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nTBh, —MINICELD T & LTEBRL TV 2R
FFEODBEDTNWS [16, 17, 18]. DF b, &F D ZHlfET
52 TAORBEEENIEE N TEZARENEDLD 5.
FREMEG TR E oD, BEMATEREZT,-

12

J2BR, REE U -720, BRUBD I WERBRITR WS
S, ZAEHEEPEBIKEFELTWD Zebh 23 5k
RARBRD 1D TH 3. £z, BRENKEICE X 2B
LThERKOTuy ITHREIFoNE. »EKTHEHIN
ZREWZI Oy T LT, WHEIK s LEVIK s ZL—
TARREDRDHE. s IEEOY vy FIEHE, B
HER, R, BHROBEIZETIEZE A LT CEUET H 2 250k
DOBZFNZENER S, Fouvoy T wbEIZTOED TW
HIRERBET2R2Y, HEBXUCBEBROERGTED
HEWZE o TRRIZHKOVWERBL TN,

Ranasinghe & D% [36, 37] Ti&, AR % VR ZEfEToD
ORHABR Z AR § 5 2 L Z HIWE LT, EXMRRLED,
HMREEBT 274 22HUEL, SHIEKREICKIZ
THEBTRHELTWS. MR LT, B EREMEEIER
W&o THEDIBREZEHR L TW55, HEREEICEL T
FEHTETOWRY., £F/DORTRAER, BiFa—
TEREERTAMHAL R TED, 2—FHEMNICHIH
LR TWTHA VTR,

FRADMAITN—TE, BEOICTLoTHEZHIEX
VI~ TRIOBHEA VX -7 2 —AERRELTE
7z [19, 20, 21]. #ERFE 33 HITh L CTEIEER 21TV, &
DICX > THIET 2RO B XRS5 Z & BB L1223,
PR L LD o 7z,

2% D, SSB OREFE e LTATHHEREH WS Z
BEARTaTHD, el ) =% 8% RVIKOEEHELE
A5 eLEZ LV, RAZRBOHx2HEExE2F
EDO—Dr LT, BEOIWCLB7 u—F&fToTERD, B
FEDFETTIEROH S HIEIZER T 2 DO LR
iz L W, 2 I TAIRTIE, ANDOSIERIEOEWNICE
HL, BR2BEO7 v —F%2E 2 5. NIXRLEHID
&% T&%%E (Orthonasal smell) | ¥ ODOHH» 58 E2ET
32%&D TOhE (Retronasal smell) | @ 2 DD &K H
EL, BAEF L OHhEOBREERIE, WTRLR3HEE L
TIEIN S ZEHRINTWS [22, 23, 24]. Rz, BN
YIS AY O BKICES T 5 OREE, WH L OB#EA 5
WZEAFHNTWS [25]. R TIE, OHFEZRA
BEX T35 4 2 [Kaolid) 70 XA T RT LD
Bt FEERRERL, OFELIRLZBOMRIKREICE 2
L BORFBERBIRICOVWTRET 3.

3. ERREFT/INA X Kaolid DFstr i
7O—F
FEEIEZERIR T 272012, BB A > TOWARWEEO

BRPEETHS. LrL, TNETTHEADSEEZZL
ERLTWEAIZE 5T, FETORWKIRETSZZ2Z

3.1.
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X 2 Kaolid ® X5 LEkEH

LW, ZZTH2 LTEREBINZ KB G0EHT
W3 ZY, BRYSHAYORKICHS T 2 OHEEHE
L OBEATRN Y WS TS HIFICE D&, fokhE TR
WKHOFREZHRT 2 2 e THREZZ(L S, AR T 3HD
HXWIEE ROMEEN EE2R 2. FAZRAYZ TR
WHENCHEAT2EETHIRA e —BL0ay FIcE
HL, S WH IO > v VHiE L, HE %225
XHDZE D IEROITTERE Z i 2 7 E 7 x4 2 TKaolid
PIRET 5.
3.2. AT LOFE

AR ZATLFOFELEHRT 2B LT, ZXERY
T 2BLER Y TERET 272D OEBETHRIATVS.
& D RES T 2 BLERY AE—Hr o= EWREIL, —
T HEAEHHT 2 F L 20TV, RIFSETH
W ERERY Z7EEER (E2Y) X4 ¥ 776K TD
FHEFALTED, BEFREIZICHT 2 2 & T/NH
OHEHRITH D A, BWEN - EZEHRL TV,
K2R3 &5, OhEZEHT2-D08E LT,
ELEroay TRICED ST 2EMEEHRE L. &
DEESTHX 2 Ak, ZBRIERY FE D DPRBAATL
ay P EEZSED, 3D XV rExTaryTFEERL,
#H EECED 1T 7.

¥R 2-BCITRT 51T, BEERY F2HEIXE3
7= DREIEIE I 7 MR B 72918 EEIICED [
BT L. BAELEY TRANBEICE>TH T3
ENDZET 2R R > TV B 720, RF AL ZTIEZEK
JERY FADATELEE 15V ICEEL, 2B5TEEH 1.6kPa
TEBEZITR o7z, ZHUET A X0 5 30cm 1F N7z
EHICIEFAD D B REOERETHS. ELEVIKEYT
avAANEHHL, B ERAAEELTY PRV
THFARIND TS, kD ary 7 FiflEo=&FD
EBREGIERY I X > THEFT L o T3,

3.3. oA~

AHIZETIE, OFEZERT 274 20HRET2EHNE L
T, BHEVEA I —NRZEFTIZA BTt 20y
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X3 EEoT

TRCED ZEE T2 ay TRIFAL RERET S, B
WERABY & IR0 NERBINTIE T 2 72, BRAY)Z BT BRI
HEMCHEAT 2EETHEA b r—ay FITEH L.
M1 (a) IWRTRAbRr—RFNA 2%, 2 br—DHD
EHroOrEzTBY, MO»LED R —HICHH
FyoEcOoRIcED ZEITS. LK1 (b) IIRT
Ay THRFANL X, ay T EECED ZEFT 374
AeREL, 2y THNICED ZHEHN T 2HHET2 2 2 TR
R IcO0HRIcEY 2E1T 5.

4. RAERER

AT, Kaolid D7 v b &4 FRHVWTRET L —
N—DPHRBEICRIZTHELTET 2720, BENRERET
fisEER%Z KM L7z, F7z Kaolid ¥ {7 L —N—TEET
BRI ZITS 7=DIC 7 v — b BFEMLT-.

4.1. BmE

AFEBRTIE, FBIRZEDFEA 10 BB L, Fik 20
R CEEER 23.9 %) ThoTz. HHRE OBEIRE IR E
372 < (AR RE R ¥ OERIZ R W), BRESPBEIC OV
THIERRIRETERII TN

4.2. REBREE

AEE T, Kaolid 7w k&4 FHNCE R 3 fk % H
Bl @7wRATHAT %X b a—R7o8 4 2120,
EDDORVREEKE W, Z2EP VAW THHT %
v TRIFNA 22X, HGERWZ. BDERADPREL S 2
rOTES 10 EEOGVD I IV—T [38] » 5 REK, HE
EHRMRRWE ENEMBERDIN—T oA L v, 4
F o TNEFERL. FHT 2754 RADIEFIC K 554
TARRIS D, IBBPELZ X512 2 BEOFER X —
VERBLEMLE. $-BEDICLE AL 7 RARN R0,
BRI OB 5 THRE LKERATD & o7z, FRITH,
BRI T 7 = MCEBELTHH -7, 7Y — b
1%, 9BEDAR =y 77 X M ERA LR, #EREIE, &
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2 hO—8FNA 2DER

. = mEk
10 * ,—| . REKEY
9 ¢
ol .
S
I .
& 6l
x
B 54
44 ¢ L
31 ¢
24 Ju— — ¢ Ju— — ¢
N .
OB HROH S RO 1F
EIEE

1 Qv TERFNA ZDRER

/A
101 I

éﬂ.

HOBRE oS RO
BlidE

- N W A~ OO O N 0 ©
1 ¥

M4 2ROFR (K- Ate—R . ay7H)

ATBRCHRE L 72RO R E, BROoH S, BROfFA, BAEW
RHXOFMET>Td 5 o7, BERNZH X OFHECIE,
X 3R T k512, HEE ORNCHE D & O R 2 WKz
104y ZHEL, BRALBICEU 2H XG0 H O %33R
LTd o7z, BRZWHEK10 5y 7%, T1) 3R E
FNRVWKTHD, 19 IZ—RIBRBHRROWIESE &
11.3g/100ml DRIFED A - 7 iRk % FHE L. Zofid
FTIR B KO E R L7z, 1100 & — M7 RIEE
FRLED DB H IR ZBGERL T 55 DIcHE L.
ZhEITS5 2 8T Kaolid ZHAH L7z U ko HE &
ERORETRTHET 22N TES.

5. RERER

L oie, REBETHVWEED (FLvy, 4Fv 7
V) OREREREL, FHEZITo7z. KICHEDITX KD
R LR T 2 72, AEBRTHWEED (FL vy, ~4
F v F) BN 21T - 7. BBICERWZROH XD
PGSR & RS

5.1. 2fFER

4iIzEnzhRA b —BFANL 2 3y FTRFNL R
DFERZTT. R u—RF N4 2% W7o FHET I,
FEY RN LTORWEEICLHA, £ ToOFMEEE (Ko
EE,%@H%,%@ﬁ&)f%ﬁ#m(&%@ﬁ#%%h

. Rk H B LT, %@&mﬁmmmu¢§%
%TTé CTRIBICHIE T 2 HEHEIET 2 2 & 23R
Xhi=. 2Fh, 2 b —Ro Kaolid IZ &k > THOhEEE
U, 2—FOMKAREIIR T 2 Z e HARETH D Z &
DRE NIz,

Ty TRFANL R HWROFMI TR, &Y 2M5F
32 CHROMERE, WOHIWELTE, &hiHd5L
TWRWEGEIZHARFHTE AR < R 2 EAB R sz, L
L, BWOIFAIZEE L TEE D B WITRFHEAE < 72 o 7.
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2y THRF AL 2T, ROFWHRESPKOT XTI LAT 2
fHAB RS N2D, T—FOHRDFAIIEEDRVIER Y
Kolz. DD, a2y FHO Kaolid IZ & » Ta—F Dk
HERRINRT 2202 L TSR L TV RBEDNH 5.
FEROZMICBE LT, A br—BIFANf 2Dy
THRIFANAZREIDDBENTE2LE I —FDBZ NV e
ol BEEDaXY T, (A bp—HFR4q 2
W ERIA) REETZ > 7-DT, X hROZE(LEKL Sh
2.1 2wndaXy B nworR ez iz, T2k
0 — O PEOPIEERR < [T A 357, BROZD K Z Wik
RITKRZ2eE U7 ) RIETDEIAD W, oy TS
BLTiE, MROZEMEZR b —BoaBEE shizs, O
LBl hDifFAZay TRITH o7, ) 2EET 3 AW,
DFD, A b —BIFANL ZDHPE D HPEZOIER
N37:D, ROZZE TR TV e BHEHREDOIX > T
ORIz, Lo2L, A b —HF A RIEFEYHBR
Pa—%2EoTHICA S8, LB XA L -
JAER, ay THOGEFAD RSN

oW T, 2HOERICHIED D 2 & TICHREMREL LT
v s s Wilcoxon DFFSIEMREERFHERHL, & OHHE
12 & BREHIIEE % E RN L 7. BEHMEEE OME
FRER LICELD 2. MEOHR, A ba—RIF A2
T, IRTOFMEIHEE THEEEVED LN, Fhay
THRIFNA AT, WOHXOFHEiCHEEZDED b7z,

5.2. BEDHORHHER

RIZED DEBWVICE2HWEDORELITO 2D, ALY
R4 Fy IADE D HNCEHEi 21T o 72.
521 #ALUIDEDOHER

FLYIOEFED ERHWEIBORBHEREK 5 1RT. X
Fa—RBIFoN A B LT, 2EOSTERAR, £To
THEEE (ROWEE, WOoHX, Kolfs) TEHED 25
L TOWRWIGHICHAGHEA & R EAB R Nz, &
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x1 HD ORI X 3 &FHEE OBIERIR

Lg% 240 p 1 AR (p <0.05)
Wk (FRIAK) & BROWEEE (RIE/K +&D)  1.032 X 1072 v
ZbE—BIFAL 2 ROHE (KEEK) & RoOHE (REEK +FD) 1.755 X 102 v
BROITF & (RIEEIK) & RDLFH (HEEK + & D) 2.778 X 10~2 v
ROMEE (H%) & WOMEE (HE +&D) 2.720 x 10! -
Oy FRFAL 2 KOHE (H5) & ROHE (H5+FD) 9.765 X 103 v
oIt (H%) & HKOGFA (HE + &D) 3.506 X 10! -
2 FO—BF A ZOER (AL Y S DEY) Ty THF A AORE (ALY IDEY)
o1 0 ok = &%
38 . REK+EY . G55
7‘ . a 74
? N &- T\ ]
JD 5 —_— & 5
& &
B o
31 1_ 34
24 ¢ ] 2
14 14
OB RE O OB HOBRE RO BRI 3
Edine{= Edinel=
K5 ALyPoFEDoORR (k- Aba-8 1.3y 7H)
2 hO—BF A ZOFR (1 F v TLOEY) v THF A ZOHR (131 F v TLOEY)
91 T T | == ek = &%
. REKEY m Gi5+EY

o o

FHER 7 — L
i

w

. J -

N
|
I

HROHE HOFH

AR
X 6

HOBRE

72RO R » BRDAF AR LTI, HEHEREDREREID, 8
50 H DR K FHEAE WEAASHER I N, Ko X
ML TiE, 2ESHERICENS 51k X 21iET
fEA R X 7.

—7F, 2y FRIFNL 2T, ROH XL ClddgiEs
BIEMDPHER I NP, WOMEEIZE D PR WEE I
NTUFLALEDLOLRVIERE Lo, BROIFAIIBELT
&, REDHRERER, &0 25322 & THML T2
Ry ol

BROZICE L TIE, R Fa—BFoNg 2D ITHKIEIC
Zl¥aEABR LN, FRERFEEOHERELD, 77—
ZOWBIEY VRV LRI
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o

o
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w

o

HROH X
AR

HROBRE RO H

RAFy TAOBED OFER (i A ru—8, £ - 3y FH)

522 NAFvFILDOEDDHER

RAF v TNOEF D EFRAVEEOERERZX 6 1I2RT.
Z b a—HFNL ZTIE, AL UIOFEH OFERICER, £
TOFHIiEE TIRWEMDHER I Wz, £, &FHEEE
TT—XDIEL2EPRELALN, FADIFADEINK
LA ay FRUFANL AT, FLYIYDOEDE
ARt DERDHERR S 7z,
BEDHNCHM2ITo 745 R, X ba—BIF A 2 TlEsA
FYTNDEDED AL YIDOED DI EN B MEAD
Rohi., ZREAERTHALLBRIHEL TWD L
Ezohd, A ru—BFoNt 2020, Rty UTREIKE
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H & R
10[12.96g/100ml] A 0
9[11.52g/100ml]
— TIRDKEBRE
8[10.08g/100ml] A HRO I L == —&—
1 &Y=l
mm FUHY
7 [8.64g/100ml] 4
N
| 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—R(REK) v TR(ES)
BB DTESE
B 7 X R R
FHW7=03, REEKEHEREWED L LTAL YO THD

Z DRI NS, REBRTHWEED OFEEIIE, AN
BL2ZDTES 10HOBWD IV —F [38] 225 2D
DIN—=T P HBEERITo2. DFD, FLYIDI N —
TDE D DREK L ABEDS BOATREME R X 7.
Fizay THRIF AL XTI, WOH X IEEIET 2 E\»
REN=2Y, T Y OFEICERLR CHRESRKROITA, R
OELIEREIC LA T 2 EMEMR I N 072, DED,
FRD a2 v FRIF AL 2T, OFEOEBIIH L VAEE
AR E 7.
5.3. BROHETDOFHE
BRI ENL SWVOKROH XKL %20 % 7l L 725
BER 7TI1RT. RO KERE O &% TRE, RO
TL—N=D =X —DOFFTREEIL VIR TRT. MR
D, REKZHOWERA a BTN 2DEETEED
FIRT 3 Z e THEE TR — K 2 25 Dbk X BiE
ZEERLUZ. MR 4 —L 1 DT 1.44g/100m] OFEHET
Holtz, FRETHK LSS, X ta—BIF 2T
1347 2.88g PO HSIWIREEH LI-Z e Bbh b, EH
BB IC X o Tk, RO REHROH X L FFOF % L
TWBZedhbholz. FAGEHWEa Yy THRIF A
BETIE, R ba—8FNf 20239550, FARkicH
SHEEOEAMM R Sz, ay TR, —BIVRKIER
BEDHHIRC 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.
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6. HBHDHIC

AREBICE D, HOBRVWGAEICHEN, Kaolid ZFIH 3
3 Z e CHROMGERE, WoH XK EFT 2 EHAH
BENTe. FBEORR, WHRERIZ 10 HTH o728,
Z b —RFRSL 2 TR TR TOFMIEE THBEDTER
I, Ty THFTAL RATHKROH I TEREDHERIN
Jo. SBRIEE S IKBIBICHEREITS Z 2T, Kaolid 0F

MEEZRLTVL.

FRBEDINCOWEITS 2T, BEHC X > THEDR
WE D HRED AN TR I N, AEFTIE, FOHIC
FL VY, A Fy TN ERWEN, ADBEL2 DT

=3 10 HogVwo V-7 [38] ko x, Aokt
BOEYEHERTIDEND S, 7 4 2BTIE, R
b =BT 2O E 2 S U ARSI H & 7253,
Oy FEIF AL 2B LT, OFEOEBITETVA
WHREER R SNz, £1%13, ABR ORI WRAY T
HOAPEEEHT 25N ZEHRT 208D 5.
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HydReminder
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Temperature ~25 °C
Humidity 40 ~ 60%

BPM Available : true

Let's drink! |

Temperature 25 ~ 30°C
Humidity ~ 40%

BPM Available ; true [

It's about time.

Temperature 30°C ~
Humidity ~ 30%

BPM Available : true

The temperature and humidity in your |
location is appropriate. ‘

Stop Reading |

X 7

It's going to be dry...

Stop Reading ’

3 HydReminder 7 =7 7LE— K

TEEREI A 5 N4 2 ¥ BlueTooth TZHRZFNER L TED,
O— ReApbHE Lty F—XEERICERL, K
FREL TO 0B 2T 5.

R ILF v v T ToF & >4 L HlEE 2 EE T 572
» DB Y Lz EE§ 2 DRy b
RAMVFry T LTEET 27D DD 4 F5 THRK
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FRHWTHA L. #HLZ 3D 7Y > &% XYZ Printing
%D da vinci super TH D, BT 1+ 7 XY PEALT
HAOLEK T2 ZeDA[EETH 5. =Y CITITHREKE)
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Danger!
Whenever possible, move to a cooler
and Move to a place that is not dry.

Stop Reading

|

A=+ U v F EDT 4 — FNw 7 ORET

HydReminder

Is_/

When working at a desk, etc.

When the user returns the hydration container
to the HydReminder, the HydReminder
returns to 1ts original position

HydReminder is driven
when the user is under-hydrated.

4 HydRemidner DF|HA X =2 (FRAZ bty TE—
F)
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WESNZEy I TF—RE7Fus - FOR LAy N—&
(HX711) &/ U Tl S N7 HlR %G S hBEEALH
B, HIEEEE — L e BRT, HREKEE T N A
A ¥ BlueTooth TZNZIUEKLTED, a—Ftind
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6 Power switch for the control unit attached to a

wheel-driven device.

_— Parts A
Controller Sheil
M5 ATOM Lite
Parts B
Sensor and Control Section Sensor
Load Cell & HX711

Parts C TOIO CORE CUBE

Driving Section
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V7 I7TNE—FDTANARDOREFEZH 3IWTRT.
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Parts D o
Lid Section
Sensor
M3 ENV IILUNIT
Parts E -
Sensor and Control Section
Parts F = Controller
Sensor and Control Section MS ATOM Lite
Parts G Sensor
Bottle Cap Scction MS5 ToF Unit
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10 Comparison of the amount of water consumed by

each subject (ml)

11 Comparison of water intake frequency per sub-

ject(times)
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721 SUS score per subject used for 1 hour(points)

Subject 1 2|3 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 5 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)
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# 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
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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.
from three users to forecast sudden attempts to stand

In a lab environment, we collected activity data

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-
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Tahia Tazin, Kyushu Institute of Technology
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Sozo Inoue, Kyushu Institute of Technology

45

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
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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
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Figurel Wheelchair with e-textile pressure sensors
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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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Figure3 Pressure sensor data for sitting activity (ap-

proximately in picofarad, pF)
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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).
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Trying to Standup
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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.
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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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Figure 7 Confusion matrix with 10 statistical features

8 10 HORHEDEHAE DMENLE T L 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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O &SI, EVRVHAEHEINZHT, BHRRRVE
EDEWERAT 2 Z 22BN LIS fTOR TV S,
Lo L, BEFRTIE e o3 =28 LR D 7814 R
FRHOTRIBOBEZ v X LTV A DEARS
T, HEERIICH T 2D LW 6. 22T, AW
BEPCRRAY—FM7 4 VDA RT T INZEREDL S
Action Unit Z2 ICRIFOB X DBE R FHHE L LT, W
FRICE o THARBREWEEDRVEHANT 2 FihORE
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235, AMETIToRERBO T — ZINEFEFITBNT
BARE T — X ZIE L, Openface & F\WTEAEIE % Action
Unit i E| L. D Action Unit OF) = DR % K E
YLTEWERHINT 3T LO¥E%1To 7. AUC W
72 TNV OMERERHIIC B WT 95.7% ZERL L 7z,
ARENILLTF D XS Tl E 5. 2ETEAARRK N
EDRWOZELR, FANCE T 2BEMAELIERT 5. 3ET
WBHABREOWEEDRVE#HNT 27005 ML 7 7 r—
FROWVWTIHRNZ. 4 BTREEWEEET NV EMET 57
DOT =Rty PERINET ZERICOVWTHANS. 5 ET
W7 — ZUINEREBRORERPLERNTEML 727 > 7 — M
Ko B EAED RV OB EEIZ OV TIRRS. 6 BT
HAREOWEEDEWERH#NT 2 ET L2 PRI L3720
D7 =&ty MERECLHETMEICONWTIARNS. 8 T
BRETT UMM EREARNS., ZLTTHETERY
L HILHSHRDOBLER RN,

2. BOEMRR
2.1. BABEVWCEDEVDOER

75V ADMREEEZ T 2> = X (Duchenne) 1%, K
T4 TiEEr o RESN 2K TEOKEH, KT 4
TREE L FBRR S R EI N KEE ROKRE) L
T, 2 DOKREZ BRI ENSED SE VRO LT (7).
2 DOKBD %X 212£ T

M2 EBHEOKHE, A2M50KEEERT (8]

HOEHEIZT 2 2V XARA L LTHAIGRTED,
KEBEHC L 280 LRy RENRGTH k2080 LR
MR E LTEIF b h 5. BEROMSE [8) T, KHIZHT
COXHMNOERTHD, MHEICBWTHOEER LD
AR EEZ 2BICERICE twH 2 2R TnW3
ZLT, B OO Ys 60O E 2T TR+
ThY, HEOOMAIRT 2> = Y XA A LORHHA R

53

LNTIZHHIR%E 522D TH%. %72, NESLREDE
WIZ Ko TEHDRR=VIIMEANC Lo TRES B LD, B
R P OREE RIE D 5808 2 B3 BIE 0 @R
BB HEERONDE I BIBRRTV S,

2.2. BRABEVCEDEVLDER

g, B, RS OSE 6] REEDEE VYT LA %
EBELUEZBBEEOTFANL 220850520 —F—&T
HAZREWEEDRWERANT 2% E2ITTo T3, RIS
MOBEIC L > THBERPECZ L, K3 DX RRHE
RIF N A ZZHD 113 SRz 16 Ao KRBT 39— b [
fHREOMOHHHCELBEL 2. FDOHEIC X - THD
RERENLED 270, £oH—F—Xh bERELHANT
ZEFTHB.

& 3
2 [6]

RN ¥ 7 LA 23E L REMD 7N A

COMFETIE, a X T 1 BIEIC X - TR SOz PIE
EESHAREVWE A2 — X250 RICE > TEN
FNCAE S B REE 2 DR WED RV ZXAITE 2 20
EMEEL. £v I =2 ol onKAREDONTHTH S
AR L BRI RS O T 2 & 28 S - el
EFN (SVM) T 94.6 % & IEF I E ORI B % 5ok
L7z, LPL, ZOMRERFHDOF AL 206602
LU —F—RIRET L DTHB. ZD2D I DIRR
TN FIRCESOTEEOBNE HEAEICHT 2 2
CIFEEL V.

r77O—F
HARBENCEO RN ZHWAT 27007 Tu—F%
DIFOX 4 1237

AW, Rk T AL RERAWS Z 2 L EWERI
THZEREMNE L. HEATEICZOMBIEMZICH 3
32 ERAAT, BBEEEFTAVOMEL WS FEER
HL7%. Z2LT, ETLVOMEIIBOTIIEEIRHELT
WREZDORET Xty b RERT 2L 25056 To 7.

3.
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X4 AFED7 7Fa—FOMEKX

KRB ORNE 7 — ZGHEAMIRY 7 4 THREE» R
HT2b0EWD EIFTWwa., RFFEXEHLTWS LS
AR REFHOTR—, EDROD XS ICAHT 4
THRENEEEOEHD T — XLy MEFELRWV. 207
», 7Kty MEEIOLWMDHOMBENDHD T -ty
MERIIARAEOKRE RFFEDO—DTH 5.

4. T2ty MERDT-HDREER

AFERZ, RFEEPOAEFNZ ARBEVEEDRVOHE
KET 22T 2 HWE LbOTHS. BT
KFA D 4, LWFRFPEIBENGIC, 30 NI OFERE
fTofz. FEBUZ, WEE 2/ EEHHDAT 3 A THMN
INHERE 2 HOMAEDLRIE T VR LI To T EBr
BEEBADN 7 7 VT —X—t kb, FvI54 Y ETH
MICEE Lz DR EITo 72, 2 LT, EHPhcRiid 28
TRSRIE L, SEERBEEERE (CSRIM 2 AN L CEERE IcH
RN ME D SR LRI O W T BNl & B 7223 & 5ok
LT Bolz. Fie, EFHATSR=YFV T4 LfEDE
VORBICOWTIBR ST W20, EADMKL/ED
FVORHITOWTHEF TN, #ERE Z 212 Big-Five I
B MARRERHE 2 72012 TIPLJ IZEE LTS 5o 7.

WHREHBIMEDEVDFRE L THHIHz>T, M
TOEIBMEVRCOEREHG L. ZIETHSES
LELDEHDTH5 [4.

1. HEE . wINTEFE L OREE, EAINIZ U BT %
BT 27212, £ R BIRT 2 -0 DR

2. FHEKIRME : BB > TWBHE, HIFTLE -7
BOFRKEMEE 2 20D%N

3. BIBHIE : G FEHRDRRETAE S ARV,
REEFICE D AT 4 TRIBEERRERT 2 72D0%E»

FRFIHOFHAIUTOED TH 3.

1. EBOMELEDRVOERICOWTHIAZRZIT 5.

2. PARTULA ZDFDIRESNI-HOBN%EITS.

3. KBMEMEISLDAI 2=y — a VIHETZERIC
H&ET 5.

4, EBRERE D S D5 2 5h 7z BRIV THERE R L
THET.

5. KB T, EEBFEHE SRS 207 — X % Bk
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o, THRLEW/MED W] & LSHEICOW T
2175

6. TEAREV/MEDZ W OBHEEGTR LD D, TIPL-
J NDOEEER%E Google form TEET 5.

4.1. #EREICITo-BRIER

BREWCRFEDOZ o T LTIT-o ERMEB Z U TIC
R

1. ME2Ia=syr—ya Y iZBLWTHDRRE T VWA
Wo7ei e OB Z B R TLIZZ W,

2. A4 vaIa=r—yaYZBWTHSPRET
W, o7z e OB EHZ T ZEW.

3. B OB L 3K L TRE 2SI RIES, fED RN
BLEZERHDETH?EREDLIRIGHTLE
L7zh7?

4. SFCICa—AHIELZBAT L2 LEOERTI»? K
NTTH?HEHDBZTLIIZIW.

IRHEFEENBEZCLTVEMEBZZ ISV EEELRD
DTHB. BAPTVEME LT (1)~(3), Hrici vt
MEINAZEMYE LT 4) 2&ELE. 2hs0EEIEE
ENPRFIC 1 ATOBVTVE, 111 onEEFERe L
Jz. (D)~(3) WWIHMED R VWD ER T EFD I TIT o /2[5
2, 232y —a B3R EENEOMEECED %
WIZDOWT DRI EBRRZT28, EEROFRICIH - 7-ERT
By, BARTVEEZ. (4) FERCEROTEL IR
RoHEMT, BHDBNZITAERS RV 255
BRLIMERHDEZIL VWEE R,

4.2. ToT—MILBEEDOSINILFT

ZHD Z ~NAAHFICBWTIE, EBRKTHIZ Zoom D%
EZEA LT, BRZED (K74 7RBIERET) 2L
FRERE B W (RO T 4 TRENEEE ERWV) & LK
MICDOWTRRT 2 X ORI L /=, RS MIE T 2 A0IclE
DEVOERICHE L THEBEICHEMEONHZITY, =
BREE AL R SR L Th oo/, ZOT7 V=1
F— R HEENEHRLREVE/EDEVOBHE T EIE %
MU IV, BWEEETUERDDI, T 2B
7o 7.

5. RERRER

ARETIIE 4.1 BTBAN 7 — XIEERIC BV THER
EHoBONEEECOWTERELBND. T IE
DRVCORUBEIZOWTOMEASR S RNE TS .

FEBR» 5 BARRR VDB 7 — X BT 120 8, 1ED
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S0 251 BIEET & 72, REBULT 2 BFICO VTS 6
BETHMIERNSA, F—Xty hOH T LMY LTIIH
RIRFEND T — & 75 2086 17, 1FDEVIZ 6291 T L 7o 7z,
FERHFUAT o 72 (1)~ (4) OEM D EEHERE LTIy
5.1. REISa=/r—oavicsLTazTeERL3
&5

MEHII 22— a Y CBWTKETIEKL B /U
OV, TEHGMBRERTHENLTLE>MEFLIE-72D
Do EDaAIar—yay]) HRER+TETIL—F
T— 2%V, BRI Lz &), TSEIZWHTT
b, MBREEEABLTLES &%), TAHDDGE
LT3 DIMEFELSRFEL R YD LIF 7 WFAKE K
Clto/ce &), THAMDEEDANLIX>7 D 2o THRE
DACKRFEEZ L XS L hEHERENH LV X2, 2o
TEBEE SNz b5 LOWBRE» SHINESLHERA D &
Wolt k32 2 ¥ THFAEEZFETI TV RVALDa I 2
== ayiZBIIBEEIBIT LN T2 2 BOWHER
FEp o, H#HERLEFO L SIZIEN LD A TR EG
BT TV THIRET IR D220V EE
»REHNT.

5.2, A5 aZr—>avilsVWikEzdcx:
RL3=

Fro4ra3azr—yayiBWTKETIZKL
ZRIZDOWT, MERATHT &, BEWVWICHHRD 2 XA
IV EMoTVWAR XS RFHALHZ X, [T —F
U= TAXTA 7 DIRETHET APV Z L REVPRAR
W BEELIED B X4 I ¥ IR0, TESEZTICT
FXPMFry bEEFBLTLEY, BERIDIEMHICED-T
Waihrbhrbkknwe &, OETHELMEEZTEI DT
Ehwhb), TRABMTOZV— 77— 27 TIRBRIRED 5
FELIRD 2 — FADEN Y, [EELH LD o2 &, 256
FHDZIEFOEIEVD LI RIEPHEDRE TV,
(N—=T T =T TDTART LA ZPRETV, BzhE
D ORI T 2EEEZ R 0TIk 2 2 2 0380
EWVo EIENE S
AZLDWHREP STV F4 Y L TRET IR LEAD S
XA IVZRZOVWTHENR LN, E/2 2 HOWERED
5, MENIRTF 7R e REPRITHEL O, EIEH
FAMD DSV, EWVo EENE LN,

5.3. EDEVW%2 T 3EERPHEEICDOWVT

FEDSEWR LERBICOWT 84 7T /BEDENWE T
ZeEZFLE. TZOWEBEI X, THEDNHDAN LS
FERTALEXRINATHA Y S5A4 VTHEDEVWEZIEEIC
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LTLES ), THZPEED R WGEETHHFEIEL LG
BB LI, fEVRVELTHEMEE ), THEFOHEIE
A6 TH, T ol EDRVE L% H
TR DH B Lo EERELN. EDEN
DOFFENRDH B EE L THD I ERTOWMEBRED, Rib
T 2T OBE@BREICOWTRRT W=, %I WT,
HEo AN L TIHBIMED K0 T2 L AIE LTV
2, RASRHRED LS BB LVERETRIEIEVWET S
Tk, HHOFFWLWEBELRLTWVS. Vo @lE
BELN. EDEVWEHED LARVWEEELL 1 HOWH
B TRIEARERPETNCA L — MCHTLES DT,
HEDEDENILARV] EEL TV,

5.4. MRBREELDEVORBIEEOREEMY

AFFITBNT, HHREZ oM ERIHB/ELZ L LT
¥ Big-Five Z$#H L 7z. Big-five I& Goldberg [9] 234218
L7z, NS 5 DORFOMAEDLETRES LWV
EHTHB. ZLT, EFRIIBWTEEESER NS E
THFRE ICEHEZ 2T TICERREZHES 2 72DIcHA
FERR Ten Item Personality Inventory (TIPI-J) %4%H L
7= [10]. ZHhiZ Big-five D 5 HFITH LT, % 2HEDK
M2 BHET2HDTHS. 5 DORFELFICKT.

e Openness (BAMIE)

e Conscientiousness (GRZEM:)
e Extraversion (F}fk)
Agreeableness GGHFIE)
Neuroticism ([EFEZEM:)

TIPI-J ZEK T 2 BB @M - 24t oahicont, ¥
iR e AFE 2 R EELZWNRIT>TED, HEMMURE
WHEAT 2 2 HBAREL BN T WS Z & 2 6 ARIFFE O F B
T® Big-five D 5 FlE 2 2 BICHE Y RIBFEIZ L EZ 5.
TIPI-J ®[E%» & Big-five ® 5 KFI120f L TREZH 5 20
ZLUNIZEE S [10).

o BHMME = CEE 5 + (8 —1HH 10)) /2
o HMFEM =1HH3 + (8 -HH?Y) /2

o SlEItE = GEE 1 + (8 -IHH6)) /2

o FARME = (8-THH?2) +HHT) /2

o WEHEZEN = CEH 4 + (8 - 1EH9)) /2

M EostaEAD» S 05lRE Z i, B, sENE, ShnE,
AR, e R LEREREZR 11ORT.

ZLT, TIPL-] RS h% 5 HHOFRL & EBRN
BB BARBRRVOFRER E /FD R oFERBICO
WTHBIHRE 2 B L RR 2 R 2 12K,

1 HJRNEBD R & 7= TH B 23 ahm i © o AEBIBEfR T
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WEREERS | BAREV | fEDEV BAACE | BSEME At PRI IERE e
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
£ 1 TIPL-J IZEOWTHERE Z L IcEH LMEoEH
ARRR | fEDRV O k> TEVOBHEIZ 1 71— A4 0.04 BDEMTH
g‘zz;{i oA | LA s AU OB &5 1-5 0 b BRFIHIICR S h 2 M2 IR L
' e - 5k 7 2R \ -
e 0.0307 0.4821 . FORER, 7 &ZLTEME%L@2%67V‘A
gﬁlﬂ]llé 0.5041 0.4738 {?D%L\ai 6291 7 I/“‘L\;%iﬂf: #%ﬁ&%'ﬂ:éﬂf:?—&
THREREN | -0.0397 0.2904 EITR D &S Mz - 7.

# 2 Big-Five L HAZRR VW EED RV ORTICE T 21
3]

BAfREE 0.482154 ¥ 72572, RNTHRWHHBEA A & M /=18
HEERAE CHIBI(RELAS 0473895 ¥ 72 o 7=, %72, MO
RE BARERCORMEEIC S HEBEB R S ih o7

BALREWORHEE & HENDIEE CHERED
0.689952 ¥ 2oz, T—REN 8 THZIh b, +4
RAABEBERICH B LIZVARVWEEZISNS. N THR
75 LR WAHEBIBA (R AT R & M2 TH BN FAAN M T BI R R
73 0.504178 ¥ o 7=

ZDEIBFERICE T 1 ODFERE LTF— X AR
BFond., SEOERBTEMERE 8 AERRICLTVS
Zb2d, WHREERSLIHEPLTT — X HEHPINE
CWOREENEZ NS,

6. BWFEEETT IO
HEERY

EERTIE L ZBE 2 HEEN T 218H /5T, Tadas
Baltrugaitis ¥ 7 > 7'V v K% Multicomp group 3B
L 7z Openface2.0 [11][12] ZH\W/z. ZOY—1F v MZ
HODZ Y F~— i, BHOZBHE, RELLOFH,
BHEEZ Y TV RA LTI DDTH L. EKRMEE BT
BY—ZBWT, HOS Y R~—2Kith b R8HE S
TR TEHIN=F2Y 7 V3P, £k, 20V 7 M
Windows, OSX, Ubuntu & Wo 72270 X7FF v b7 4 —4
WHABELTHED GPU ZHEE LAWY 7 &4 L1ERE
. ZdD Openface ZHWT, EHOMADE) X 2 ZEIHINIC
5781F % Facial Action Unit(AU) Z#H L7-. Openface

6.1.
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T Lt
face_id

timestamp
confidence
success

AUOLl.r - AU45r
AUOl.c - AU45¢c

# 3 Openface 12 X % Action Unit fliH

face_id 1%, 1 D OEEPITEBAI M S TV BHGEIZA
PRATZ720DFT —XTHS. confidence I&, EHD F >~
=B BI2 7y XV 7OEEEERTDOT
Hob., EBNTERICH-72dD LT, D2 FTRT
XOBEEND ZBICED T ¥ Fx— BRI TEFIT b
Z v &Y IORHEED 0 IOEWVEEZR> T\, 20728
SEEBTRE I NFEHD» ST — Xty FEERT B
Wik, RHAEH Z1T - 728812 confidence DfEDY 0.90 %
TEl 5725 7 2 %R 2B 21T 5 72, success 37 > K
~—BHICBIAEEMNO T v F U IBRIILT VS
HEIPERTLDTHS. FIZT7L— 2NIENE 5T
WENEIPERLTWVS., AU X, AU OFEEIZOWT
KTHOTH5. HlZF, AUOLr DL EHNED Losh BE
IZDOWT 0 (FFFEL AR, 1 G/ NEETHAE), b (R
TFELE) OHEiFTH#lE LB ENn5. AUCcIE, AU
PERET 2L EIDERTDHOTHS. HlziE, AU O
CENED EAY BEHM 0 (FEELRV), 1 (FFIET 5)
Hhahs.

ZLTC, RBCEMEZEET LV EZMET LI CHL-T
Action Unit OFZ DEETH % [AUOLr] 225 [AU45x]
DHEFHEH  UTHAL 7.

SEER LT — &2ty T, EEBRNTHEERE ICOE
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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

R4 HDDFEOETIRL £ OVERERM

LTH 5 o7 TIPL-J OMRRERMEH L Twiwn. #5E
BZENZhEBRANTEBEED RN 2ITo TS0 1 A
DWREF IO ZWBEITOBREE T — 20355, LHrLHE
FEDF — RITHEBRED S NLE2MITF 2L LTHEET
DF—RIZ—BEDINLVEDITEILIIRDE. ZDD5
BER S %55 —& %t v b Tld Action Unit OFRE D &A% 1%
HAUL7Z.

6.2. HWFEETILOBREEESHE

AETIIEREE EFLOTFIEICOVWTBRR S,

EFITEBRTIER LT -2 ETVEERT— & (Y
T—&) e PUREEMREEH 7 — & (REE7T — &) 1o El5
3. SHIX 82 DHETEEHT — X e MFEH T — & %2597
HL 7.

ZLT, EBICERREVEED RV 258 T 5 i
223 D F %12 Logistic Regression * Random Forest Clas-
sifier + Support Vector Classifier W%, SEIZF —X
BAE7 FRATODERTFIT L ZIETREL RN DD,
FREENRRE N, TR 2HE7EICBRLTWEETLE
AL

SHEFHANLEFVOBET—&2ty MZBWT, BA
BROD T —ZBEED 32%, fFORVD T —XHBEED
68% LRI EMERT -2ty hiRoTWVWS. ZDRD
SENIFRCA G2 7 S ADOBBEICBWTERAE SN 3
AUC (Area Under the ROC Curve) ZHWT, #ilET
NOEROMWREFHTIZ1TS Z 2ic L7z, AUC X, ROC #h
MTINOmEBEERL, 05 M EXEE LWHERT 1 ITEWIE
CHARENI D E N Z 2R T. ROC (Receiver Operating
Characteristic) HiffI%, “MEAHET LV OMABEN 2 RT
75 7T, BlMR (True Positive Rate, recall) % #éfifiic,
BIGME® (False Positive Rate, precision) % iz ¥ - C,
ZOMRE IO P LAbDTH 3. HRABREVWEEDE
WOAIE T L DMEBEICOWT, £ 41T£RT.

AUC THEFT 2L, X741V RAMTEBFHEIC
BWT9B.7% 2EK L. S, 2EFHEL L THVWE
Logistic regression, Random Forest Classifier, Support
Vector Classifier 123 T Precision, Recall, F1-Score,
AUC DR TORIEICHE VT I VX L7 4 LA MH 1 FEHWN
HREZ R L7, JV X LT A VLAMET Y H Y IAFEBRIC
XD ERORERP R ZRHBELFHLTFEEL, 20
RREZHAEGDE DI LD THRBEIELZRDLTVENS
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MHEZRD., Z0EDIDOISCEVHEETTHTERL
Ezxbhb.

%7, BWEEET VORI IEREZMRALS 2 72 DI1T k=8

k EIB MG W TREEOFMEDITo 72 2 5, BE
X 97.0% IERICEWIEE TRl TE 3 Z e pWRE Nz,

I BEVHEETHETIZLDTERLI VXL T A LR
MIRERDP SR IZEHEFETDH L7290, ERBENCH
ETETNVORBER FICHE L TW2 Dh %2 d Feature
Importance ZHH L, U TFTOX 5 I1T/RT.

5 FEOEHEE

FHEOEEEIZBWT AU06 £ AUOT & AUI2 I[ZEHE
EFEomWEABR SN, ZOELH/E D E DR T
WiE, M@HoBEIck 380 XD eRoBE, Bo
MiD51E LA D BEEPRBITHD, Zho DR EEDS
WAFHCHFE L TWEeEZLNS. LL, B 1ET
BA 6 BBz BN LRRBEIFEET 20O E
RAERD BT, kS OWgE 2] TIE, HA 6 EIGEXR
HF 2 BN 2R EOMMIHANCE TIEE 5 R VATHE
MERBLTED, FCESWTBIEXNZHENEED
NTW5. ZDDARRENEEDRKVOFHNCEL T,
Feature Importance 2 & A FHNCHF G 32 LD ki
FHENHAANFFEOHEME WO HEELDH 2. 207D
HRPEELZREL T, HRRRVEIRVORHICD
WTIRAHED FF T Dt kb7 —&ty P2
HXEIREPDLEEZOLND.
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7. SRORE
SHOBLL LT, fEDECORED £ HABE L {E
D SV OMA DIEH £\ 5 Bl SN 5

7.1. BABEVWCEDEVOBRRMIOI—IT—X

HARBZRENE/ED RN OFANEMOISHIZOWT, 2D
Hiffi# BB ICH > Tw L 20k, Fnichd 218D
E{RPLEE RS VU 7L KX A ATHRBEVEED BV Ei#H
BT 2ZePRBECRZEEZLNS. VT AVRAL LTk
BT 28z 27 LTHEETZ T, BHED—
Bl LTET =AY b)) Y IVREOBEIE RS Z 2k
DOENBPBHAOHE L VwWo - AEEFRICHTEHIAS
EZZbM5b.
BIZIREESPHEDOH T, BRT LA/ ETVRIF
LERBITLDICEEHICRLZZIRHS1255. HFEKEX
A7 4 TREBEELARVEIIK, REOTRETS 2
DIZZDFEMMBIGHTEZ e EXLNS. LrLlaIa=s
F—2ayiZBWT, BOORENEINS Z e R HTF
Kb o bR REERI b H 5. HIZIEIH EOMET
AE A ZENT T TREEEL T 2 2 050 Hh 2 50
HEF LN, ZD7DBRTENLIED RN OMAIEH
W, 23227 —YaYBLWTIRIEKIGHT3 Z v 24
FELTWRY. HLETHY VY 7O &S CHER
B (&) e RBOITHEHANL TRV v PBELZHED
FHEZHRFL TN,

7.2. EDRWVWEROREDR

FEDRWIZDWT, RIFED T — XUVEERTIX, HEHR
FHIEDENOERZHEIMMCHBELZLT, fEDEVEL
7GHEERHE LTS o, ZOEBANTHERE ICIT- 72
B2 6 HEABICBOWTEIRWIZ EXERGAETH
LENBZeRbhrolz. FIZIZANEFHELTWT TEBEAS R
W, DFES5RWV] Vol AT 4 TRBIEERMT 572
DORVRLYNEFA L TORFETHZMEE2DDR
Vo ebDTHS. ZDEHIZ, ZOKRNUPXEXET
HOEEDEATH S, FRICFEHIGEBEELY, BLwvy
Wo 7o RIT 4 TRIBEEESDOII SN Z 220z,
IHT 4 TREBICESWEEH (TEDFEW) 2#BIT % 2
CREENDZEEZOLND. T, HRREVLEEDE
WA TR { FEBHFORIBICOVWT HERED
FEPSHET LI TELZDOTERVILEFEZS. {F
DEWEED AT T 4 THRBEEOPRTHFEY, HLLEWwno
T REERHEE T B Z L RIS R AR, RZEDISHE
LTEZDIDREBEDI T LY 72\ T2 EIE 7
BHETOEMIEILDZEBEZ NS,

FANBOERTIEEREDO AL RS 7 4 THEIE %
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HOTW2DO03HT 4 7, FAUREEEENTVWE D0
B HIWT 2 Z e LW — X MEI N 5. RN
BRBIHICB VW THR DY — L 2D REEZH 2 72012
X, HMITOA v R a—METT 7 — b ERKET S
DRI FETH D, LrLHNETOL YR 2—
BIEFICHES aX bd s, 207D, 1 00REFERL
L TR BB W TR 2 HH L ADIR S
RAIVTORBER2E=RYIL, FEHTHNIZ I,
BRI T 4 TREBEECTVWE RS pERHD, e
DFHIICORITENZEDTIERVWNEEZ S,

ZFLT, aaFficBnTHr o4 v ToMNTERaI 2
==y arPB LRV, A4 ETEIATRL
DEFEPHIE X Wo 2 kD RSN E#RY S, HFEDK
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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.

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

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.
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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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3.3. #iEtuig

2 BRI DHPR—Z 5 4 Y Off, R—2 54 ¥ oD
BoOBKICIE, 7= XSGR HZ TR M) v 7 DF—&
WZEXIEDH 3 t EER, T—RIHERH B/ V7 X b
Vv 7 D75 —&I2iE Wilcoxon DFFSIENMIRE %, 7 — &I
WIS K, 2 BB O EUCENRR VAT X P v 7 DF —
2121% Welch @ t #EE Z 2RV, F72, FHRIEE
DRVTF — R EEE L OB TIEEEE, NS0 H 5 7 — X B
[ i TId Il 4+ g TR L.

4. BRCEE

AFETIE, BRAOBELICBWTE LN RICOWTH
HT 3.

4.1. 1K 1 OPHER

Az sy

A4 YA M= LHIEROB T —2ITxL, 4 YA b=tk
0 H» 5 30 Hi%, 31 H2 5 60 Hi%, 61 HA 5 90 HED
4 DO OFEHBUC O N THIR U 7255 R % K 2 1SR T
S v ic—oRiofM e kgL 25, 7TV ALY
A M= A YA P=1R 0 H25 30 HED 1 Hb 7
D OFEHEIC 894 £+ 108 HFOHRERBRIAD b7
(P <0.01). 52,31 H»5 60 Hk 61 H»5 90 H
BOFEICBE LT, 1 HB72 b OFEHHIC 1124+ 81 FD
BEREAPBED SN (P <0.05). —HT,0H»5 30
H#% Y 31 H2 5 60 HRICBWTIZAEERZIZED Sk
Motz KERXD, 7XVEREALR L ERIEAKIET)
DEMPEEZ ZePHLLE RS2, L2L, 31 H»5
60 HEtx 61 HA25 90 HEDHECEHICIIERENH 5
v, A YAM—LVEKD 30 HElZEY—212L T, X
BICEHERBPET LWL ATRESELDH 2 Z e L2
o7z,

RIZ, 7TV A VA D =AEHCBWT, FIHE L B8
TR K> TUTDO X314 78EIL, 2hbD
MAZEEST TV A YA =10 0 H2» 5 30 Hi%, 31 H
25 60 Hi%, 61 H2 5 90 HZD 4 ORI B VT
BRI L7z,

e Q1:
e Q2
e Q3:
e Q4:

MEREPX 3 IWORT. SEECL-T4REIL, T
ZRSOFICBWT, S Z ico e OO ¥ g
L7-. ZOfER, QLITE, 4 YA =i 4 YR =L
#% 30 HRENCBWT, 1 HH 72 b OB 1993 + 128 #

972 #LL L 3352 HKii 69 A

3352 LU 1 4913 K 68 A
4913 LU L 6647 AR 68 A
6647 L E 11512 5K 68 A
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12000
10000

8000

steps

6000

4000

2000

before 0-30days 31-60days 61-90days

K2 77VA YR —IHIETOSEHERE

(P <0.01) BEREAPRONZ. Q2iiF, 1 Y A b—JL
i A4 2 F—L$2 30 HEIZBWT, 1 HH 72 b O Fik
1z 954 £ 89 % (P < 0.01) BERAP RO, Q31
X, 4 YA =531 HH 5 60 Hitk 61 H2 5 90 HED
MicBWT, 1 Hb 7 b OFEHHIC 298480 2% (P < 0.01)
DERREANRE SN, Q412F, A YA =tk 0 B
5 30 H#E 31 H25 60 HROBICBWT, 1 HH b D
SEEPBFRIC 170 £ 88 25 (P < 0.05) AERMANR 6Nz
AFERID, 7XVEARKICBO TR MEZREE LD
37 7V A VR b= RN EIGLED RS DI h o T BET
53 QL THRZLHHLIICRoT. X1, 4HDS b
2 BEHITEBEDI Do 2HTH 2 Q2ITBWVWTSH,
BHREEML T, Zhs ofiRER % 2, KIWI GO
EAVRAM=LT B, LA ZIUTIESEHNZ L A
AZH LT, KD IRMMCBREHZRETZ 2205 C
ERHLM R oT, —HT, 77VA YA N—ILENCH
SN L Do T BETHZ QAUITH LT, 77V 4~
AR =i 0 HA 5 30 HETHEEHBBMET LTS Z
0o, EEHBHBLZVRAEICE, TTVEA VAN
NT BRI PRVenS ZeBbhrol. M
LoOBREEEZ, K7 TVEALA VA=A TBI X, A
YA b —VHETD BRIEEIE DI VR AE N LT, Sk
HEOMEEIC K E R L FHET 205, 4 YA b—HiD
HREB RO Z WHIHE I LT, SREBI O eI 33
BEFRBELRWI AL~ R o7, Ko T, ARILIC
BWC, 7V E2AL VA =T 3 I e THEBEHOEMD
EEDEWIRE L IE, 4 VR F—EiOBRIEEE DI
WHIAF IR LTI, ELWE SR 3 Lo
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8000

7000

6000

steps

5000

4000

3000

before

0-30days

31-60days 61-90days

3 QI~Q4 DHRHDT TSV A4 YA+ —AHIRICBIT S
FEHBZ e D 1 HH 7 h O

F1 YHEFLIFLEZDORBFEOREMED
R&EHHE I W IEMEE
MRNE(N) n=988 n=142 n=846

R/ H () 4694+ 57 5029 +£130 4638 £ 63

4.2. 1R 2 DR

LEF L IIFLEFOSHONRREO LR EZ1T - MR %
£ 1ITRT.

ILEHOR L L L, YR EOHD 1 HH 72 h Ok
B3 391 HHEEWXCKE o7 (P < 0.01).

FU—AHF v GBS — 2120 LT, YEAR, HEHD
0 B2 5 30 Hi%, 31 HA2 5 60 H&, 61 H25 90 HED 4
DDORHADEHFNC O WTHIR L 72412 4 1R,

10000

8000

6000

steps

4000

2000

before 0-30days 31-60days 61-90days

M4 F)—bHF v HRROBBAK LD 1 HB%D
DFIHH

FHE Zrico ool e R L7z v 2 5, Hi#EH
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A 0 H2 5 30 HEOWIMD 1 HH 7 b 0 FEHE
568 + 142 HFOFERE R MZETE /2 (P < 0.01). 20
Er DI OVWTIEFEREREZ IR SR d o 7.
LEREZEOHEN T ¥ LEHATOFESHBI L > TUTO
k24 EIL, HEUCB L THF v TR HRAT, HF v 4%
Ho 0 H»5 30 Hi%, 31 HA2 5 60 Hi%, 61 H25 90 H
%D 4 DORH OB BT OV THE 21T 72

e R1:
e R2:
e R3:
e R4:

1290 #LL_E 3496 #5025 A
3496 L1 4360 HER 25 A
4360 LU L 5702 A 25 A
5702 2L 1 11932 A 25 A

MRZPR 5 IRT. RIBHCBWT, A F v WEF e HF v
L3%1% 30 HEOFHMHICIE 1450 £ 247 % (P < 0.01) OF
BERERPRD SNz R2ZFHIIBWT, HF v H#EATE A
F v 3% 30 HE O FHMHEICIZ 690 £ 196 4 (P < 0.01)
DEBREANERD bz, ZhH o7 —xEEr Bz o
HAEDORICREELREIRD SN o/

7000

31-60days 61-90days
5 R1I~R4 OFKHD PV — 28 F v YEFRITBIT S
RBHBZ LD 1 HH7z b P58

V=26 ERHNRT7 TV [ V=TT 3 —2 | OF|
AnEH ORI E 2 B2 ME LW B T, ¢
V=2 4 — 27 DA VR P—HIRICBWT, 7 7Y FAE
D1 HH 7D OFEEH 579 B U 7= 2 2 i X
TED, V=L T F vy SEZEOSBEM L FRETDH >
7. K€Y GO BEKEHCE R 2HBITOVWTHEL
7855 [8] TIX, 7 7V 4 ¥ 2 b — VIERIZSBIEMA R S
na0, REEE L & S ICHBIEMs BT E D, FIg
W23 6 EECRIFABIMERT O KHEDFENC R 272 L, MR H—
HoOFMAZ RN TV RAREME BB I TED 8], &
WAL DOFRER e UL BRI TH - 72, T2, AREEOFEFIE,
RV — L8 F v Y%k 30 HRETOHHOMIMED, YEEh
DHEDIP 70 RLFFE R2BICBOVWTRICREWZ & 2R

Al
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LTBY, RU—=L0F v OY#ZL, WEFICZUIEFIE
THEDEFE TR o 7 FHE O B AIEEIEMREZ X D &L
TWBEWS ZeBHLICHE 72, Ko T, AGEEICBW
T, UY=L F v 8T 2 2 e THRIGEHOBRMDE
% WS REE 21X, ToA BRTEBIETEFICIT o TV R HE
WH L TIE, AFEEREPSIZELWEIRE AT, T4 HAERTEE
DIEFETIX 0 o T FIHFITH UTEIE L WS, —R %)
R ¥E3HDTH B w72

FLHLFTERDEE
ARETIE, AAFUICBT 2 XD SHROEAICHNS.

5.

5.1. F&®

AW TIX, Agileware Inc. 12 & » THE X7z KIWI
GO 7 7VDERRT —I 7 45— a v, EBICYD X
542 L CHIHE O B RiEE o Zakmb EICHEEL TW 2 D
IZOWT, 2 DDREZILTHONZITo 7.

DHOFER, 77V A VA P—LF 3 THEKIGEFOD
BRDBEEL VIR 11X, 4 YA F— R0 B REEE
PO OFHZFICR LU TIZELL, RU—2hF v I2HET
3 2 THEKEHOBMDEE 5 & WO REE 21X, o4 Sk
BN IEFIAT o TO R AZE I LT, KR HIIEL
WEIEE R, LA BREEITER TR o 2R AE
LTRIELWY, —RNBHRICEEE2H5DTHL LWV
fEEm RIS

HESBUISHREHROIEEDO—DTH D, LY RIS
TEERBIREBTIE Y R 27 ¥ OBEDH S TW2 [9]. B
1,000 2/ HZ\WE 15 WL Y 27 B3RV WS HE S B
D [10], ZE KIWI GO 7 7V A YA b= R U — 4%
F 2 BEEDFIHIZ & o T, HFROEM»HERI N Z i,
fRFEEMILHOBIND & HERIKEZ V. F/z, KIWI GO
PHRAZBCH LT PV EBALA VA=, RU—AHF ¥
LT 5, RIS, LA BIREEIBER TRWAIAZ BV T,
BIREEERE BEL T\ 2 2 i, EFEKEZRIED#N
POLREITNELATH 3.

5.2. SHROERZE

AWZETIE, KIWL GO DA Y A b= 2 ks — 3
T4 —=2avDEIbD—D2TH3F)—LTFvHBEIK
BENCRIETHEZ OV TN LS, KIWI GO 12k F
V—LHF xOftucd, #igne 74 v R—F 2 HEEK
R=F 2, FILFERERPARY MEREE Vo 72F =3 7 1
r—YaryoftflapEEInTWS. Ein s 4 Y R—F
A% HEGEM A — F 213, FMHE O B AIEE 0 B8z etk
FTHHNDD EEXNTWS., KIFFED FY —oHF ¥
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KT 208 T, NV —2a8F v 3FFAE MG 2k
FEHOREIIHEL TV EEARVIEPHL2E
ot 2D, KIWI GO HFIHHE OGN 72 & (ATEE)
DIEEICHEL TV B0 S 2EFENSBIE, #iin 74 >~
R—F 20 BEEEM A —F 2 DKEREICE U THi 7= AN &
T, MAET 2B H B, Tz, FUFBERER A RV M
HEWX, ¥ FSMEORTOLEN SR 2R L, 178
BEREZRIZS 203 HVD S e FEEIN TV S, LEND
BRI X ZEEO X, BEPEERMICE T 2L FRVEIE
DD, /mHHCREDERESEWE INTED, FIA
HOHRIFEINI G X 2 BN RENZ RIS, Z
D7z, XU FERER A RV MEREICE L T, Hiic eikE
Z3C, FAZEOGREINOEEEERIE LW e E 2T
A=

KIWI GO 1243, AR THEE LIARBEDIZH TS, O
MR TREBENZ SERINATWS. Sk, AL TR
RIZD o T REREICBI L TOAIC D WD A nEe ER T
W5, AR TOE D AR RS HROR D M4 BIRD, £
RINCT, KD BN L DR EEIZEET 27D 07272
T7ATFT7HEENDE ZoTERIUTFEVTH S.

HEE AMRORITICHID, ZHOTF—X2ER O,
HR— F BV W Agileware Inc. DERRICEE K%
ALEFET.
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1T T DB EahEZRIRRE LT
Ty OMRAEDI-HDREREET A E

W 28 we HE— HF HE K = * I B * R E e 5h.z
JIE > RE ORI L FIAH EH Bt F & By st
A2 NTT FaE* FUN R BEIEFR AN
(¥—vV—F) Fv, Ay 747, (TOER, THEEYE, T84 934 b
1. IC®IC FuSIcMHBDERL T4 TRERE

2019 4 12 AECHEA LF a v > v 1 L R EGYE
(COVID-19) &, 2023 4F 1 ABE D IR D 7@ U aSii7
(1. BER&BIRE, X714 70567 a—LilEe~
RV EREOBIYE T ESHERI ATV A1, I
2 —DFEM L OB A SEAEFEE X D 3 BEEE [2] AiHE
BIXATNW3S.

FZHBERLEREN T LY — 212 X 25t o =i
FET B e BHEBEL TV D00, HaRIAEE Rkt
2 72 DI IEAHIENIRE D B D, RGREFLK O] &+
ERFEHOWMAEETH L. —EDHNHEDND BH1IE
T3EDPERLBRVEIICT 37-0121%, EEGH O,
FWIZ 3 L BMERSBERAIRTH 5. BRI R
MO FB e LTk, FEIREpa3E MERR A I o JRMERE RS
HOEPMEBIETOTA 77V VEREZLNE. OF
D, TS DITEEREMRT 2 & THR IR IRME % RN
EEBZEDARETH S.

Lo L, BHEEGEEE B LB 202 TE+5
RATHERZRT 2LV, FTHEEZR T DD
Rk DD, 4T 4 T34 ICLBBDRAD
DHECH E AT 2 THREEOTETH 2+ v ¥ [5]6][7],
F= LT RN =BT — W HUNCIERAT 25— 3
Tur—vay 89 b, HELX LT, ‘2ot
LT3 L WIRBKERE S,y O THANCEMEIES Z
ERSHRSATHZR T ZEAEE L.

—HT, FyPRARETRVWIEBHON TV, FEE,
“F o DENERDH B DDZEDRBIINIV & EZ B
EH¥ELBD [10], BT v POMBZ T IIRADH
e Twa [11[12). 22T, XOITHER%R
RE7=DIZF vy VRFHOE N, YT 4 TRMAED
BEFEBRBEZ SN, EEICZOMHABDLRIZEZNAD
ABEIMEIEE XT3 [13].

FoIr A vy T 4 TOMAEDEIIEL L RIGHETIH
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I X
TRESI< HhEROEEE
FYi<<W BHTIIHVES
2 + e

FODIA T TREMHEDENA

1 A2y T 4 7RHMASDLERT v POREHED
T2 DEFERFTA X —

FA[EE— 15T, HAEDLEBIBDA v 5 4 TE#&EHC
BEUTO3E2ERTI2LELDS. £3 1 8BIF, 41~
YT 4 TOMANEL ZOHEPKEVL VI HTHS.
BARINCIE, 4 YT 4 THRENGERMD THR W
BEEWVTHERNRIIFTE T, £, D TRZWVWES
BFFy P BB SESVERTITHMERICES DTy
YOMBRENEEE Y 5. 2 HEE, y—ELRBHIIBL
TAYEy T4 TRBIERTHZ2HTH2. LT3R
B, 7Yh VY708 14 8=, BIICKENA, by
T4 TEERTDBIETA VLY T 4 TENXL LD
TEHERNRENBPLTLES. Zhs 3pkERLLL
THy POMBBREEITAZ I L ZERKZTHELERS.
ZITERBETIE, A vy F s TRMAEDEL LR
HE LT v DORMRMREEZATS L TOERBREHiELRE
£¥ 5. BEINCE, 4222 F 4 TOATHHERAERIT
5372 —ReF P4y T 4 TEEAEDETHERE
HEZITS 72— XD 2 BFEOEFFIHTHZ (K 1).
kD, FuyDRXBTHERMER LoRMEKL D
OITHMERLEZAL vy T4 7BERELRLLET, Fv
COMFMEEZFTREL T 5.

RESUIRD XS IR N5, FETIE, FydL
AU TF 4 TROVTHRR, FE=FBTFv Ity
T 4 TERMAEGDEILERFFHTEICOVTHL . FH

-
-



T2 S SIG-BTL & VRO W A

BT Z DOFEFEGEHTED T 5= U 72 FEIEERIT O W Tl
L, BRICEAETRBLICTOVWTE LD 5.

2. BRME=R
2.1. Fwyo

211 FyPoBE

Richard H Thaler 512 & » THRIEXH7zF v ¥ (Nudge)
2iE, MTi\E< oK e BEkERE, [TE0RETVE DR
Wil 3 2 2 e R HEMIIYARHRICE > TEE LWL
TN T A AR 2R T [5).

F v DHERIE, ABIZLT LD EEINIITE LRV
HOTARKN 22 R T2 C V3 3 BA IR e 7 A\ P D AE 5 15 Bl % 525
SBT3 Z 2 THL2I2T 3 & WS TR D4
ATHRBINTDDOTHS. TOTERFFOEML 723
D73, Daniel Kerneman & O1gMg L 7z —E i fEHG [15] T
bhH, TOMHICKDZ e ADEE, EHLE, BEREIER
20DV AT LIHFEEINS. 10@ B CRIER, »
OHBIMICET 22 2741 THH, b5 —23HBHN
PORHINC@ > K DILHINE S RAT L2 THS. OF
D, KRZDI AT L2 TYHOHIMZITS 2L TEN
X, NSEHEMCE 2 e TE 3.

L2 L, ANEEHEOHRTHEA R EERE L TEI% 5 2
WEDRBH D, ?NT®%$%%EWKM%T6 & R
TH5. 2Dk, HEDERLEEDRIND S IXE
ﬁMK/XTA1®EﬁM@k&5LZ#§<,G@WT
BRWVTENCE->TLES. Y2741 BHEIRBIZE
BREDRBRILICEREZ—HT, K LTHEELERICE
WoTLESIHELRD . HlzX, EHHE WS SNS I8
ZERBRHETICEIIRERETH 5.

ZOES, PRERFHORBIETHEMTIFELL
BWTHEIZIToTLES 22D 5720, NFEMMTHY AP
HRCE > TEE LWHAANTHERZRS - v O0HER)
ThHrrINTWE., ZITHELEZVWDIEZ, Fy2iEd
RETEADBERERENT 2 222 K ROBERIEY
RBIFHEOZLTHD, FMADPFHREHZ Z 2 mtta
HATEN 2 REEICT 2 Z e 2 B85 R T v (Sludge) &KX
Aahs.

212 FyZofl

F v DITEE, NORFIANA 7 RHIZHREFIN 5.
HIANA 72202, FFEOBRES ZNETORE, EERFOL
AR E2BHOFOOZ v 2RKT. NZZORHORD
WY IEGHNREREREEZLTLES D, Fv IR
DEAZRBT2Zo03 252720, H25VE, ZORH
ZMFIICED XD BWVTHZET I 2ENELTWS

O LBHINA 7 ARG LT v D34 H 50, K

=3
B
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L TIERBHIANA 7 RRZHE DI Ay =DV 7 (7L —3
YIRIR) BWRS. 7L —3I MR, BROEROM
F TR HZEDPEC B AL TR THB. F0VIRZ
2y, NEHIENCEMTH->TdH, ZOFVHELITELD
HIZ Rz 2. flziE, UTFO 2 0OXEIIFEMTH 57
HELLZRTHRAMRDBEIRRTHLEZONL D, F
BICE DRI T 4 TREBETDH 2 Hi1# % RIBED ST H5HER
EHEW [16].

o itk 1 » ABDAEFRIZ 90 N TIDBFMLETH?
o fit2 1l » HDBETRIZ 10 W TINFMLFTH?

213 FyPDFE

FOYRVEEREERET DI, HATEREEDHAR
> v Y 2=v + (BEST:Behavioral Sciences Team) %
H R, RECBIT 2B LHiE e HEE T S M, Hiia
BFYANANEICBIT STy VOIEHRDED LN TS,
:@;5&,%%W%F%ﬁﬁ@#lw HEEFLCTREE
R, BBEHFOHRFEBRIICHENT TF v O fHADHHE
Litdohs— 7'7—'C F v JIIHH “Cbifot SENRDI/NE W
EEZBRFFED DRIV 10, NoRERE R, &Eh
TV BRI, EHEICKE (ﬁiﬁ?‘%t@, “Fok
BIFL T 27 v JIRIERRYH 5.

2O L7 L, vy PDRREE®RA W UEHEA
BER DD TN XD F v Y (Beyond Nudge) 23R
HICHET SN TV DD, ZOERIFIEBEHE L ICERDY, %
RELEREREEERS.

2.2, AvtE>F147

Aty 47iE, NOBERECTHELRIES
N LB T DD DM ERST. 1 vty T4 7
X, SEAZWENA VYT 1 7 IESEI R A4
veryTaT, N4 ey T 47, BENA VYT 4
7, HOEBWNA 2>y 74 785 5 [17]. RawX T, &F
BN E 5.2 2 B8NA ey T 4 7RIS,

AT 4 TEHEFIDODDRXI v —RFIED 1
DTH Y, PN, EETEOMMER Y, RAVIERT
HWHATRETH 208, ITEEREZRITICEZ A vy T4 7
B2z 0BEITHOEMKTET 2 2 3HLATH S,
TR YD 2178 & FH L K2 B 2THICRER
Aver74 7RIFERDY, BG4 Y2y T4 7
RADBRETH L. %72, A vkryT 42 THRBERZERTH
D, ROoWFEETRROITHAEBRMREEONS XS 1IC
BELL TV e BEETH .
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3. RERERE
Tyl aArtrTa T 2AEDLEZIBROFE
FoIPe Ay T 4 TOMAEORICEBIT ZHEELE
WD EWTEIEERPR NS, EE, HAaEbERN
NI & BATBNARSN R E WAL LIRS WL ODFET 5.
BlzE, =7HI A RXTar T ANOBMER TR
BT, SMEEDEENT AL 10 %D NI 20 KL DR
BEZohdaryiiu—#tr zhucty DERRHAS
DU THEBMIEE LT W3 [13]. ZOMIECBWTIE
FoPORETEREERBATETWEZD DD, £ vty
T A TROZYHICOVWTIEBIEE A TWRWY. DFED, A
YRy T 4 TR 20 RATRED-1RGE, ;v PDHE
THREERWERTE R - LD 2.
CITOFEL LT, A vy T4 TEPEYTRWVWG
BlE, THEBENENA VT4 Ik v
X2 DPRIRPME Y 72 28 THB. BRI, 4>
YT 4 TERPEDTEVEE, Ty YOFMRICELTIC
EWIERTITEARICED, WD THRWEE, 1>t
VT4 WK BMBIA LA TERS RS, DED, @
DTEVREDBRVEZHRLEZLYREDL VYT 4
TERMAEDEEF Y VOB ERERETH S.
AKEZDEIRA VYT 4 T F v O RMAEDE
WEEE, 7 R ALHEEEBRICE DTS ZeFELWL. L
ML, 4y T 4 TORBEOEE Ny, v P OREO
% No 2358, BAERHEUIE NNy 22D, —BEH7=D DY
VINHA ZDPNS L B BEEL NI RS> TLEDS. F
WX B Y, BUBRA YT 4 THARMIETETE
D, ZOREORE N3 328, (N — N3)Ny 72 0H%:E
BBEHIRT 2 Z e BARETH 5.

3.1.

3.2. RERREAE

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

BHID 7 = — A Ti&, BOITENIN S 2 2%47% 14 &>
T4 TRERET21-OOMBAEEITS. 20Dk
HIAORVWEDP LD IBELVEFTHRARA VYT 1
TRTHRBIEEITS. 2O, BUNCE X 2 WA %D
REREICEERRIET T o h 0 > 73R [14] 238 < ATAE
WndHs. 2Fh, RINZZ WA VT4 7RIBRLE
BE, BOXDDing vy T 4 TONAITHEAR
WIEMSME R T 2 AMREMD H 5. 2 TAEETE, IL®
hnwA vy T4 TRERL, REAKA VRV T4 T
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BEWMXE5.

AT 4 TOAIZEDNMARRE S L ITHEY KAV
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RETIE, B3 BETARNEERRETIRICHEIETHML
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4.1. SREIREBEIE

NTT Faer AMKEE, auFiicsd 3 EHEENZ
B L7IATEIE R 2R THEAEER L N KFEFEF © >~
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#£2 10 HZBI 2K EOITHEARZEL DY
MRAERE ‘ week1 ‘ week?2 ‘ week3 ‘ weekd | g
o v | 0.77 1.03 1.11 1.08 1.00
a—)

Fv1 | 0.89 1.04 1.38 1.45 1.19
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MNELICHTS DX HEIZHIT) TS5—BEEORYEH

% A T M et A RT3
A S UACT RSt UACT  #RUEt UAC)

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,
T—H  FUOXNEMEITER L RSO LR E S
ShD. ZDXIRBRICBWTRENFS LOBMEL
LT DL, BT 2 HERHEOERE IR L, 7
CHANET AT F—A—1 g (UUTF, DX)E TN S
EREEITRDHEN TS, BB\ T, FE¥E ToT ©
IEA% &3 DX #HEEL TV 5.

ER/EZED DX ~OE O ARIUIILL T O#@ Y Th 5.
DX B 2023[1]ic L % &, HARTOERY HAFIETT 2021 4
FEFRA D 55.8%0° 5 2022 FHEFHAIL 69.3%IZHIM L TE Y,
KED 77.9%IZESNTWD. LinLans, mRAIHO
EIE IOV TIE, KIE D 89.0%I2x LT H AL 58.0% & K54
ELTEDOEITRELBINE L > TS, BEMIZIX
AARGEIT AP = a T VF 54— gt
W o TR Z DT X2 b oo, flifiglHer
CRAETNDEELE NS N T AT = A= g UF
Rt THY, TX=£H ) 1A 7= H e 5 B0 A O
VETHDL EWMEINLTWS.

LT AT, BT DX ZITEEEO—>OFELIE X
TWDER, ORI RERZHIETRELPREREEL
o TWA., TOERKE LT, AREHEE - AlET 5 (=
VT TR N2 ENBEF 6N, B¥EN DX 2587
DI, REBEGOHEEE—ANVL VN DX #AHFL
Bz, ETCOEVRANR—=Y NI DX IZET2V T T —
EHIZOT I AMOMER - BB LETHDHEZZHND.

BRx e B EICB W T AM B RO MAR 72 S TE
D, B RUEREA—HI—ThsHAARMEGETIE, BER
EXRELIZERT 0T T AEERT — 2558 - IEA A
XNEWADT—E AT T 4 X NOBFRICEF LT
5[2]. BT, RAERZ T TRBGIEEST LS
Wi 2EER ERRIC, BACEFNIE L THRERY 75
=T FIOTF B LW RIESIT B FiEARRE L, #
ELTWD., ZOWYMAO—HEHFNT 5.

Measures to foster literacy for DX promotion in the manufacturing industry
11 YUSEI ISODA, UACJ Corporation

12 KATSUYOSHI ASADA, UACJ Corporation

13 YUKI YAMAMOTO, UACJ Corporation
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2. DXHEDRREFRBEERFEA-A%E

DX VT IV —HEERKEIZHZ- T, BURIER E L T4
PEEBO DX [T AEMEFAE L. hab & ICH8E
LB SR R BRI L, FOFEE TR LT,

2.1 HEBODXICEETEIER

WBHAEEB O DX ICBT 2@ ES e R 1 ITRT.
ZhIE, WUHOZHETO DX {HFBIORYIRY OFTHED
nNictEmE ) 77— /"~A4V NOBATEHALZHLDOT
HDH. Bl oigkgE LT, —REEICKIT S EHHA
BERERIZONWTHHDLETHIZET L. VT 7 —I1ZONT
EHET—FZ N7 [3], =4 Y Fizownw Tl
RECEPTIONITST #0245 R[4]TH 5.

F1 Ly, YHREEDODX VT T —BLUDX IT6T
DAY KRBT BITIETH L Z Enbnd. Stk
O DX VT 7 —R3REERBZNENNELENEIL L TH
[ Tdigital-ready (7 2 % AR 2 B L L LG U7
TERNRTE DR LR V0ERHD. LNLRRL, Bl
RIL DX T2 AFARERZNIZE D AN & T—
NWEREL OPRREEIRETHD. DX IZXT DA 2 FiZD
W, BT AEBURHER NS T AR WIREETH D OO
HEREHIGLL EOREER LD EBUREMERE LIV - B
INIFIERfR E WoTovw A UV RTHBZ Ebhrolz. Z
NOE—REEOEMPFEMSE L AFEOEHTH - 7.

# 1 UACTIZEIT % DX HEMEIC RIS % Bk 2 i o

Tablel Perceptions of DX promotion in UACJ.
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UACIHE |-AFIDRUNET =)L EIRTE CERLY
DXOT=ILHDHSEN
DXEEONTERINSIABIES LD
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EE PN

<opER /EFRIELL >
DXOERNEIIERT SN, BT
WRWESHFREMI TEIEUEGRL
DXUFFS—Hed A TLERE
Ly, MR T(NS

ELERRTANSNLAL
SHREENEDIDEI/NTND
SEFEEPLIL
HEEEIEL TLRL

—REE R FIACS DI
DT BIFRINFER TELL
LINSFED TEDDHSEL
T—HEROHEHIRN
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22 DX UTI3V—HENBITHEBEELUVEE

X 128 L CHURMER S A 7 2 D22 0 A A —4E B
HEBEHERRE Lz, £212DX VT 7V —HEBEL
THRMB IO REZRT. @@o B RN LEIZ 2

WZDOWTIE, — IR AL B ORM512 b IC& B &
Uﬁ%%ﬁ%bk
BRI T2 HROFEMILL T OE@Y ThHD.

#£2 DX VT I —HENEITHEMB I OUHE

Table2 Prerequisites and measures for DX literacy

education.
BENRING DR R
DA EETHER R THBELER
QFBMR I\STAUCEBFEE
T HEOENE
FAPNFA2ZTLADER
BRBEODRIERT [ F1-H-ORE
F - EBTY—T4T
21 -3 0FEM
@UIENE S ESRIEDOFI A
SERLER, BUOERE3IEHT

OPN ¢S
JRFTRI 22 BRI K D NI 23 @A LienwZ &, 2tk
BIZEEBRERTD, EAHEDOEXTHEMMID
BRANCDX AMEBRTHZ & & Lz, 2022 T2

HIMISLTE > THTONIZ F T A T A DAES T TH 2.

@ FHEHR
B DR TIERL, THR<EE) o A4 05738
IRV RIIRTT—HERAF L ZEETE L L9
THLZLTEEDIREGDL LT L. Elenvs XA

VEEENONZ, K1 IR XD REEE TS L— T
iz L.

HT DI LT, FENEOERMREZRT L O
PRIEPE &S BT, PC LB LB X EHNWTT
2T VT A AT LATHIET, a—F 4 v IRME
M Z N RE ST 2 E oiC L.

£3 DXUTTv—HEDALTYNE

Table3 Contents of the DX literacy education.

=== mE
1E1E Pythonld. Python(CHiI 3R, F— oM
2@1E BNEL(forX, whileXZ). SIBISZ(if)
3EE M
4@E F-IOHAE (Numpy,Pandas®))

F-SnHE (Pandas?). 7—-20E#At(matplotlib).
ZOMAF#ES4 T3V (0s, pickle, read, random, [EMER)

6EIE FFE. V- SRRl
VCER e
SEIE Mt
oEE HiNFE
FGRIG 108 kel
11EE iRy E

12[@E SQLAIchemy (F-4/<~2)
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B/AILEZS PClinzk
HENOEEZHS ENAINEZAZSRBURNS
= d-F42788
=TI R BRI RRC
M 1 DX V7 7v—#EOEmLE
Figurel Setup of the DX literacy education.
@ ZE OB RMEEET
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HZANDZ ETHDH6].

BB - TG e KRB 2 RIRTE D
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FFEERAPHIL L THBAEVDGTE D
MEES ZENTED

2T —F 4T ala=r—aroflErT.
ITEOFALEE, AL TEEENMENE ST
W5, ZIT, THEOKRTLEDFOFRAK - R
Mo UTREICHE - 3BT 0o le 7 =7 4723
a=l—varERWD. FORE, ZiE OB
EFALCHBMEAZET LN TEDLEEZTWD. lH
NOM LD REESZT, BIKLE LiFudnidzn
EWVIRIEE L 2 L BIEHREOFEL L VW,
V—H N L > TIREEINTZHDOTHA[T].

F =R .
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X2 T7H—T47aia=lr—aof

Figure2 Examples of assertive communication.

@ DER R

BrDEZRRFELEHICH L TTHRLLTHST
XHREOZ LB LHENEZEME LV H[8,9]. LENRA
MK T B E LT, @D BREME L REEICE I V—T
WFa—F—%EL, FTa—F—llET7V—T 1472
Rao—vaVEEBRSERE. BHEOHBIIBWT, &
HENOEMITEEZ S EHT ORT 2 —F —D&ETH
%. HE OB HEMITENE, FENE O BRRIELE -
BEOBLNTEDIZOEETHD. LoL, HFEOH
AEEITEMATENOEBN 2B R A H 5. KA HIE, X
FAEOBERITHICHES T HERIZOVWTHAL TEY,
[SFLRWVERMTEBEREE BEbhi=< 2w, TS
7o) Lo HER, BRA~OEHURL BEET 5
T EERELTVA[0]. T ERERIC, BOOITENC
KPUTEA - RENRATT 4 TS ET 2O TIERWN
D EV D B B ERYTENCHEBMIC 72 5 L Bbid.
Lo, QIR T —TFT 4T alia=r—alk
HAWAZ ETRLLTHRETELHREEZSIVEL, B
MiTE A S|+ & & L.

FRABRVALEZHEDROMR L LT, Zi#HE OB
TERLIOFRT o r— P EFEM L.

3. HRLER

3.1 ZEEOBRMICET HEHREE

DX UTF Iy —#ETEART—FEMAXLEHEDN
WEBTIERA L TV I HRT A0, ZHad~e7 U v
THRFEM L. TOMEEK3ITRT.

DL D 40%IZT — FIEHA X VA& AW T B IRSGRE
BT D LW o 7z DX ITRT D BFEME LV O R CTHEREY
REBENRBDONTZ. ZOZ D, SEEEL-ZZEL
DX U7 7V —BRICBWTHDL —EOREN/BHFETED
LEZOND. ATRERORN S22 @EE IR LT, &
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572 5B 29 2 728 & L TRl R & 1 -
DINEHZDFETH S .

Fhid o

M3 F—XEHAXLEBRICETCIEAL
ISALEE S =2k =
Figure3 Percentage of participants who voluntarily use

data utilization skills in their work.

32 BREICREFTF1—2—0OEE

DX VT 7 v —HEOZHEMEEIIKETF 2 —F—
DEBLRET D720, BERTRICT v r— M EIEL
7o, 7o —MEREL LICHEE L Fa— X —IZ87T 5
FIB T & e L=, T OMEEK 4 1R T.

X 4 L0, ZHEmEEIHT DT 2 —F —OMHBEHREK
1072 Lo THY, &7 v — FEHOF TR HHEEN
BN ENbhrole. ZNEY, DX VT T V—HBFORL
BLICTFa—F—tpalia=r—rarBnREIEAL
TWABZ ENbholz.

M4 mREICRESTFa—F—DiE

Figure4 Influence of tutors on satisfaction.
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L AT, BEBEECHETERDSTEHZRRIEN
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4. FEH

YHBEHR—FEELREZNSR L L DX VT 7 v —8F
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U I BRICIET D0, T OFHFZM 2 £T
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%. 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 = (€))]

FP+TN

TN

FN+TN @

NegativePrecision =

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 BEERRFE

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, #%?%Ziﬁ%ﬂﬁ’*bﬁ z SYFEREE %, £ kind

ZA3 T CRERIEIZ Y — Ltﬁpﬂb) , 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 ﬁr&%*ﬁ&#%
VERHDH. O, RAEBEREE AT BIE KR

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

VIF = —— 4
g2 €Y

R R £ o 2 B IRIE O BE 2 388 D Bl VIF > 10

E L.

6. FRE#ERE

6.1 FETILOSERE
BT IVONFERERTZE 5~8 |
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 KEKE FE
DA EL TS, 5T, O&ORiD kind TH—AL ThH -
AR DEER—A L LT, | FIEENLIZHAE DY
DOYERSEERET O LAL &2 HH TS kind 239 5. MA T,
IS OMEAG D EIIS RIS I%LJ\J:ODFLJJ:Z))E b

IZ7R9. 4 kind @

T, X=XV bEDTHMAEDE LR ONTZ. 2Ok
R, NR—2ADMAEDLEITH LT, BEEDH D K=

OBIMMB DRGSR E 5 2 TS AREERH 5.
62 BETILODEICEDNLGHEEIZOINT
FEARA N RERIC L > THBERBENKE L

THEIREBMEITIR LN oT2. 721250, EEMEN
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7 5 1kind I231F % % Harassment-Relax &7 /L D 53 FEIG 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 et
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 $ENE FE 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 All Subject
41 e Relax : 44 g 4 o ®
® Harassment [ ]
3] ) | = 3 ] L] g °
® o° o o
2 F ° 2 2 *
e ®
g 1 .. g ? s g ! %
z est s N . £ ) H B
01 ® . ° :.
g -14 -1
-14
-2 -2 .
-2 g ® Relax
—3{e ® Harassment 34 e ® Harassment
-2 (') 2 4 —'2 {') 2 4 2 o 2 B
HR_max HR_max HR_max
2 4% Harassment-Relax €7 /LD (HR_max, NN50)7 — & A
AT D FEREEE T AN IR DB o7, E£72, FifioE

BrE 2T, %%T/V@ﬁﬁf%iﬁﬁﬁﬁ‘é &, 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~<—
ADMAhAELEELTELLND. 72721, (RRL min,
HR_max), (NN50, pNN50) {22\ TIEA&ET VD5 FAR
ERFHIB W THRAGDEDRFE L T,

2kind T, (HR max, NN50) OfAHDOENEET VI
BT Flscore BNl b -7, ZORRIL, (HR max,
NN50) B/NT AR v b &FAT 5T D 4kis Lt%@;@
MABRDETHLZ EERB LTS, K21, £ET L
T — X285 (HR max, NN50) O #AIX %~ .
Harassment-Relax(High Stress)( Harassment 7 — & 2343 L
TV 5%—J5, Harassment-Relax(Low Stress) ClX /#2751

Harassment-

otz ZoOZ LD, (HR max, NN50) D4y EEN Sy
HREICEN TS,
S5, HFETNVCRT D ERodE LA bE L

ZOBAORME%R< L, Harassment-Relax(High Stress)
ClX HF var, Harassment-Relax(Low Stress) Ci& LF/HF var
BHETBA NV A2 T 5 ETHAORRBEETH L Z
EWEZONS. E£2, ~NT A A MRHTE T VO
% Td % 3kind  Harassment-Relax(High Stress) C I

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

A bV AD— RO & LT A REARRE SRS L, Rl AR

DG S B 23, K%%Ti DFFEPHER T X 7edro
7o, Lo T, ka2 EREREICEBIT DA RV RRETET

f@<,M@&m&@w@#M%f%a
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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 — 4 Ti% (RRI_min, HR max) 3%
BLTWZ &b, R TR SERBEFHIB W T
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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DHEBERHEZRE L., ToOMRE, Z8NRA P LARN
FWVEEDEREICEELZ 52 TVWA I LR ENT-.

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
%ﬁuhk@EWﬁmm@%ﬁbﬁﬁﬁké.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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ERERREECRIT-EROTHESR

ANCT=RGAR H =R

NEC VU a—3 3 A ) _N—F e

E15)
1. 5

AR, KREAPE, KEHT, REFEFHNGS O EHRE
PEBRBUAE R ~DEREA RO BTV D . EHRIRE = el T
IIHUIEETRAE R OBG L LT, AR S AENY &3S
HEEULLTWD. BTRK 250 23T ZH BN A D
BIUXFHDO N REFRSNTEY, ERIZWVOTH Y

WAZHEETHZENTEDL LT R->TWVD, FILL
7"% CIENA AT Ak TEIIRCWRNEN S L Hg N T
FAALTWD[1]. AZAENOBRELEL LT, £AZTH0OME

W%%%@?’&&é”%@¢@£%%ﬁ6¢:&ﬁ%é

AEARIR O 7o DT ER O ZH 5 HATE &2 AR T 2 HEH
%U,%%Bﬁﬁ@ﬁ%%@bﬁ%@ﬂﬁ_%&dwfﬁ
ANETHA Y, EBREZBELTHREMIE L. ARTIEZ
NETICEM L7-FEBR & ZDORE, 2 hbERFEOICS
WTCHET D, 2 BTIHAEZAORIBUREZ IR T 5729

WHER LTV AT BZHOWTIR 5. 3 ETIE 1 D HDER
ThHhHIEHRE 7 4 — Ny 73252 L TEROMAST
ALY 2 DOEBRICOWVWTRRS . 4 ECIIBERERE 7
4= NNy 7§52 L THEROBRERITEIZET 1 2D
FERIZHOWNWTIRA S,

2. EZAHERKTIDEREORME

5K D5 B A WRFE T B 72 ISR AT 1% 00 7 — & LR
MB LI DN, EZHREROT —Z FHEIFECE 2 SO/’
BN -7

DIFFHT —=Z BT EZ IR TWRNETH S,
TC 2 I TEIREIEEE DRI T — 2 25tk L, ThzEX 1 ©

WCFETEH L W ZD7RD, OHTICFEBN
HRMTH-T-.

H I 1 DEFGHICMERT — X BREL TN D 15'6‘8?)
Tt O ZH B BT 23T — 213 T AERTIC
f&ﬁfhé/ﬁwj®%%L#ﬁﬁéﬂ1m&#ot
Fo, DANMEICE LT, BEoTrYoos51-5ThH
FEMPEAL TWDLHEITTXTONRNTVIZE Y H Y LT

FINTEY, HFRENDRLZoTWVE
AE ORI LT, EEHIIX 7Ly b PC BfENT Y

YT L UTRHINT =2 2 RIFT 50 AT KRS

Change of residents' behavior to promote resource circulation
71 NAOYA EJIMA, NEC Solution Innovators, Ltd
71AKIHITO HIMURO, NEC Solution Innovators, Ltd

11 YUJI SASAKA, NEC Solution Innovators, Ltd

12 AKIRA GOTO, Meiji University
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HREHET Rk

BRI R

B LTI AR ST, VAT ABROBICIE, ¥ T Ly
r PC ZfEVEN TV WENEE R 2T L E2FHT 5
TEEBEL, A X —T o RAEHMARRFICLE. F
t,:—%~f%é¢¥é’yz%A®ﬁmﬁ%%@L@
BHRFEIT- 7. VAT LOEICRIA T EiE %X 2 |
Y

BEOMBEICH LTI, T —& I d2NAEE A
Lt.ﬁ_ﬁﬁﬁﬂguowfﬁ,ﬂﬁ/ﬁ 0(%2)~
S(BYD 6L L, M3DL) R UETigTd 2L
7o, SRIEEIL DWW T, N7V EIRA LZ B % fiek
TEDHEIITL, FHIDOBICRWEL 2 5 ZYH Y 1 A -
BIFRZL0RE LTSI

B 1 & ZHBEIT — & OEFHERFE)

K 2 A ZHBEBUREAS & AT LABETH
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X 3 £ ZAEINEDFHERE

3. HBE1 :BEHIs—FNRYIICKBEE
Mg AR ER OB 0 ML 2 B0 BUTR 0T8N, —Fo
Wﬁ%%ﬁ@&bfﬁ%f%é.W&%%ﬁﬁki,ﬁ%
DIZDIZI|ELOLTIT T AERL, FHRRT T 47T
FEERZDMEDOVDESTH D, HIBEIRER O Y
ITEET OSSR INA 22 <, ITROM A XV B <
L7 ) BRI L > TR SEDEBI D20, FHGIX
PHEEPITEICH D L LB 2 Tn. Fiz, HAKLDOHEIZEK
5L, ARS8 O REOZEAR A AL R TE
B R RIFT I EDRRBR SN TWADR]. FEROSHITE)
WL CTE#ME 7 4 — RN 73252 8T, AZAHREINE
RGHEE O FIZER D DT RWhEE L, LTFTOE
B & 30 L 72[3][4].

3.1 ECHEFMAOBEHRKOHERE

3.1.1 EBHE

B 7 ¢ — Ry 7 #iitk 04 Z A mEI R & 4RI E D
{LEMERT D02, 72 & JTHi LTz ZAERPTIC

4 DIEHPRZ AL T 7B R EE %LJ@&%ME«74~
RSy 7 Uiz, BRICIIESHR O, #Eo ZHH UE
M, TVARAY T RAAL RZRW LR E IR 1Tk
BEBL7-. 1 BEH7-Y 6 TStk 2#8mR L 7 @ T3
42 ETOAE ZHERPNCH R L. ERICEREZZE LT
WA AR 5ITRT

(©2023 Information Processing Society of Japan

2\ /

- 3 X o 2 N %
W E T HTE <
B @ £ A
,,,j’; 2 ;A ” }Et v’; Sy
T T

K Q § 5 - W
g | R = 4R .

#, ¥ 3 8 y

ot Tr,‘ = @ I{k

R b S

t 53 §:

& f iy %

B 4 S£MHEPTICHER LTOERHR

X 5 BREEBRICREL TV BT

A2 EREEE

PR 2R Uiz 42 T oERFT 0 5 b, AohiieT —4

EEETHIENTEE 31 DITEEREL LTOW L.
orrBt L IR Z 2T, Rl 1 o A 04 T AR E
DOYEHELEZH 612, Sl EOFEEENELZK 717w
F. AETHEUCE - SBIRE & bIZ, BBV TIER
SREETE LTI E S HER S N B & B (GHRIRGE Tk
IRIEIC OBREFREENS LT, EREFTICEHHR & % &
T5 VI WEOHKOT-D, BrREEOY T A A4 X%
TR CE S, ATHERESFECH LT E 0D
FEEETIIBA Z M TERNSTEEEZLND.

INTY BT OFHFREOTHIELE
0.30

T 1
0.20

0.00
BREE FEE B
RE3LF, FEIERE¥219(F *p<.05 **p<.01 ***p<,001
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X 6 HTRHLIBTIHOEZLBINEDOEILED LB
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X 7 #BEE L IR DA TR BIRE OB E D B

32 ERICHT 2 BEKOEAEER

3.2.1 EBRAE

3.1.1 ORFEFHHRFEEOERTIE, Btk z#E Li-E TS
SEREFTAY 42 2T LT, PR A RRE L e o To A T A
BTN 219 DT L BESIT DONRT U ZANREL g o TN,
Flo, FHRERE L7oF A IV IR ERITZ L IC -
TLEV, FEMHORELZITIEL O CTE 2V Al fEM:
DD EVWIMESNH -T2, AERTIT ETOMEA1E
W2 &5 7REREGE LT, R % B = RERT 0 IR #EE
\CERB BT LTz, 42251 IR0 EREFT D 5 B, 125 protE
FEPT % A1 9 5 1 BUC RGN 2 oA L7z,
3220 EREEE
JEHTR 2B L7 ERBFIH T 2 125 DT oERTo 5 5,
BT — 2 PSS 5 Z ENTE T 124 HFTEN AR
JEGHPIR 2 BOAT L CWORWERDFIAT 5 126 2T oERHT
DIHLHENRT —FEBET D ENTE 122 2T
HEREE LT 24T o7, MABELFHEREZ L2, AR
VZIEHTIR & Bl AT L= Rite— » A O ZHEIREOE (LB E
X 812, BMIBAROELEEK 9I1TRT. AT HEIE
IEABED T 3880 L TN 72 S BIR A SR TN ARED 708
EAL LTV, tIREIC L D IGHRGE T, RIBEAERICO
HEBENA LN, a2 RS aim L2 &
W2& D, ZHOGBATEIOREITR b o7z, FEERAET
WZHES SRR R E R AN RN & B R L Tz
B, BEZLICBY OB L ORAEEHB LIE A,

AFEDOHBFERE L LR L DO T LR RE Mo T,

DR BB LTI AEORYIBAENE LT L D1
RATZAREMERBZZOND.

B 8 ST AR LR AE ZHARIREDOE(LED B
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RPN o, i ot el ok ; % -
§8503F833RIEREIN3 §85SEF53R4E83835%
TrRfEyEsaaRERTALY TEEsseyaeesa L LS
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NAR - BUAK -] S - BEAR )
—— NI - PAEBAK P — B - PLERAE =usm

— AR - TORAR
W (TR - WRAW)
B (AN - PILIAARE)
W (TN - TOBRAE)

e SRS - TORAR
WA (SR - WRAK)
B (SN - TLIRLE)
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X 10 #BEY T L DBARHER

4. MEEK2 - BRERI«— FNY VK HHEE

TENRA F CIERAICHIZES LTV D 7 e A8 MHE
AT, BKEREE LW L ORBHDH. ThiE, MFFIE
ZEDEELVLEETDHEEZOFN LV EBIFEOICGL,
ZORER, NIBERZEHET 5 L5 RTHE2mb5 Lo b
DTHDH[S]

EZHENET AR AL LTHEETIZEICLDE
KOEBRE 74— RNy 735252 LT, HREGHITE 22
L, AZAEIREOHEIMZIEN DO TIERWNEE X, L
NI A FEE L.

4.1 ABRSHEFTYIFADRR 4 —5REER
4.1.1 EBERE

P BEMT IV AR & A LB % A3 72 <, BEIT T db 2 &Il
ETTICAER 4,200 HH &2 HUDLBLL T 5. 4200 HHO
BREZPERL TN EWVWI Z A2 LIERAY —%
FHA L, ERICERT D Z & TR TE 22 L.
FTo, RAZ —TAETHENUCH 52 L TR I 24
B L, BEEIERS CO2 DHEHENHIH TE 5 2 L4230
L7z, ETHEULE WD BRI 2RITEI A SR T 5 2 & T,
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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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HETHD.
435 REBRFIE

FEERBINE X, MTICED, Hlokic PC 2EE, A
DAVYEYEREANY F7 4+ EEZLTHHN, FEA
VIA VST B E AR T TEBEIT- /2.
HREHMEEED D 2I5E L R WEATO, BEWERLLET 2
TDBERETAYEE 2MEEM L. 2O, JEFRE
BT, BRUICEHRENMEL KBRS 21—, 2
EHTHERS 3 7V — FICERSME LT 7. K5 IcHE
BRoffinz g, £3ELHIC, EBESMEIZ, Zhnrd
BRETAEEET->TH 55 §REA (EHMiHH). &
FETAYEE 2 BT TTY, BT 2R RICEEA
PRGN 2HIRICOVWTDO T V7 — FAERTo 7=,
FTRTOTRAMETR, FEA VA C2—-%1To%k

M5 FERoFih

436 BAET—Z
HFREFAEERE, & PC @ CPU A%, Ac
tiveWindow, AFK ova Z 2L 7%. FERIAT-7=7
Y= PMEOWTIE, KIT 4 T/ HT 4 TERBOES
BREEFIZROWE0EPERE L. TRNTOTR M
DHEBA VR 2—12&»>T, BNEDOFEEED -
437 EBRER

X 612, FAEEIHERER L ¥ D D DB OHEAIRAERR ]
BOENETRT. THOERBMED S B, HENCHz-
TEHEAZHERB L0 5 A (D:3,4,5,6,7) THoTz.
M6 —BmTRLA 24 (ID:1,2) X7 A MFF o 5
FLTWe/20, BRETWREERIZe A CKRER L b o /.
BEAERB L5 AR 4 AP, EFEEHYERET 22
LT, BRETANOEFRE-OEEGH L o7, £z, B
FUETANOEFIREAR > 12D, U N— TEFHEBI
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PRDEL, Yy FEREITEEFR L T A ANOEFIRE
WRbRro72. Fi2, TAMRODERA VX2 =05,
EEBRSME 7 ANH 2 AH, BRAHICKRO%, Bho 54
RO R o7, BEEBEERELZ 5 AH, V=7
ZHEMREICR OV AR LA LD VR 572, EBRSINE
TN 2 ADS, BEDEA L JZBRIC Teams Ml ZfEE L7z &
aAXY Lz BEERICLD, KOT 4 7/3HT 1 T
BokEnZEER N 7.

M6 EBRZINEEDRREIEDZ

438 FrHLSEHDEE

BREMERBRLE 5 BF 4 AL, HEHRETFTAAD
EHFHEEPEMNT 2BREIELNZZ S, ROR
TARKZEFREEIRRE, ZMEOFEEREERITME
BHBLELD. BEETIANOERREANRE 72D, Y
N=TWENRE - Ml e LT, EBRSNED, 2523
By FAEBICR DOV TWARWATREMED E V. AFEERCHEH
Lic7a b&A4 7, ¥y FERROEH DL /NE
Do 7Tz DIBIF KDDL otz Z bR, FEED
#HEL, BB, 4 X (ROX2OBRTIN3E) NEX -
TLE-ZePRREReEZOLNG. BHEEHEERERL /-
5 AH, UAN=FZR D0V NE 1 AZITE 57203, HiEm
CROWTHL &b EBICEFREANDERITENIER O
EBRBMEOMTHRM AT\, Rkic, SHEERICE
BRIT 4 T/AHT 4 TG ORERENIR SN h -
722, RYRAT LKL ZEREBICNT2SMED
ZRE (BIFANRTX) KHELTEMELRZVLNLTH-
VAR AN -

SHBROFEL LT, $T5HOARERICBIZ Yy FH
FEBRIZ ) A ADBRE 5T LESRT LT, fikicyy
FEBPZTOMRTIERL, v F+ /4 X0MBIH-
TLEoTmdBIFohs. £/, EEEHIERE, §LF
DEOWECHEF L OMFRE (MEFiIc o THHED K
WARREERT AEZ I DAoL K R AAHEN), &
PEHALTWEAY F7 4 vOURE, HOAE (Ny F7 4+
Yor A=) WV o AHREICTEE T 2 ESH 5.
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EDDIC

RIFHLTIEA Y 74 VERITBVWTAHAT7% ONIZT S
B BMELZEFIREBICT 2 FEEZRELE. 207
HOFE A LTHBF O N2 EIEF DR 7 — ML =
W 3FE (R A) OBMEEMEEL 72, BEFETIE, £75
ZINED PC 22 5B L 7= CPU %, Active Window,
AFK Bz B AEE T VAT LSIIRELHE T 5.
ROCTIEFREEHEZINLSMBEBOFTFIIHLTE Y
FT b, UN=TOMLZMS. EHEOMRLD, FEE
PR RBR L 7 EBRBINE 5 4 4 AL, © 7 AN
OEFRFHEEIEGVEM L2, BFEAREZHL THER
BN EBRBINE 2 RHIREBANERTE 2 Z L 2R L.
S, EEPOSMEDY 77> a Y EES LTSN
DREICE P 2T TE FER B) IOV THDEELTET
H5.

E R
AFROMILEITOEL, THEVWLEVWeY ==L —
THRASHINNEBK, REK, MHARRCEHOEEZRT 5.

5.

BE 3K
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ARI—FOFAYFICEBEDLLEEZEBTS
BHIARA ST O#EREICET 85

P ER M

A A

NTT t-&1E HwafFseaTt

M=

REFATHZRT I EEBNE LT, Z<DONVRTTT
7V Sr—3 39 T Push BAINE A STV 2. Push JEA
Fa—YPTB a2 Ed ECEHTh L, Z0obT bbb
LECE-TT TV ORAZROTLEI r—2HZ R
HbILD. ZHVoTBHOED L S ZIKE S5 HikD—
DL LT, {TEIOU YY) DX A I (breakpoint) |Z
BHETDHENFIENRET GND. £ I TR T,
breakpoint Zf&H LZ D ¥ A I 2/ C Push liFI %2155 Z &
THOLLIZEBEESZ L 2HIBL, Av— b Uty F
D A TR C breakpoint 2 H#EE T2 4
BEBRFL, TIHERTZEOEMEEBRRE L.

1. [FL®HIC

i ° COVID-19 DRI LY, ANx D~V A
TAOERITEFEETEImMEL TS, Av— Ry
R, AR— MU TFRET =T TTNT A ZDEKIZ
thv, FNEDT NS RETER L, EAOBEEHATT
Fitbit (Fitbit Inc., San Francisco, CA, USA) 1 <> Apple Health
(Apple Inc., Cupertino, CA, USA)2 , Google fit (Google Inc.,
Mountain View, CA, USA)3 72 EIZRFE I D BEFEITE 212
FTENRANANANVATT T TV Ir—va S B LT
5.

IQUVIA @ 2021 “EOFHE [11IC L, BIFE 350,000 %
WA D~V T 77 ) BRI TH Y, fEH K 250 {3
DF LAV AT T FVRY Y—=ZAIATNDS. ZIH0
STEANVATT T 7 VIET 7 ) a—FORBEEBICT 5
FHMZH L, EEOHERFPERO TR L TRELSH
H35EFZ26NTN5.

F7z, EAOREFERR L WS BRZIT TR, HrLVE
ORI FEL L LT Digital Therapeutics (DTx) 2 EH &4
TWo. ERGO L) ITRIFAREzMEE L, EMOEE
TCHEFEE B PMERNTOIEAND T m ST A TH
. BARTH=aF HKIEERET 7Y O CureApp SC
(CureApp Inc., Tokyo, Japan)4 <C ML EIRIET 7"V O

Study on Estimation Method of Notification Timing by Smartwatch to Reduce
Annoyance
71 TAKUYA KANDA, NTT Social Informatics Laboratories.
2 MASAMI TAKAHASHI, NTT Social Informatics Laboratories.
13 ASAMI MIYAJIMA, NTT Social Informatics Laboratories.
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T

CureApp HT (CureApp Inc., Tokyo, Japan)5 73 £ EHEHE AT
SNTeA VAT T T 7Y RBE LERZED TS, T
LD DIX IFFILAYT—FRURAT— b T F v T REDT
NARERANET 7Y ZIER L, EHREOEIEEEAT
BB b2 ECSHD LRI &Ik, BEDEZD
EHTZEEHMELTWD. 2ok, ~VARFTT
7V CEADAEEECITENCE b E b b T e, &
%, (EERREEOUE - HEFFICB W T E blc k& % E 2 R
T EnTRINS.

LinL, ~"VAFTT7T 7Y OHEE L T—F RN
MR LR Z e v =V A v FORE BRI T
% [2] . WEEEZIKT I RS D BB ERO—
D& LT, BERWIZIEASVAZ T 77U 535 O Push i@
NEToND. ~IVAFT 77U D Push AL,
WNEEXA IV IRHEITH LGS, 77V a2—F ol
Eom bicEsET5EE5bhTn5 [3,4. —5T, AR
LA 2B TR o AR, MENETED
Push @AIT =2 — VOB ELZIL T EHE, 77V ZHIBRL T
LEDABEER S D LHEMENTND [4,5] . ~NVATT
7 7Y TR B D MR R TR O U ~ A &
T BRI Push WEIME DN D Z ENE L, RFETEIZ 2
FTEHUCEERBEEEDO —DOTH D, TO®d, TOEDLLS
PR ERDZ 21T, L DANRETTT T Y OWEICS
RNDTENHFTED LELITBZATND. £, ~b
AT T TV RRGE LTS EFITEHONFICED S
T, RWVHEIFONVA ST 7 Y ~OISHANARETH D =
EDBBHMONETIERL, XA I 7ICEFH LTIEE
HDH 5.

AW T, ~IVAT T 77U O Push l@EIDZ A IV
JIEBL, A= b U4y FOBCYTFT—2EZEHLT
Push AN O 72 % A 2 > 7% AEECHEET D TFEE R
METDH. Av— R Uy TF TRV I LET 4%
WHIZET, WEROA~— MRV EDT A ZEERHL
TEREE R LT, @R A 7R X0 B TR
TE DGR D, AR TILEE @MY A 2 v 7 &
ETHIEEZHMEL, Av— U v TFORUHERE
FHW T B8 2 L D HEE FIE DA IMEDRGEAE AT > 72,
1 https://www.fitbit.com/

2 hitps://www.apple.com/jp/ios/health/
3 https://developers.google.com/fit/

4 https://sc.cureapp.com/d/
5 https://cureapp.co.jp/productsite/ht/
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T FEER L L CERRBINE 11 4 OWE OEBRFO R~
—hU kv FOEBHEREEY BMI A I T EEZ
515 breakpoint D7 /T — 3 T —X EINEE L, Long
Short-Term Memory (LSTM) R v kU —2 % 7= Hhg 5
ETNVEEE LR DR OREEZAIT o 7. 2 Of Rk
F#\Z X 5 breakpoint DHEEIZ XI5 —EDOH N Z MR
L.

2. BEEARE

2.1 Breakpoint ZFRA L EHOEDL L SOEBEFZE

Push BHIOED L S Z IR S &2 FEOHIEE LT, K
fH-C% AT, — O E D H72)y, Bluetooth T L7z —
FRIOWERE, EiE - SMS O ZICEH LEFERELLD
FEATHFERFAET 2 [6] . FATHIEDO R TH F T 7'm
—FD—>& LT breakpoint (275 BIZ L2 FIENET B
%. breakpoint |TOLEFESBICB T 2BEETH Y, TEHENR
B D ERBPATEHRKEDY, Fle R iTERN e E o722 A4 I
7] LEESNTWD [7] . T D breakpoint |[ZiBE & %5
LT, EANC Lo TRE ZEREPBEHE N TND LW
IFERINNL DN FATHZE TREIN TV D [8~15].

Igbal 5[8~11]1xA 7 « AMEH¥EE SEEEIZ Y a v ko
7V w77 EDAR MEHE S LIT breakpoint & H#EE T
53 Ry =7 O Oasis #1842 L, Oasis IZ KL % breakpoint
DO & Z DA DOIED L S AR S W 5 2R A4 MGk L
7z. Oasis TIEERSINEOEETOBHE L S &2, Z0
VBRI 2HMENRT /) T —varvaT52LiI0koT
breakpoint DT 217> T\ 5.

Okoshi & [12~15] 1T/ A VR Z 3R,
ERHRHT 2 FEEZBREL VD, ZNLOMETIEIA~—
MR UEE (7 7Y ORE), RUATRE) kU HER
&b &I L7 TENRER API OFSFAE R % © & 1T breakpoint
ERRHT 2 FEOREEZT-> T 5.

Breakpoint % {5/ L7 Push lFIOED L X 2K S5
TF1E1%, Push A% breakpoint S H &5 F TR S+
52 LIZE o T, Push BAIOED L S H{RKESHE TN 5.
Z D7, B TE 5 breakpoint OAHEIMEN L, MER
ZA X7\ Push B Z XD 2 LIRS TERVATREEN &
D.

R ARAT— KRR ELL DT NA AT
breakpoint ZHEE T 2 FIENRE SN TN D [8~15] %, Z
NOEDEA 2 7 OWEITFERBINE DR T A 2> T
W5, b LIFHICET CODRELFHEE LI-FIETH
5. A= Uy FEHERIEE L TCNWDIT A ATHD
Z LD, breakpoint & KV S TR T X B ATREMED
H5.

A~— kT v F Z{EH LT breakpoint DR H 1T - 7=
oL LTAY— MU+ v F L Av— MRV EHHLTE

breakpoint
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F L7z BE D breakpoint O HHFIEDOKF 21T > 72 [13] 2
FFohs, [13] KBTI ERO—HELTAY— T+
yTHEEDH v F e D UIEEL, A~— MUt v FIC
RSN TWD e HERE S &1C LT2ATERRH APL 275
AL I35y, L] REOITEIZRIKL, RS ni1T
oY) B » 5 breakpoint ZHEE T D FIEEREL
7.

22 RTHREFHARDEL

AHSE TIX breakpoint & H L&D & A X 22 T Push il
HEERLZETHEDPLIZEE T2 L2 AL, Av—
Ay FREDY A NUTFSA 2T ST
WHIEEE e A n b oOiRE b IS, @
J&C breakpoint & fH 92 FIEORFTE1T 5 .

1TENFRF 2 15 H L 7= breakpoint OHEE T1k1% 1372,

D) & FATERBR#E API 72 £ D AT MUY
x5 e L CHEANIRE SNATEIO T IV o) v &
2 H# A I 7T breakpoint RN THZ LN TE L. Lo
L, FRNCRESNATHON T T Y 217 T, 1E3h0
FEOITEN 2D B 2 7% A I 7T breakpoint 34
5 ENMEESN, T 5D breakpoint DA Y AJHELC
723X, Push @ENID X A 2 2 7 % breakpoint F TR & &
LD L SEHO FENHEH LT RDEEXLND.

ZIT, MEHEE PRV v A uk o FnbFoid
ok LT, 1TEIFk %75 H L 72 breakpoint O Tl /e
<, BUVIHRICR U ITEE A EHE T, B
breakpoint Z H#EE T 2 FIEOHFI 21T 9. AR TITETE
WERRFEHE LT, B85 12 L % breakpoint OHEE TE & 4%
HL, THERTEOENIEOWMIEEZTT .

3. REFIR

3.1 F—H2UE

R =23 12 & D breakpoint DHEEIZH WS T — X INED
Iz, MIEREBICEFL OB N AZHEEL, ¥
BROAY— R U v FOT =X LEFOKTEHRE L
7o, FEBRSINEIIFEROBIELZ T 206, ERSMC
B4 2REFECHA U LIz, T0%, FIEFETIERNGD
FHIZA~— b U4 »F O Fitbit Sense (Fitbit Inc., San
Francisco, CA, USA) %3535 L, Fitbit Sense _I-|Z Fitbit SDK
(Fitbit Inc., San Francisco, CA, USA) % W CEE S
HE L AHELTET 2T TV ERE L. T X INESE
BRI ORERLZ X 1 12T,

77 OEBIESINE OVEEORET- 23 h 5 4 B CEh
DOIRFEEZII L, BHEOFEEE | RHFEET 5 L OKEL
7o, T —ZWUERFO Fitbit [ HEH S AUT NI & £ s B D
7 — 413 Bluetooth Z#%H L, A~— k7R ® Google Pixel
5a (Google Inc., Mountain View, CA, USA) O — N\TiEE
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Shic. F£7o, ERBIMEDPEREZ L TODERF ORI
I X Insta 360 ONE RS (Arashi Vision Inc., Shenzhen, China) %
ATz, EBRPICT = 2RV AT MIREARE LY
B, ERBIMEIEREZFW L TL OV T —Z I 2
T L DFEE O FEM A LT,

Insta360
- BIEiREY

Fitbit Sense
154
Vv Am i
. B Google Pixel 5a

- F— REERE
(HTTP¥ ——)

17— 2 AR EBREE DRk

3.2 Breakpoint 7/ 7—3 3 Y T—2 DR

FEBRSINE OMEEBEIZ LT, 7/ T =¥ =241
T T—varT =S OEREKEL.. T T —vay
T—ZOERICITER - g7 ) T —va Y=L Thd
ELAN 5.8 [16] #H\\\ =, 7/ 7 —4% —37 — X INEFER
IZBIMMLTELT, 72487030 ELAN 5.8 O#AE 7 LIk il
LTWAbDIEIE L=, 77— % —I37 — X IUEFEER
SMBEBOVEEFHWEZHIE L 2R b, —EDMETHEEh
T-EE O (¥4 527 v ) 128 T breakpoint D%
AEEFTLELTZ.  Igbal H[8~11]03EER Tl breakpoint DA %
7205 T72 <, 384 L7 breakpoint % 3 BEFEDKIE (Course,
Medium, Fine) \Z/3EL7=7 /7 —3 a v HikaE Ehg L7z
7%, AFE Tl breakpoint DFEA B A & k78 CHEE FTHE
PREFEZAT 9 7291 breakpoint DA MDD & Fodk L 7=,

REBRCTIIFA LAT v 7OR@E 2 ERE L. T
T —F =X TROXETT /7T —¥ a U EERE LTz,
[EBRSMEDMEEL TV DENEZ R TWZ &R 5
Breakpoint %7/ 7 —3 3 » L CIHSAEEIZR Y 5.
(3%Breakpoint : EMR & 5 BARZRITEIR KDY, #Hiiz7z
TTER R E -T2 A 2 7). BRI EE 2 BT
ERBIMEPMTENZ UV BRZ LT F A I T T
THRANTLEIW. EHFELNEM 00T, Eff
LEEWNEH Y FHA. )

T )T —a AMNEESETHR, T/ T4 =T LI
RORHDAREEEZZELT, 2 ADT /T =2 =R {
AU breakpoint 238 D LFLER LI H A L AT v 7 H L<
X, —O TNz A LAT v 71T breakpoint 23 5 & ek
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ST A AAT v 7% Breakpoint 7 7 A, MEW L FOER S
N7 %A 5AT 7% Not Breakpoint 7 7 A & L7=.

K 2ELANIC L DT /T —3 3 Ol

4. BT 2 X % breakpoint #FEETIL
DIEFE

4.1 oY T—42 ORLE

A~— k7 4 v F O Fitbit Sense 7> 545 57z 3 o Nk
BV KO3 Hho A OT — 2 IR BESFE LT
7o, Rtk OFEHE AR UCHligE Lz, KB TE s
BiToT2t, ERSNMBOROBXOFEHRE LY, FET
— RIS H72DIs, MEEE o7 =2t L TR
—RAT Y NEERANDZ L TEINEEOFELRES
DB EAT -T2, Fie, EHMEEOEELRE LM
WY b AEINEE DR 21T 7.

42 Y T—2 OBEERR

4.1 THE CORFBLZfE L 72 IR (x,y, 2), A RINE
B, AHE (x,y,z) DT —XIZX LT, FEITHW D RHR
BELT, XM LATy T TLICUTOEERT L.
L fE
i
B KAH
e/ IMiE

o FiEfRZE
A= UrvF LOT—=FWET 7V OREEITLY,
A= Uy FORCFIEFERPLIHETE TWVRNZ A A
AT THRPERUICER, #FEBRBMEOT —ZIZEEN
LA BAT v TEIIRI DL oT.

L
°
°
°
°
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#¢ 1 Not Breakpoint 27 7 X, Breakpoint 7 7 A D
A DART v T DK

EEBI#F  Not Breakpoint Breakpoint Gt
ID
P1 1327 16 1343
P2 1701 11 1712
P3 1256 2 1258
P4 864 2 866
P5 1504 13 1517
P6 1524 20 1544
P7 1733 1738
P8 1444 6 1450
P9 1491 28 1519
P10 1747 2 1749
P11 1756 14 1770
GEil 16347 119 16466

43 BEFEETI

A= T FyFOR AT = b LIZHI A LAT
» 7O breakpoint DA MAHEET D70, 4.2 THE TOMM
B LI2S A DAT v T T ORI EE AN L LTz, R
FEETNEER L. BEEOET V2RI HEIC
IZa AT 1 v 7 [\l Support Vector Machine (SVM), %)
Bl — AT ¢ v Tl EEBEOFEERE LR, B
7 A MMRFE TR 0 B 5> 72 Long Short-Term Memory
(LSTM) v NU—27 Z@&RL7-. REBRTHH>72 LSTM
ORGSR 21T, B LIl 7 MgA & L
TR E O D X A 2AT > 71T breakpoint FTET 5
(Breakpoint 77 7 R), 1F1E L 72> (Not Breakpoint 77 7 R)
PO 2ESEEFHRERE LCHAO LI, AT =427
HAGDEA L2AT v TOMRER LIS DA 3 1R
9. F7z, Breakpoint 7 7 A & Not Breakpoint 77 7 A ™ k2
WCRERMYNELCTNDTD, 7 F7ATLDELEEE
L7 tf iz T e 28 217> 72 [17].

#£2 BT INORE

ASHA X 7X5

ANGA BAT T 30

LSTM DRt 10

TEMEAL A% Sigmoid BA%KL
Xy 1

Bt FE Adam

EisP Nk Binary Cross Entropy
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N Not Not Not .
TIT—vay Breakpoint Breakpoint Breakpoint Higakogin
LSIMT 1 v 7 e
LSTM LSTM LST™
JEREE JIEREE JNEREE
wLF—y  AEE FHEE pipid:

®
0 A

FALRT T t t+N t+HN+1

B3 ANT =2 ETFHRRDZ A LAT v 7 L OF%

4.4 FHE
EERBNNE 11 4 OF — ZIZ%F LT Leave One Person Out
(LOPO) & AWTHEEZITY, T VOHEEREE % 31l

L7z, FHMIIC W NA X—=RF A — K %55 3[R,
T3 NAINRN—NRFA—H
Ny FHAX 32
Iﬂf/ﬁiﬁ 20
TefE BE oo BHE 0.95

¥, IMEEE, MEEOT — 2 PR TE WMok
B A LAT y FIEFEELT X MEGRA L2, FHEED
ETNAORLOEEEERL, FEETNVE 10 BERL,
ZNENOTRFE R OFALFEFE (Accuracy, Precision, Recall,
Fl ) OFHEEFEM L. R4 KERSMEOT — X
Wt 2 K FHIFE R O EIME A <. ETo, X412/ FER
SINE DT — Z KT 2 T RFEROFTMAEOFHE NT R %
R

# 4 FHmEEE O T E

Accuracy Precision Recall F1 &
P1 1.00 0.99 0.86 0.88
P2 0.99 0.78 0.89 0.78
P3 1.00 1.00 1.00 1.00
P4 1.00 0.81 0.90 0.84
P5 0.99 0.77 0.85 0.76
P6 0.90 0.88 0.84 0.77
P7 1.00 0.64 0.78 0.65
P8 0.99 0.89 0.73 0.79
P9 0.99 0.77 0.84 0.77
P10 1.00 0.95 1.00 0.97
P11 1.00 0.90 0.86 0.87
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Accuracy Precision

1.0 1.0

0.8 0.8

0.6 0.6

04 04

0.2 0.2

0.0 0.0

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10PI1 P1 P2 P3 P4 P5 P6 P7 P8 P9 P10PI1
FERZINE 1D ES e YIE)
Recall F1{H

1.0 1.0
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Figurel Kernel Density Estimation of Ry,.: We can find
that the density achieve two peaks around 0 and 1.
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Predicted Label

Ghigh Glow
Ghig 72 10
True Label high
low 81 182

#£2 RETTFNVREZTRA T =X TODERBR | Ghign
ITHERBGUNE NS T AR, Gy FITHERE
GHEIMEN D 7 R RT.

Table2 Result of classification by proposed model: The
label Ghign expresses the user class whose human behavior
change easiness is high; on the other hand, Goy repre-
sents the user class whose human behavior change easi-

ness is low.
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P72, (i) = by Ny £ T B

£1 1 HOREREEICET 2 O RAEE
Table1 Estimated time for an employee with level s to

finish a case with difficulty level q.

Ly
1 q d
1 €1,1 €1, €1,d
Ly
S €s,1 €s,q €s,d
L] e €l,q eld
£2 REIER #3 EHEEBR
Table2 Cases list. Table3 Employees list.
1| S ing, +1 1| S nw +1
2 | Sisine +2 2 | Yy +2
Nt, 22:1 Ty, T, 22:1 Ty,

x4 ERENORMFEHET—T0

Table4 Variables in the linear programming problem.
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1 e t I
1 T1,1 T1,t T1,nyg
W
w Law,1 LTaw,t Lw,ny
Nw | Tny, 1 Tyt Ly ,ny
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WEEE A Y B I B S 2R f3(w,) & (3) Ko
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Figure1l Flowchart of the proposed method.
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Figure2 Example of assigning seven cases to three em-

ployees.
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Table5 Ex. Estimated time for an employee with pro-

ficiency level s to finish a case with difficulty level g.

L,

L

G| | W

= Ot Oy | N

N | W |~

3.1. RRARICEBMEBADEMGEY
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fa(ws) > fa(wsy1) —c1 (19)
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7:75L, iy C1,4,C24 Li;tﬁ@%;&t L, C1,i & C24 bitté
NLELWEE TS, 22T, EHRAEICBVTIEERIR 1
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Table6 Assignment result by the conventional method.
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Table7 Assignment result by the proposed method.
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DREFEBRE wy, = 10 KM, #FAFES w =3 F wy, =9
e LTEHENE. Zhs Vw € {1,2,3},wy, W
L, #@EICBY 2 HEBGOHE Y RN E L 7 (EER
il vw € {1,2,3},w), ZMET 2L, {EEBBEORIEER
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Figure3 Comparison of total working hours for three

employees by the conventional and proposed method.
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Technological innovation and behavioral change in the manufacturing industry
~Taking the example of the aluminum rolling and processing business~
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Overview of hot finishing mills
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Figure3 Rolling coils and beverage cans
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Figure 4  Technology and behavior transformation
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Figure 5 Behavioral changes due to [oT implementation
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Figure 6 Satisfaction with work after introducing FA and IoT
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Figure 7 Pyramidal organization
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3 CoreMoni- a DT

Figure3 How to use CoreMoni- a
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Table1l SUS values aggregated by score

‘ Score ‘ Grade ‘ Adjective Rating | Conventional System | New system

>80.3 A Excellent
68-80.3 B Good
68 C Okay
51-68 D Poor
<51 E Awful

0 8
1 5
0 0
6 6
13 1
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Figurel Percentage of elderly among heat stroke
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o, TRV, TBWV, THEFIZB V) O 7 F 01t
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W, THLmE»I W, T2V, BV O 4 DDBRICRE
L7z, #EREI1Z 20 K55 60 RETOARFT MU B THH /2
IDFHLVWEBRNAEEZR 1ITRT.

K1 HHOMNERNE

Table1l Experimental details without cooling

EE | mE | EE | EE | R O
1 | Y4 | 32°C | 80% 10
2 | IUAKE | 25°C | 60% 10
3 i 25°C | 60% 15
4 B 32°C | 80% 15
5 B 27°C | 60% 15
6 B 32°C | 80% 15
7 iR 32°C | 80% 15
8 iR 27°C | 60% 15

3.2. Yx7STINITF7IAV%=FERLI-RR

COEBTIEIHEIRE BEFERLTIDTELZ YT T
INLT7 ar®d Cémodo gear ' B Lz, £z, T,
MEHW, B, TIEEIB W) O 4 S L TES
MBI 7 v — b EE o7 £, EEREREIZ TRV,
BV 2 ODEBICEE L. #BE R 20 18205 60 X
FTORF2THTHoTz. IDFHLVWERNAER 212
N

K2 HHIRERAA

Table2 Experimental details with cooling

JIEFF | L EECETE
1 T 32°C | 80% 10
2 wiil (Cémodo gear FEH)) 32°C | 80% 15
3 i 32°C | 80% 10
4 | YAk (Cémodo gear i2H) | 32°C | 80% 10

*1 https://www.fujitsu-general.com/jp/products/neck-
gear/index.html
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Figurel Questionnaire results on each psychological characteristic
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Figure2 Mutual information for each psychological
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Activity Recognition System Based on the Indoor Environment
Sensing
1 SHIN SUZUKI, Aichi University

2 KEIICHIRO FUKAZAWA, Kyoto University
3 TAKAKO MURAI, Junshin Gakuen University
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Figurel Schematic illustration of the system.
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Figure2 Picture of the environment sensor (OMRON
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Figure3 Example of measurements on 29 March 2021:
(a) temperature, (b) humidity, (c¢) illuminance, (d) atmo-
spheric pressure, (e) noise level, (f) TVOC, and (g) COs.
The time ranges indicated by the red and green lines show
the detections of one getting up/going to sleep and out

of the room, respectively.
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Figure4 (a) Illuminance and (b) noise level measured
by the sensor in the bathroom on 17 March 2022. (c)
and (d) are the same as (a) and (b), respectively, but for
the data on 11 November 2021.
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5 M LUVEHSBHIENZZ 2 58 5 LINE #Al
Figure5 Example of LINE messages notifying the de-

tection of use of the bathroom.
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Figure 1 Image of context-adaptive content presentation in the smart home environment
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