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Abstract: 1t is necessary for nursing students to understand body mechanics and to learn patient’s posture
change skills including understanding high-pressure areas on the body. To support learning such skill more
efficiently, we are developing a system based on textile pressure sensor. Our system visualizes high-pressure
areas on the body. Since textile pressure sensor is flexible and can be cut adjusted for various shapes, it
can be embedded in textile bedding products such as pressure dispersion cushions and pillows where other
film-type pressure sensors are not suitable. To evaluate educational effects of our system, we conducted
a controlled experiment with 47 nursing students and collected their understanding level of body-pressure
distribution with a method of drawing suspected high-pressure spots on body figures. Then, we adopted a
quantitative scoring system calculated with the concordance rate between an exemplary answer and student’s
answer. The results showed that our system helped nursing students to partially learn pressure distributions
around head part and legs part in complicated positions. These results confirm a feasibility of a support
system for posture change skill learning more efficiently.
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Fig. 1 Overview of our proposed system and evaluation method.
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Fig. 3 Overview of nursing care instruments that textile pressure sensors are integrated.
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Fig. 2 An example of textile pressure sensor and its data.
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Table 1 Composition of questionnaire.
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Fig. 8 Procedure of our comparison experiment.
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F2 AL BHOHERaT7OfaME CFHY - 580 & qffi (% g¢<0.10, ** ¢ <0.05)
Table 2 Mean, variance, and q values of groups A and B (*: ¢ < 0.10, **: ¢ < 0.05).

head back arms waist legs
score score q 1l score score q score score q fiE score score q it score score q fif
AQsern B:Qsern A:Qsetn B:Qser AiQsetn B:Qsenn AiQset1  BiQset1 A:Qset1 B:Qsern
gl 0.08+0.04 0.084+0.03 0.60 0.244+0.06 0.16+£0.04 0.44 0.01+0.00 0.00+0.00 0.28 0.40£0.03 0.334+0.03 0.28 0.00+0.00 0.00£0.00 1.00
g2 0.02+0.01 0.064+0.03 0.26 0.20+0.03 0.12+0.02 0.25 0.064+0.01 0.05+0.01 0.26 0.24+0.05 0.1740.02 0.47 0.12+0.01 0.08+0.01 0.33
g3 0.01£0.00 0.0440.02 0.60 0.15+0.01 0.12£0.01 0.38 0.334+0.04 0.25+0.04 0.27 0.39£0.04 0.314+0.02 0.20 0.124+0.02 0.13£0.01 0.84
g4 0.02+£0.00 0.0440.01 0.96 0.13+0.01 0.15£0.03 0.96 0.1940.02 0.184+0.03 0.71  0.29£0.03 0.2040.02 0.23 0.144+0.02 0.09£0.02 0.34
g5 0.00£0.00 0.0040.00 1.00 0.13+0.01 0.10£0.02 0.26  0.0040.00 0.00+0.00 1.00 0.33£0.02 0.234+0.02 0.13  0.00+0.00 0.00£0.00 1.00
q6 0.00£0.00 0.0040.00 1.00 0.10+0.01 0.21£0.06 0.38 0.004£0.00 0.00+0.00 1.00 0.43£0.02 0.3940.03 0.66 0.00+0.00 0.00£0.00 1.00
AiQset2 B:Qset2 AiQset2 B:Qset2 AiQset2 B:Qset2 AiQset2 B:Qset2 AiQset2 B:Qset2
gl 0.00+0.00 0.0040.00 1.00 0.164+0.04 0.104+0.03 0.23  0.044+0.00 0.02+0.00 0.22  0.27+0.07 0.294£0.03 0.66 0.134+0.01 0.064+0.01 0.05*
q2 0.00+0.00 0.0040.00 1.00 0.20+£0.04 0.14+0.04 0.26  0.084+0.02 0.03£0.00 0.28 0.33+0.06 0.214+0.04 0.25 0.124+0.02 0.08+0.01 0.66
¢3 0.1440.03 0.00+0.00 0.00**  0.1740.01 0.16+0.03 0.28 0.36+0.03 0.264+0.06 0.20 0.394+0.03 0.36+0.03 0.43  0.04+0.01 0.03£0.00 0.66
g4 0.2340.04 0.0240.01 0.00**  0.1840.02 0.08+0.01 0.13  0.3240.03 0.234+0.03 0.25 0.314+0.01 0.254+0.02 0.25 0.0740.01 0.0320.00 0.20
g5 0.00+0.00 0.004+0.00 1.00 0.1240.01 0.09£0.01 0.25 0.03+0.01 0.04+0.02 0.85 0.42+0.03 0.33+0.04 0.13 0.214+0.05 0.11£0.02 0.20
¢6 0.1040.02 0.0140.00 0.00**  0.2740.04 0.15+0.03 0.20  0.00£0.00 0.0040.00 1.00 0.3240.02 0.2740.01 0.34 0.16+0.03 0.07+0.02 0.23
A BB WhLEEZLNL, ZOLHIZryvareHWTHEKE
e pan— > VT 7ANBNAL T, RO 2222 5 )7 % LAk LR 3\,
‘ . .
qLIZBWTHEOEEAEDSH -2 nb, TOXH) %R
- P B LT VSIS ERATIC £ 12k 072 b V2 2.
Cc ®g o O® ol N A - . s :
7w va sy EOEAIZOWT, WIHE A 2SIREEB X 1)
s < . S w2 <
NP I LIEVER T 4% o B, BB LA v Y3k
- DR ETNTEHRAEFATN N T o 7220 5 LHEHIT
c DE"" b & 5B, I, BRESDY v Y 3 v R H TR
3] % EPRC.

9 MEfHmEsERAEbEL— vy T ([EHD-0, EE
FEATA FEICEFEREN TV WEN AR EZFR LT
Ww5)

Fig. 9 Heatmap of user’ s answer area.

5.2 WMEBEERIC L BIRED X T LDOIBFEEERNR OHE
Qserz T, EDDAWHILY AT L%z, bbb
TEFE T AT ERETW v B HOREM LB %217
)T LT, BEY AT L X BRFES B OB ER) S %
FHiiCE 5.
5.2.1 EERER

F 20 qgEFNCIERT S &, HEEL (head) @ 31 (g3,
q4, q6), BFER (legs) D 1 (q1) THEENALN, »
FTNOWEEEAIWEEB XY bRERA I T Emr-> 7.
ZOEPDOEMTIE, AEEVALNZPoT:.

5.2.2

B9 D6 lFEATSE, HEOTE 5L, 7 vary
WENTY =Y TIERZ WA, 7 v a VITHARAALTL
D HICE Y, BEERIZ 05 ESDS L E T
b, FTO7HOIC, —ETHALLZERMA T 14 Fi B2k
AW, 7yyaryEOENCOEESMLCLIICRD,
BB LV AMEATITHEL hotzbEZONL. &
72, 9D qliciFEEHT R E, Z7via ildoTHYES
BT -oTHEY, HHESTHEESITHmEN B h o T
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T TEZZEEBMLCLEY, Kk, 7viarnl
TOEBETRNEEESMZRELCLEF T bEE
EAoNL, vy vary EoRENETHILL, HEDRE
SR L2202 S E Tl o 2720, TRIRBIEDLE D
TR AR RTTRE AT 2 2 b A TE T
avRENE L o TEBALMAZE VWS, M
LOEGENS, 5%, RO 7 v a3 v FOEIIC
FEZET 5 X RIRENOYEEIZ O LD 5.

AR FEBRTIE, ERESHICO VTS OF#S4 % 4
B & L727s, WFERICARY AT A REBATALZ LT, B
TRASHE L& SND Y v g v R FIH L7 2 R 2 iR
FFIZBWTh, X DRRMITEKRETHEIBETE L L)1
HhEEZONDG., 72, KRV AT AxBEOFEMZ T
SUTHIH L72Bcd, BT lMAmB L, 3574
LR T E DRSNS,

—75, WK, BEHICEEEES RSN o7 B
g RIS SR O EE L BAEEFT CH 1), JLRE T
M ICHRERTRIRE D e SN D, F D720, SEHESERD
FHEEDDLRBEFEPTETBY, ENSMOTHILIC X
LRNRBHC ol b EZ OND ., BISBEHEISAE T
HAEVELINGIREIEINTBS Y, ESHL 2 LA
fFansas, SRoOFEETIE, FEBEI %0 7-HH
EAHTH 5.
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AZA FHDOER

10 JEJ AR FENTAR AL o 7o SR DO BAT A A
Fig. 10 Answer summary of visual factor suitability for

leaning.

5.3 BETLH— MIESWAEREY XF LOFHE

FEOHEBET v r— M2 HWT, BBREIC X 2 E 5
AL ERMT M 21772, A7 47— b T, © 10
DERIRT 12, BEMATA FOKEFIZHFESLIED,
L o 72 EIZ DWW TG 21572, ZDIEh, [EHDAK%E
HARTCIEMer v v a v ichrsEERIC L], [HE
N E —FER T2 v ¥ a Y IZhhLEND
HEHIFWZ 7200] 122w ToRERe, HEGEMIC L A A
Exiiie. HEHICREEFBAPOOHME EOEHES
NTn5720, ERMOBRITHET .

AT A FORBEFEDRIIN. - 72 IEF 3T 5 A%
%, K10 i, SAizAblzo0 7 A+ 7 ay
FBLXUEARKHEEALZODORy 7 270y bR ERA
ZRELTE LD MEOHAERLE, d, a, b, e,
c DNHICEBEENELBEIZEINTYS,. d (V=Y o
FENGA) % b BEEE R SR L7 L& 2 7o b 13
84.4% (38/45 %, HEMED 24 %K) CDlF-o7. %
2, Y=uRr vy vay EORENAROETLEE 10
F T C ORI & 5T L 7GR, P & BHE(RZE25 9.17 +
0.90 HTH o7z,

FENGARE R BRI 7 v ¥ a Y IZh b EE R
L7 %M 429 BH9-1 Fo< ) bk
V) IS LT, O & R AT 2.00 + 0.88, ET
DA E R THhLRMR 7 v a VIZh»DENDR
Hig¥z 7223 429891 Fo7<K %5
D) 1Zx LT, & DY L EERZE DS 3.68 £+ 0.47
Thot:. T, HHILBOREMD S 1%, [
7w ary i nAEEFTEHTE TR -72H, £
DA E R THSkR 7 v ¥ 3 Y I2hh b ED &R
EZLLENRE L] [ 7y v a vl NEHETE
5 LHACE 2 TW7es, [ENSARE R T, v
W&o TEHRNRICR B T E R FATE] O L) BB
SNz, UbEdS, 7y arEHOEME A B
ThH, WESMKPERERFORIT E 2, BEEDIEL
WHRIZ O A o2 b VWR B,

—77, HHGEBOHEZET v 7r— MLy, 7y ark
ZFIR ENB RT3 & ARRIEERAL O AL I BIARPEIZ D W
TH@PHLWEOER R b H o7z, TNEMIT 57
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DIZIE, AR WA OEELIR G ENEFE 5N
L. TROEHDZOIZE, 7y Y a VICHETICMESD
T LLENHY), AREHACBITS7 v arou—
HIAX =T a VHPHEELTHITONS.

6. A

KT, MEDNE Y EHMARATLEY - IR Ty
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DT AT HRERRIC X WA L7, B#EFEE N
L L7REY AT AOFHFE LRSS, e, 7 v i3
¥ % B TR T AR SRR 12 BT AR & v o 7R
AT T A AR AT B R DR ER A S o 72, DLED
WRPS, MEVATLOEAIZLY, 7y aryEHn
TR I AR S 12 BT, R BT B A A
RABETRY, DWTREBEY 7 0EEROB)_EHH]
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B IRAEHE SO e S B BRI DS D B LKHIE ) £ v %
A TR0 OB E & 4R OREE T 5.

SE ARWBFZElE, JSPS BHFER 15H02736 D%, %5
DIZ##48 SCOPE #ulsk ITC IREM DT %2 %17 725 O
T, F7o, BREECH D LT wi gl B R
FlEFROERRIIEH - LT T,
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