax(High Stress)iI AT v o —
RTAT AR MV Z & A b LA LRl L 72 giiE (9
%) OF =22 TBY, FBMNREA L RAE2SET
%. F7z, Harassment-Relax(Low Stress) (A7 >/ — KT
NTGAX L BB ERA B LR LR L ERE (7 4)
DT =2 ZANTEY, EBRREA N AZ0HT5
BET VDL EREE OFE IR Flscore Th 5. 7272 L
Harassment-Relax(Low Stress)iZ- 2V T Relax D53 ;E”EFT“
WCHESREZ Y TDH=®, NegativeFlscore ZEMT 5.
NegativeFlscore I (3) XTHET.

Specificity = v ¢y

pecificity = FPLTN

NegativePrecision = N 2)
egativePrecision = oo

2Specificity * NegativePrecision

NegativeF1score =
g Specificity + NegativePrecision

SYFERE BE DA R FE 13X Leave-One-Subject-Out  (LOSO)
ICEDREMFETHIEL TS, LOSO IZ7—# v MZ
BUIAWHRE 1407 =227 A NHLEL, &0 OEBRE
T2 EMHE L THERT2RERGEHETH 5.
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53 HEERRF

AWETIE, LA O UER TR L oERERE
BRI, HETNOWBRERNOHMELZRINTS. L
HOXULERIY, SMLEDEERIET S 2 & TRl 72
WMEEZERTIHETHD. 2120, 43 MEOKMECR
T HRMAAEDEOSEREZREMNT L Z L ITHEERS
<HEELW. 207D, 1~4 FBHEOMRAEDOFIZIRE L T
HRERGEZHE LD, EHELE 1~4 BEOMAED
ﬁ%lwmmk%ﬁﬁé.it%ﬁ%@ﬂﬁ°%ﬁﬁﬁﬁ
DWW TIE, fl%*?%ﬁ(%ﬁ%ﬂ#’*bﬁ Z SYFEREE %, £ kind

ZA3 T CRERIEIZ Y — Ltﬁpﬂ% , BET NVTHENI R
@E&UALIE%JCE&'?”E) ZETEETS.

SRS BRI B KT T NITHE D R B R O R IS
720, R TH HREBER oL EL ﬁﬁ%*ﬁﬁff%
VERHDH. O, RAEBEREE AT BIE KR

(VIF) % Z BB MEOFTMARE & Uiz, VIF L4 FFHEF
TORHEGREE R & LI2BE, 4) ook,

VIF = 1——1122 4)

REMCRR] L oD 5 T R oD R RE % R D B EL MBI VIF > 10
E L.

6. FRM#ER

6.1 FETILOSERET
HETNOSHEREERG 2R 5~8 [T”F. & kind O
Harassment-Relax &7 /L2 C, (LD Flscore 73 High
Stress > All Subject > Low Stress Toh-o7=. Z DO,
TAAY MEEIZH LT, Iﬁ%ﬁXFVX#mWikA
FREIZEEL XA TWDZLE2RBL TS, Fz,
Harassment-Relax(Low Stress) ™ NegativeF1score /34 kind (Z
BT I%LLETHY, MFEIC Relax Z 0 TEH T &
DRI L7z, 72720, ZMOHBRET —Z B A > THRn
<, MENETEN TR,
581285 L, kind B OB LN — (LD 5y KERE FE
N ELTWD. T, O& DRI kind TH (7L Toh -
AR DEER—A L LT, | FIEENLIZHAE DY
DOV EERET O LAL &2 HH TS kind 239 5. MA T,
IS OMEAG D EIIS RIS I%LJ\J:@FLJJ:Z))E b
T, X=X LY LT AMAGDE L RO, TR
R, X—ADMAELREICK LT, BEEEDD DR
DEMIR RGN B L E X TV D AREER® 5.

62 BETILODEICHEDNLGHEEIZOINT
FEH2 A P L RAERIZL > THOEBENRKE AL
THEIRBEMEBIIRON -T2, 271, &FMEN
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7 5 1kind I2381F % % Harassment-Relax &7 /L 0D 53 FEIE e
All Subject High Stress Low Stress
Flscore K& Flscore Frg= Flscore Fe#i&E | NegativeFlscore | FFf&
B —{r 67.63 pNN50 77.83 pNN50 50.85 pNN50 91.81 pNN50
VA 66.86 HR_mean 76.78 NN50 43.66 RRI_mean 91.17 RRI_mean
E=X A 66.26 RRI_mean 76.56 RMSSD 43.14 HR_mean 90.12 HR_ mean
7% 6 2kind (281 % % Harassment-Relax &7 /L 0D 535K FE it
All Subject High Stress Low Stress
Flscore R Flscore R Flscore FF#& | NegativeFlIscore LA
P HR max HR max HR max HR range
L 73.49 84.09 57.31 92.42
NNS50 NNS50 NNS50 pNNS50
L NN50 RRI_min RRI_min HR range
A 72.71 83.97 = 56.96 = 92.16 =
PNNS50 NNS50 NNS50 NNS50
P LF/HF var RRI min RRI min RRI mean
5 =L 71.08 » 81.97 = 55.76 N 91.89 =
NNS50 HR mean PNNS50 CVLF_min
7 3kind IZ$51) 5 4 Harassment-Relax €7 /L O /3 $EHE BE T At
All Subject High Stress Low Stress
Flscore K& Flscore Fg= Flscore & | NegativeFlscore | =
HR var RRI min RRI min RRI_min
AL 73.72 CVLF_min 87.57 HF var 62.72 LF/HF var 93.36 LF/HF_var
pNNS50 NN50 NN50 NN50
HR_ max HR_ max HR_mean RRI mean
- tiva 73.49 HF min 87.11 HF var 60.96 HR max 93.22 HR max
NN50 NN50 LF/HF var LF/HF var
HR_ max HR max RRI_min HR mean
XA 73.49 HF range 85.94 HR range 60.32 HR_mean 92.98 HR_max
NNS50 NNS50 LF/HF var LF/HF var
8  4kind IZ551F B 4 Harassment-Relax €7 /L D /3 $ENE FE T At
All Subject High Stress Low Stress
Flscore R Flscore Rg= Flscore e | NegativeFlscore | ¥ &
HF range RRI min HR max HR max
P LF/HF max HF var LF/HF var LF/HF var
5L 74.04 88.43 63.60 93.51
NN50 LF/HF_min CVLF _var CVHF _var
PNNS50 NNS50 NN50 PNNS50
HF_range RRI_min RRI_min RRI min
P LF/HF range HF var LF/HF var LF/HF var
A 73.86 88.43 60.96 93.43
NN50 CVHF_max CVHF _var NN50
pNNS50 NN50 pNNS50 pNNS50
LF/HF max RRI _min HR_max HR_max
P CVHF_max LF var LF range HR range
X (VA 73.86 88.26 60.32 93.42
NN50 HF var LF/HF var LF/HF_var
pNNS50 NN50 NNS50 NNS50
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High Stress

Low Stress

41 e Relax
® Harassment

NN50

-2 0 2 4 =2 0

X 2

All Subject
° 4 P
[
! ® 5 [ g °
o o ® o o
e ° 24 H L4
S ¢
o e o 11 L4
° s °
01 °
-1
2 °
® Relax ® Relax
® Harassment 3]e ® Harassment
2 4 -2 0 2 4
HR_max

HR_max

£ Harassment-Relax €7 /L O (HR_max, NN50)7 — & {#Afi

HTEI O B FFHNCIR S HIAc o 7. £z, Hiffio#
BREEZ T, BETNOKGESBMT 5 L, Harassment-
Relax(All Subject) T (¥ (HR max, NN50) & (HR var,
CVLF_min, pNN50), Harassment-Relax(High Stress) T I&
( RRI_min or HR max, HF var, NN50 ) ,
Relax(Low Stress) @ flscore M T8 Negative-Flscore T iX
(RRI_min or HR_max, LF/HF_var, NN50 or pNN50) 23~<—
ADMABAEDLEELTEZLNRD. 72721, (RRI min,
HR max), (NN50, pNN50) (ZOWTIEEEF /LD 5yHEks
EHEFHIB W TRAS DERHEE LTV

2kind Ti¥, (HR_max, NN50) OfAEDOENEET VI
BT Flscore Nk biEno7l-. ZDO#EHIE, (HR max,
NN50) 23T A X o k&5 T 5 120 Ol L 7 K& D
MABDLETHLZEEZTRRL TS, K21, BET IV
T — X285 (HR max, NN50) O #AIX %~ .
Harassment-Relax(High Stress)id Harassment 7 — % 2353 L
TV 5%—J5, Harassment-Relax(Low Stress) ClX /#2751
Rhots. ZOZEND, (HR max,NN50) DiEEN5y
FREIZRNL TV S,

IHZ, FETNMIBT D ERLodhE Li-ag bt L
ZOBAORME%R< L, Harassment-Relax(High Stress)
ClX HF var, Harassment-Relax(Low Stress) Ci& LF/HF var
NEEBA ML RAESET D L THDRBEETH D Z
EMEBZOEND. £, NT AR MRHET VOFHERE
% CT¥ % 3kind ¢ Harassment-Relax(High Stress) T i3,

(RRI_min or HR_max, HF var, NN50) 2355 =\ ® flscore &
1.2%LA B30 5 2 LG, filDFFEER & el L C HF _var
DHBEMEEZMBL TS EEAXD. 27201, lkind (LB T
HF var (X 3.96% L EEETHY, HEARTOFEEND
AN

A ML AD—MSUG & LT REARERIE L, &IZ A
RERIHI SN DA, REBRTIXZ OREDBHERTE 2o
oo ko T, Ha RRBEREICKIT DA b L ARETIES
T, MOREEE OHEBRMLETHS.

Harassment-
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#9 VIFI0 U EORMEOMAE DT

TV VIF MG
11.7 RRI range | CVNN range
All Subject 12.2 HF min CVHF min
5945 LF/HF max | LF/HF range
31.5 NN50 pNN50
12.3 RRI_min HR_max
High Stress 10.8 HF min CVHF_min
5547.4 LF/HF max | LF/HF range
18.7 NN50 pNN50
13.4 RRI max HR min
20 RRI range | CVNN_range
13.4 RRI_var CVNN_var
Low Stress 12 LF max LF range
11.2 HF_min CVHF_min
12000 LF/HF max | LF/HF range
533 NN50 pNN50

6.3 VIF Z8&H-HFEE0MH &H T
RHEEBICRBWCEZELFEMEOMENH A EbE %
#9RT. 2ETNT —H T, (LF/HF_max, LF/HF_range),
(NN50, pNN50), (HF min, CVLF min) OfHAHHEN
ZHELHBEOMBICHE L LW, £k,
Relax(High Stress)®»7 —# Tl (RRI_min, HR max) bHi%
BLTWeZ e, BTl R ERFHC BT
A LTEERLARECTHD I LR T HER &7

-7z,

7. £EOD

A TIE, VR BEBIHIC L > TAT 2 A 2 MR
Br LI-WiBRE O ECG % HEiC, T A AV MELICBIT
HHEHEOHEBORMEEZEMN Lz, X T, #ERE
DOEBIIRA N L ARRARD 3FEEOT —F 2 EK L, %
NENOWRERET VEME LT, £L T, LbADEL
BEZHNT, 1~4 TR ORHEEOM A G DEITRE L7

Harassment-
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SHERERA R R B Lz, ZORE, BN R L AR
EWIEESEREICEEL B2 TNDZ ERRBINT.

F72, (HR max,NN50) 2B NTARXL REFHCHIETE
Ll LR EOMAGDLETH D Z e Sz b
FEETNOT —Z EAIR & i U2 FER, A b L 2R
T EEGEIEAVBRWNMERICH ST, LT, ~T
AR NREBETLVOMRETH D, EENREANLAD
WERE T — % =AW= E 7 /LT, (RRI _min or HR max,
HF_var, NN50) O BEOHMABEDLENENTHDHZ &N
AEENTZ. L, WEARTOADEMENHFEE L&
ENTEY, A ML RO—BIISTIST D IEAHER O FF
&%ﬁwféﬁwot.%@tw SO E LTI
FRx 72 EBGRBEICBIT 5 A F L ARRE T TR, o
%$Mht@$¢ﬁmm&%ﬁbﬁgmhé.it,ﬁ@
PR A IEFRIC R 3 2 72 013 E B A0 2 RGN T 15
WL DMEEN NI L 72 5.
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Improving lifestyle-Habits of Students
by Health Media Design Method

YASUTAMI CHIGUSA! KOTAROUH HOSAKA!
HANA KUMAGAYA! IKUMI OCHIAI' SHUNTA KONNO!

Abstract: This report summarizes the results based on the health media design that the authors have proposed and practiced
since 2015. Many university students in the Faculty of Media Studies have a night-time lifestyle and spend a lot of time using
liquid crystal displays such as PC work and games, and tend to skip breakfast, lack exercise, and work at a desk for long periods
of time. It had a serious negative impact on teaching and learning. Based on these, we will first analyze the factors that are
deteriorating the student's health condition, such as lack of sleep and eye strain. Decide on a health theme (PLAN). Students
themselves record behaviors and health conditions that are considered to be related to health themes, analyze the current
situation, implement the minimum necessary effective measures for improvement (DO), and observe the progress from the
perspective of data science. We have visualized and analyzed (CHECK), added and changed improvement methods (ACTION),
conceived and practiced the health PDCA cycle, and left effective results. In order to connect these activities to graduation
research, based on the above-mentioned process, I also designed a health app that would help me improve my health theme,
which has been useful for my job hunting in the information field. This report reports those results.
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3.2. SRAFLIEMN

BRI AT LOMERER 2 1 RT. 9, 22—k
2% — b7 VITHEH I ATV 3 HIBS L >3 ¢ BLE ##E
ZROWTHIB ST — &% & RSSI ZINEL, ¥—A"NEET
5. P—=nNiE, Av— b7 3 UDORE LT — XHHE
WKTF—XENR LR LT — &2y b & OBLUE T iR
HBEACCHEHEL, T2 T2 —FOMNBEEHE
L, #ELAMEFEREZ TICRMEEEHEES 5.
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BLEE &0
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3.3. BMEHEESITL

331 HEEFEOHE
FIRRSRATFLI1E, BAaX P 2HIRT 27-DIEBN%
RO Y 7IZHEIL, 2O Y 7 DHEFRIZDA BLE
P—aruREL, BRANTOAMBKOFENEEZTTS.
BLE b —a X1 o THR%Z 1 DU EIN—TE3 X512
FET S, BRIz 73z EhBRE S VEMEL, &
H3s. fleR3 Ry, BESAT LIE, 2—YDRI{E
TV T7EHEL, TV 7HNOL-—FHEEETZ2 22T
V7 OBRMEREEITS. 2—FOFIELY 71X, 21—
FOR2— 7+ U LNEI N MK L RSSI D7 —
RERWTHETS. V72 HET 2202 -5
FEBEMAT 5. %95, BLE ¥'—a > OEBEHHIFHN T
BLHIEA Y RSSI # W T2 —FOHRAEMMSTY 70D
BARNPERAN 2O RHET 2. 2 —F OBEH DR
NTHIUE, EREE2HWTLI—FORiELY 7 2H#E
T3, ¥/, -V OBREHPRETITHIUR, HEEDEE
P OERANTREBECHEEINZZY 7RI —FOFfETY
79T 5.

BHEHE E TOFIEELL NIRRT

1. HmERAL, BREKREIN-—TEZ LI
BLE bt —a Y% &ET 5. Hilkit AV TRR
MO Z IS 5.

2. BERAIZLRINELMHEKT—4%2T7—&Xty biC
T5.
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4. F—NiF, A= T UDORELET—X T —
Kty b AWTENAE 21TV, 2—FOFfETY
TRMEET 5.

5. TUZHOZ—FEETICTY 7 Z e ORMELHE
33,

332 HaiT—RNE

AIBEY AT L TIE, HANSRFANOHBKZINEL,
T—Rty FRERTS. T-XDOINERERAT - T 5
DR > 2 HWTTY, 3 (z, y, 2) OHIBEAZ
T 2. HEHRNTOMBHEZITI DI, HHRE2IH
WKHEILZY vy REERT 2. HIBEGINEIZZ Y v FE
TIT5. K4 BEANROFMTHZ. 7V vy ROFA X
BNEWEYBEWEETT — Xty MEREITS 2T
X370, BENEL RS, SN, WKz HWEET
WgE 3] #B8EFEHERAZI 1L Im O2 Y vy RTHRT 3. %
Tz, ROV y REFIRTY 7227V v RREDE
HoNb. K4DflTidzv 717 2IcnHEIh3
TV RBFETS. A= 74 Y EHAWTI Yy FZ
IR O ERT T — X UINEERITS . IR, zheho
Z Uy FOHFDLTITS. %7, HIKOEIZRA~—F 7+
VORBIHIFET D70, 1 7Yy RIZDOE 24 HIAD T —
REWNETS. Ax— b7+ DX %E 30 (v, y, 2) T
RTGE, H0ZEEE (0, 0, 0) 255, ZORERS
ZhZNOi%E 90 B3Ol X, ZA<v— k7 + Y DLE
HEELZRWE S (0, 0, 0), (0, 90, 0), (0, 180, 0,
(0, 270, 0), (0, 0, 90), (0, 90, 90), (0, 180, 90), (0,
270, 90), (0, 0, 180), (0, 90, 180), (0, 180, 180), (0,
270, 180), (0, 0, 270), (0, 90, 270), (0, 180, 270),
(0, 270, 270), (90, 0, 0), (90, 90, 0), (90, 180, 0),
(90, 270, 0), (180, 0, 0), (180, 90, 0), (180, 180, 0),
(180, 270, 0) ® 24 AMX T 5. 7 —RINEE 0.5 AR
T, 1 Ao % 5 BRETTS.
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IU72 | TVU72 | TU72 | TUF2 | TUF2
gid1 | grid2 | grd3 | grid4 | gid5

IVUZP2 | TUFP2 | TUFP2 | TUF2 | TUF2
grid 6 grid 7 grid 8 grid 9 grid 10

TuPt | TUP | ZUF1 | TUPT | ZUTI
gid1 | grid2 | grid3 | grid4 | gid5

IUZ1 | IUZ1 | TUF1 | TUF1 | TU
U1 grid 6 grid7 grid 8 grid 9 grid 10

M4 B0

333 FT—2tv MERK

N LI 7 — 2 0 & o U 7 HEE ISR 5 % B2
HFHOF—&ty PEERT . 7—&ty MEROFIHE
a0 N e

1. 24 /MoK T -2z ZzhEh oy, z BT LI
FEL, FEr 35,

2. FHLL 7 3 o 2 M L THiigR o 2 L L
FEHL, Hi-EEE LGENT 5. 2k 2
TEHXNSE. NIZ/ VA, 24, Yo, 2 8F 0T 2
, Yy, 2 OISR DT 2R T .

N = /a2 +y2+22 (2)

3. PELLAEHEAT —ZII AT EITS. SR
NME, F—REZIELEZY Yy FO&RS, FiET 2
7, BIUBRBETHREINS.

4. 1, 2, 3AMOTFIET, 127V vy FIZOE 24 J5H
TDF—Rty FAMERTE 3.

33.4 A—HOEMECHENR

Msa—Fox) 7BEHEZRT. 2—FIZRHNC
WoTH 1, 2, 3ZIERIGEET 2 LIKNETS. 2—HX
PR TIE =) 7THEEBREZF o T0Rv». AEREI X
T A%, T—VPPERREERLHAIE, TV ORES
Yy FRHEEL, ZOZVy RIHIELEZY 72—
OFETY 735, 2—Hi%, ADOKRROLEY5 %M
BWLEBKCZY 7 1 eEINS. 20Kk, Ml EET
5 ¥ TOHEMNCTREROMELZY 7EE 2O 1 &
HEINS., LR OEAROTEJICI—VDEET
2HEETV 71, PERICEETAHEIETY 7 2 BHEE
ENB. RTH1I 2582 FTEERND D —F DR
L) 7BEOHFTRIOMELY 7 THELY 7 2 b
EEND., Z0Hk, K2 THERNOTESEEBRLL X,
TV7 LIWICEHENS. Z0%, R22568 3 FTEIES
NOlDBEEILTY 7 1 EHEEINS.
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335 mIABEROHIE

AR R T LTI, BROBEZHRL T Y 7 2H#
ET S, 22T, 2—FPRLXoBEREFERBLLO > LTV
Z00HETIHEND S, UL, 3.3.1EHTI LT
LEBEROBESNAVEHWTT -2ty FOhh 5K
HNEROFE ZAABMEINTVE T -2ty bEE
KT 272012175, 2—FIEdIEVERIEBLE v —a >
EHOCTHES 2. 2—39H BLE £ —aYh» 5 0OEEIE
DIRWVIGATNIC W B 5A0F, 3.3.4 TH TR HRALT o L
CRBICERTOFET Y 7 BRI X 2 ) 7HEITbI
%. BLE b —a v BRI ohTtEh, 2—F0H
EHNCR DIV BLE B —a YT % L mbif0EAR D
YIS 5. 20—V OBEMCE DIV BLE E—a ik
BLE E—a Y25 REXINTVWSEKD RSSI # W TH
ET 5. 2.2 HiTlz & 512 RSSLIZFEETC & HEEDSI W
FERELIRIFMEDRDS. ZhEFAL, &td RSSI K
%=\ BLE B—a VIO SR Tw 3 5 R 05 b L W
LHEIND.

K6 31—V IcimbEVERZHET 2HTHE. 21—
FIZBRAMTHER 1 A 2D BLE Y —a Y OBEFE2%
ELTW3. #5510 BLE E—a 2 X 280 RSSI i
- 50.3dBm TH b, BHR2DBLE ¥ —a Y Ic k2 EHD
RSSI & - 69.1dBm T® %. RSSI 1RO & 5 12 HlkED
HWNEYHRL, KERZEICH 5729 RSSI A5 - 50.3dBm T
HBHER1PRBENERZ L HETE 3. 728, RSSIH
[ U - 723 E R RCE D S THoh BB/ I W
BRYHEINS.
33.6 BRORANYIE

Y= NEZ—FPE LT — X e HFNPNE L 727 —
Xty FEFHALTZY 7HEEZITS. ZOBIC2—¥
BERNCE 2 O RNCE 2 DD EHIET 2REND 5.
ZOERONNHEER, 38 (2, vy, 2) OHBKRB LT/
NATHREINS 4 Xt 2—27 VY v REM EDZ—2V
FEEBEZFIAL TITS. %73, 2—VONELLT XY
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BNORE
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M6 mbIENEFOH

335 HTHIE L7 2 —F Ik DI WIEROFES 5 Lt
BanTwdr—&ty boax—2Vy FEEEHT 3.
2—27 Uy FEMOBEZREL, BHL7Z2—-2V v F
PEEEDSBERE OB EIE AN, BEM EoB&EITERs}
LHEST S, =27V v FEBEIKX 3 THEENS. EiX
BHEINZ22—2Vy FEEEEZRT. Zm, Ty Ym, Yns Zm
, 2 FHIER T — &, Ny, Nol&/ VA %2RT. m ZHEN
INE LT =&, n 32 —YDNEL /2T — R ERTIHFET
H5.

B =(@m —2n)% + (m — yn)? + (zm — 20)2 + (Nm — Nn)2  (3)

33.7 IVUTDHE

336 HTL—FMRERANTH 2 L HESINILEE, =
V7HEERITS. TV THEEIWIIENEE O kEEE (k-
nearest neighbor algorithm, k-NN) ZHwW3. Zo71a
VAL, 7220 T 5Tl — 2158w T— & k
ADZHRICE > T S RAZHRT2HDTH . B
LOREEINEL, FEUEICX > THEHEEZITS, 74~
=7V ¥ MEOPFELE [4][5] TIE, o7 AT Xak
U T kiFES RO EES RV ATV

3.3.5-33.7THETOTY THIEDFNEEZ LI NIRRT

1. RSSIZAVWTIZ—HIERLEWVERZHET 3.

2. BBAVERDF—Xtv b EHAWTERONIH
EEITS.

3. RS rHEIhLGE, BErSHIHOZY 7
eI N3, HRANHEINLGE, KAEHEZHV
THEANDO T -2ty FOA, HDINET — XL
F—Xty FEEHT 3.

4. BHIWZEROINET—KXIEWT—Xty b
V77V ESIBL, 2—FOFETY 7 EHET 5.

3.3.8 BMEDREL

3.3.6 HTHART: & 512, R OWNAHIE 21T 5 BRic, 21—
7V NEHOMEINEY 25, ZOBEOREX 2 R
Ty T TITI. EUDHIZ, A= 75 YORBEREEL
7 EBREITS . EBRTHEIG LIS T — X &, £+
VA EETIVENHZ e EFHLT, BEDHEYIZ
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FWHEEZRETZ. FWT, Rv—F 7+ Y ORBZREEL
RWEEEITW, SohBEOHEFANTT Y 7 H#HEEREE
PERDEL RAMEERES 5.

AR— b7 A DEBZEELEERICKL DT —2INE
HWtliea—2 0 v FEEBOBIEEE 2 RET 5720, &
ULODICA~Y— 7 4 YOZRBEREELLEREITS. K7
CERBYFUAERT. ZOEBTIE, -V OBEIREK
EAR— 74 vORBEEE L, EROREZR T AI6E
RIRDEDBRL . 2—¥1% 0.7-1.0m/s THITT 3.
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TU73
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@

BR3 fE)
A aclllgz)
| e
I BR1
- 4m T BR
ai=i5F ——> BRSNS

o BLEE—1>
Y DS

7T A= b7 VOLRBREE LLERS SV A

ZDRBROFIEZ LIRS .

1. AX— b7 3 YEHWTERNOMBRZINET 3.
WREKIEA~Y— 7+ Y OZEBZEELZ 1AW (z
, vy, 2) ZIEET 5.

2. BHRILIIELILHMBKR T —4%27—&ty M
5.

3. AVR—= b7 VEHOVWTK 7D 3 DDHAERHND
BB HFANCHEVER Lo oIS 7 — & £ RSSI %
INET 2. 27, U7 1 2500GL, BR 1 2iEE
LZU721TA%. KTV 7 205ER2%2@6EL,
TVU7 3KAS. REICTY 7 3»08R 3 2iEEL,
ITV72IRE%. BROBEIIMTEDXA IV T
W, FRTOEROEBRENEE 1 2R3 X5
WATS. F/2, AN—F 7 4 VORBIIZ—ERATH
FELUTEBREITS. 7 — X OIEMREE 3.3.2 TH & [Fkk
1205 TH 3.

4. NELZEE 120 D7 — R 2T —NIZEET 5.

5. 1-4% 1@ LTAF3EITTS.

RIMEDEEIREH X

INEL 7 1 F 120 D7 — X DWW, BEMICINE 2N E
T=2BERD L. BENICINE 2XNE T —280%, ER
KBWTZ—FRERANICW- S INEIR-TF— X
TH5. I —VHHEE L EANOERE Y 77— 2L
£, 2 —FOHTHEEZHA VT4 TRDZ N T
x3.
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o FBRENICINE 2 RNE 7 — &8, d13#EE T 25RO
FERE, v IZBTHE, t 137 — XIVEMRE R T,

. @)

v Xt
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D 12m 7%, 7—XIEEBREE 05 MTHZ. K412k
FOBEERALKEER, ZDER 1 [T oM 2 B E
NDF— 2B 24-34 72 5.

M 8IXZDFER 3 EO¥YT—% 120 fHORMME I & D
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OREREID, BB FVALELZY THEERBRE - T
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) THEE D IERT — &8 5)
INEE T — 28

B 3.8-4.2 OFIHNTERRERS X7 20T THIED
BE RKICRS X5 122—2Y v FEEEORMEZ 1 012
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ZEZE LRV Y THEEEBR 2TV, ZOMREFMAT 5.
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M9 BMEZ o=V 7HEERE

2. WHELEMEKT—2E2HWTT -2ty b ZERK
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3. I—HETVYTHNE 1 GRS —+ 7+ DL
RS, SITEEE BT LOD, Rv—bT 3 ¥
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4. FT—Xty b 1 5EFTLET-XE2MAL, =
U 7HEERLTS.

5. EBWa-—¥hrEEzV 7KL, BEZHEH
T5.

6. 1-5% 1M LTAR6MEFTS.

TU73
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BR3 1BR2
TU2
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HR1
5 T — R
1Y . BLEE—1>

— EMoHRE

10 =V 7HEEDHEER

1133 ZOEBROTY THEDKETDH S, datal-6
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12 13K 11 © datal-6 OFEBEETH 5. FEEE, ARz
EE L7z ek 5 T ah 3. FHORBEX, B
E382721% t BBEL LoTWB., —F7, BHE421%
8% L HBMBEIE V. ZOFRPHL—-27 ) v RO
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