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Objective: This study aims to discover Priority of Hook type Wearable Device's PUI
variabels and derive Hook related variables' specification by conducting objective
measure.

Background: With rapid increasing interest of Health-care Services and ICT technology,
the research of Wearable Devices for Sport are becoming main concern. However,
Most research of wearable devices are conducted in Economic aspects. And, Hook
Type Wearable devices are stay in close to ears but there is not enough studies which
are concerning ear characteristic. We need research of discover priority between
Hook type wearable device's PUI variables and PUI Guideline which lower discomfort.

Method: First, in 1st research, Research of market's Hook type Wearable Devices'
PUI Specification. Next, Derive PUI variables and Prototypes with Orthogonal Design.
And conduct a discomfort test with dynamic task. Second, in 2nd research, Derive
Hook related PUI variables and Prototypes with Full Factorial Design. Conduct a
discomfort test with dynamic task.

Results: The PUI variables' priority is revealed as Padwidth, Outerwidth, Innerwidth,
Upperlength, Lowerwidth, Lowerlength, Paddepth. And PUI variable's which are revealed
lowest discomfort are 28mm width, 34mm Upperlength and 3 R value.

Conclusion: This study evaluates the discomfort in Dynamic Task that affects the feel
of Dynamic environment. Based on study results, a guideline for Hook type Wearable
Devices is 28mm Width, 34mm Upperlength and 3 R value.

Application: This study is expected to be used as basic data for designing Wearable
Devices, as well as Hardware in the industries which are related to ear.
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1. Introduction

ol2{= FFRELtE M2 A SOl 7|ed<L 10T BEE 2U2E St= XA HFE ZOFOM
o

K*'Oil TIXIOFEfﬂ gt 5= QUCL Ol ALERIQE AFE AO|Q] User-centric QIE{H[O|ACL JoT AHIO|AMA FEO|EQ AlF7t
H Hefs S5t M8 ZE H2d U 0/3ds SHATIE 74 S 7lgdt Al2—-E 28, oRe) LIFSH0] A, 7]
7|, BlE|o] Zke] BAE o F= StE/Y EUF 7IE2 XEeHSon et al, 2008).

Z7| floj2is AFECQ 2 HE7F 2 AREE 2 2alioto] ARt S0 HES| 24A7|e £E2 HEH FH0| MLt
HZ0= 71so g#Toz QId MAME|QL 22 HENC| SIEQ07) JHEE| AT, 7HELAC| SHO|Z ALO|20]| 2J5tH 20{2{E CIHIO|
20| Qo ChYot 71252 0/0] IsthA o mEYALL 288 AN dbAo) HlsH CHsh &8 HMZ2l A7t O|R01E &= U2 A
o2 0 ¢E ChPanetta, 2017). SZH A HAN 24, MEAHU 52| 7|=0| 7|& =0 X2|E FHOot fI0{2|S T|H0| 20
HEE 42 dMMY A0EES BEXxHO| ot E3tE FHE JIT CHio|A2 28 7H5d0| ACHKim et al, 2014). 3+ &
270190 ICT 7|& 22l 8840l SUEIHA, doj2s 77|18 283 /HQlo e Yo It gus| o|F0 X1 Uct
(Jung, 2015).

QIo{2{= C|HIO| 2 (Wearable Device)= M O{CIMLEEAIY), HA ASE = A0(HlY), &850 ALE3I7|0f HotH (RS, ot
Hotn H7| £2(2H84)2 §42 1Mot St=0|, S35 AFBAE2l A8US STAIZIZ| floh StEQ0] S F0| MUNQl AFML

of RAX[SL=E MA S E40 A M71|E|010F ote 7ol Eado| EXfettt. £3], X EfA3(Dynamic Task)0ilM FHZO| & 0]
2{2 ClHO|A= MA XMl HZ20| ER3BICHKang, 2015).

SHR|ZE 7= Qof2iS ClHto|A0f BEE HRESl A7S2 ZHH BHME HA D QUCH A0fZ S C|Bto|A9| QX =ef
° g TIZ0| FEfo| C|HtO]

= WRHez AMEX0| e Aot Aol S84S5 nafet g7t F58 2O[CHKnight et al, 2006). ot
20| Z% ety 0|0fZ Efof g LAY0| 2ot S0z 7ot 2N £F Haof AE A= FEIITHChiu et al, 2014).

metM 2 AT0ME FZ0| & Hof2iS CHO|AS HASt=n A0 HAE A48 =&, 24 a4 ¢ Uiy S48 ot
I.

OPX|22 2 Hook 22 2A =7t 2H & (Discomfort)df O|X|= s 4HED §SXES 12{5l0 =HE(Discomfort)E

oF3HC.

xaststs A4 7t0|E2tels 85| At Shoh

= QT 1A dEet 24 ooz Lo des TSI 11 2EoME HuAES St 87t Cote] AZQIE 2MS Sl

TZ0| & A0S ClHto|2o] EA 0| YUY TREE BiRULh 0| HIY2R 2XF 20|l Hook B H40| Haof &
, H8Y7IE 83l 24 7t0|EEYS EESHAULL

2. 1st Test
2.1 1st test method

14 HEo| FMo=z = 20| & O|{E0AM| Hook 2t HH H==Q Ear pad &H A 7+ 28 8T (Discomfort)dl| O|X|=
MUY 55 E TE310] Hook & MA M0l 584 YOt NXt St

et B Qlztast MEJHEC ME7F HLEES S5t FREAMS SE2E SESIQCE HZ0| ¥ o2& C|Hto|Ao| HE
H EMN AHE 8k, MME E4S HEEQLCE Eot A0 EAIE O HE5S #ES Sl HZ0l & Yol2i= ClHiojA9|
FQHEAHSE TEGRALCE Hook T A BI4=Ql 1. Upperlength, 2. Outerwidth, 3. Innerwidth, 4. Lowerlength, 5. Lowerwidth®} Ear
pad & HAH H==Ql 6. Padwidth@t 7. Paddepth & 7712 M=& 0|&5t0] HEAH =S TIASHACHFigure 1).

Olof et 1A+ Hedo| EA M2 WFE dA s BEE Table 12t 2L 7|1E A7 23 AIZY SAIE 1252 Hook Type 0|0fZ &
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Figure 1. 1st test PUI design variables

Table 1. Experimental alternatives

PUI design variables Level (mm)
28.0
Upperlength
Pperieng 350
15.0
Innerwidth
20.0
11.0
1. Hook Outerwidth
220
10.0
Lowerlength
20.0
8.0
Lowerwidth
14.0
13.0
Padwidth
18.0
2. Ear pad
12.0
Paddepth
19.0
t2tA Hook & MAH =02l Upperlength, Outerwidth, Innerwidth, Lowerlength, Lowerwidth®t Ear pad 21 AA# =01 Widthet
depth el H=~E 0|83t0] HEA =S TIASIAALY.
ol 2t +F2 2T 2 AT, ol AlZO| 2=E 12742 #Z0| @ ClHO|AL| X|+=E HH3 0|7 HFst A M0
7 X0|E HHEJUCE 1 CFS Hookl| HEHE 126t JHE 2 X[t 7MY &2 X|§ A4S 2F2 2 YSIRICt 0| Full
Factorial Design@ 2 ZIig ZA<2 QO] 1287021 242 12{3t0Y Fractional Factorial Design2 &l ATHA FREE 5| 0%t oh=
1R A2l 2SIt [HakA SPSSQ| Orthogonal Design2 0|83 0 1 Zt 87H2| CHQt0] =ZE|QICHTable 2).

ZZEEUS MAY Mol A M SAE AMEL R HMZ 7|EQ| FZ0| & O|o{Z2| AEZut B3 MZESE7| ffsh B0

http://jesk.or.kr



768 Jinyoung Kim, et al. J Ergon Soc Korea

U HAIZ WCIE BHEYUCL £ WRIRE HAIR OROT wrh 20| CH2 ARo] RAZ0| s =
At ol $B0) RISAIX| Y22 SHOIHCE M HA AR Aol £EE0 9l MBS RAR OpER0] &2 WO ofRA
0122018 Rxrstol Arhetol HEKS PASISACHeong et al, 1999 (Figure 2)

L 4o

Table 2. Experimental profiles

Hook Ear pad
Part Upperlength | Innerwidth | Outerwidth | Lowerlength | Lowerwidth Padwidth Paddepth

(mm) (mm) (mm) (mm) (mm) (mm) (mm)
Profile 1 28.0 20.0 22.0 10.0 8.0 18.0 19.0
Profile 2 28.0 20.0 11.0 20.0 14.0 18.0 12.0
Profile 3 35.0 15.0 22.0 20.0 8.0 18.0 12.0
Profile 4 28.0 15.0 11.0 10.0 8.0 13.0 12.0
Profile 5 35.0 20.0 22.0 10.0 14.0 13.0 12.0
Profile 6 28.0 15.0 22.0 20.0 14.0 13.0 19.0
Profile 7 35.0 20.0 11.0 20.0 8.0 13.0 19.0
Profile 8 35.0 15.0 11.0 10.0 14.0 18.0 19.0

Figure 2. 1st experimental prototypes

St A

MM T Ao, 58 E}AT(Dynamic Task)S +HE & U o 72t FHISIFCt B
FEEILE M| THAIE AN TAStAUC AEe FH|CH, ASTHA, A 9 BIICHAE O|R0{X T
=5, 2t dA B 280 =F Xto|of ChofA LHSIQICE CHet & Al 7t

SESH AlZtE 205iUCt £ 2 HEo| B2l 8HE (Discomfort)?| HO|
CIxtel2 dixsta ClHio|AT}t 2E & _IX1I‘='$I°._ oM HZXHoz X 2HE(Discomfort)df CHS}HO] *“7}6}5% *P"'Er
(Takagi et al, 2005). 7 Size0ll Ci3t #@atel BE2FES Qlo 2l =0, ol Lo thshA ZF38t0 7| 58HRICHJung, 2000).

I'|F
0|=I
.|
=
ok
N
rut re

e X HIEAH O M Latin Square Randomization HEAZHE 0|80 W2} 2t 7§ QIO HILeHOF 3t C|HIO|A9| =ME &
HRIALE 5N E}A3(Dynamic Task)ye MHUATLE £1t0] LSS MH(Motti and Caine, 2014; Kang, 2015), '60m Z7|'9t A8|xtS
E 2%0|= 'som 2|72 S erght and Baber, 2005; Kang, 2015; Kim, 2015). 2% Zt2to| £3tE HX[6t7| /510 6712
CHeH =ZF 3 "I = 32 Zhe| BAAZHE HS3I0] & 28O [AAZtS 2ORiCt



31 Dec, 2017; 36(6): Hook Type Wearable Device Based on User Discomfort 769

7t D AMERHE 20~30C0 & 12HO|YUCH Bt HH2 258M(SD = 3500 JEZ = YAt 63, OJAt 6HOZ gH|Q If
2 (o]

=2

= [=] = o

MERY @ RES WAL ARl MBS ANl SR §D, S2H 22 2 BIIS 93 AXIY A gl AYE VFoR
ot

2.2 1st test result

8fe] Z2EEIY2 1290 =S EHE 5 ZuE HIEQICE HRQE EM2 o2& T/H0|2o] 87 £=X|& A LSHA
Lt o|2X0l 2Xo| AMKALO|= EME I3 AFREICHLee and Sohn, 2015). AERQIE 2M ZAD o] Mot TEHS I3|A] Pearson's
RS HEE ZU 09682 WO Mot A= LIEIGCE ALAIL| S L (discomfort)0l F&S O|X|= A B0 HIIH F2
L& Paddepth (21.4%), Outerwidth (16.9%), Innerwidth (14.5%), Upperlength (14%), Lowerwidth (13.2%), Lowerlength (11.3%), Padwidth
(86%) =2 = LIEFGCE Eot 2t dAMa E HMSFS 20I617| oM FEE(E| g2 &2 At Upperlength?| 2% 28mm
oA R EElE| 250l 0.250, Innerwidth] ZA<% 15mmOllA FE2|E| 20| 0417, Hookwidthe A2 11TmmoOilA FE2|E| 20| 039,
Lowerlength®| Z< 10mmOllA FE2[E| 20| 0333, Lowerwidth®| Z<2 8mmolA FEZ[E| £{0] 0229, Padwidthl| Z< 18mmOflA]
FEE[E| 40| 0.125, Paddepthl| A< 19mmOiA 08752 LIEGCHFigure 3).

Ear pad ZH2l M7 #2=Ql Paddepth®} Padwidth= MK 2HEZO| 100% & & 30%= HA| %2 5242 718 A= LetHCE O
o o | B2 Hook Type O|O{Z0| Ofl CHE HE{O| O|OEO0| M= FO| A7t

_—

A
2iLt Ear pad 23 A7 40
Orthgonal Design0ll 2/si dA=lS 2d5tQ7| 0| HHEX Rot M=ES 12450 Hook #H HAME IFZ XA Ot

= MAIStRA} SHALE.

25
20
X 15
[}
o
c
£
2
g 10
5
0
Paddepth Outerwidth  Innerwidth  Upperlength  Lowerwidth Lowerlength  Padwidth
Factor

Figure 3. Conjoint analysis result
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3. 2nd Test
3.1 2nd test method

tRA7| 201 Ear pad £ HAHH==2! Padwidth?t Paddepth

2Kt AHOME Hook & E7|H--0f LSt 2 HEO| X0|E HHEUXL S
f l= 7IE2 AMEo Z2E #Z0| ¥ 0]ojZa 2 Xjo[7} Q=

£ ZZH 1A A 20 A ZDHK] Q) 18mmet 19mmE SX|SHRICE 0
MA XUt £ 15 HAHoM A2 FREot AEHYOZ Hook T MAHSE XHHO| St ACKFigure 5). B AA|#H0| Hol=
QIZtEst METF 3Hat A|EO|A HHOHF Ol FZ0| H O[0jZo| A M-S S HwstH MYSQILt FEAA Ao 52 7|12 ¢

9|5+ ACHMoon, 2009; Lee et al, 2016). O|If Hook 2t& HAHHE-2 Width, Upperlength?t RZLS
2 ZOIZ|RACTable 3). AXQIE 24 ZuofAM Y2 Hook HH HF2| FEH2 Outerwidth (16.9%), Innerwidth (14.5%), Upperlength
(14%), Lowerwidth (13.2%), Lowerlength (11.3%) =22 LtEFGCE 2 7|0f Innerwidth®t OuterwidthE 124510 WidthZ2 MH2l5Hed
11, Upperlength= Upperlength, Lowerwidth@t Lowerlength= RZECZ MFOISHRACE MEA F7HEl Rzl CiSH M2 CH3ab ZCh
1A Al 2D MBS TOoFEE B0l Lowerwidth?t Lowerlength?] F&F20| WA == Qict =3t {Z0| ¥ Cldto|A0) chst
7|1E AR M= Hookel 7t F[O|Lt2 RE25EH Elis XEMNKQ J& HA B0 Ui Z2HE ZXSACKChiy, 2015). IE
2 Hooko| SIEE9| HHSL S Y& 20|BIC . A2 Hook HEE9| Lowerwidth®t Lowerwidth7t DEEUS If & ¥ ZHO|
M ZE2 & ot ¥ S Ao|Q HIX| S0 ZEMAS o ZAFEI0 1/RO[CHStrey, 1994) (Figure 4). E3H & & 28-S 0[2 MO
b & (Chord)ol A2 22| =O0|(Height of Arc)0ll 2|3l MHE == ULt Hook HFEE2| Lowerlength?t LowerwidthE 1XF A& 0l A
Mg R2 Sz WHE 22 dA2Hoz FHSHRACL 0|F, T 18712 Z2EEIQ0| HAKRUACE O Hook BHE A B

o
22 1A} 2ol ofeh Ayt SBICHFigure 6).

\ Surface

Height of Arc
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soepng

\\ Curvature 1 Chord
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Table 3. Experimental alternatives

Level Width (mm) Upperlength (mm) R
Low 23.0 28.0 3.00
Middle 280 34.0
High 330 40.0 7.00

2KF AEof EUKSt DMt 20~300H & 29F0| QUL B HY2 259M|(SD = 29)0|H M2 HXt= 159, OfXt= 14302 4
HIO| mES UFRACE MRS NP MMA EX7L g1, ZZX Zzt W HILE st XN EX7t Qe MES 7IFCR ¢
RACh Eoh 1XF Ao &V D M™RHE CHA| BIHSIEE 510 AEol Mt & =RUCt
3.2 2nd test result

b 242

Spss 232 08310 FMEMI THHR HA =X| mtets Qo) 4o Tt 2+ LAX| ZLAEH SNK AAZE4 S8 HEC
o A1, R9/+F 0050 A Width, Upperlength 12|21 R FZ 1}, Width?t Upperlength, Upperlength®t RO| 2X RS A, Width,
Upperlength, R #5=52| 3Xt W= A-&0| R2|=F 0050|A #HZ0| & of2{= C|HO0|A EHE(Discomfort)0l 37tX| B RS
& =HE(Discomfort)0l Flot Xt0|E EO|= A2 LtEfG{CH(Table 4). 2 H=0f Chot 282 Hot 2Xt WS X0 EXSHA
Width®t Upperlength, Upperlength®| = 2-& == Figure 70| LIEFLHRICE SEBH Widthe 28mm, Upperlength= 34mm, R2 79!
EEEIQYO 7MY R EHE FE ARUACL

[[= I

Table 4. Summary of anova result of discomfort

Source SS DF MS F p
Width 120.856 2.000 60.428 23.657 0.000™
Upperlength 155.937 2.000 77.969 13.963 0.000™
R 12.022 1.000 12.022 5.145 0.032"
Width*Upperlength 27454 4.000 6.863 3.693 0.007™
Width*R 0.737 2.000 0.368 0.348 0.708

http://jesk.or.kr
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Table 4. Summary of anova result of discomfort (Continued)

J Ergon Soc Korea

Source SS DF MS F p
Upperlength*R 6.857 2.000 3429 3.263 0.046"
Width*Upperlength*R 14.828 4.000 3.707 3.278 0.014"
*p<0.05, *p<0.001, ***p<0.001

Interaction Plot for Discomfort Interaction Plot for Discomfort
(Device’'s Width and Upperlength) (Device’'s Upperlength and R)
7 7
o °© 54 e —3
8 53 5.1 5.2 e 28mm
‘g 5 4 5
) \ 43
£
8 a 37 3.65 B 4 _—
8 \ 3.1 _—
© N
=) 3 40mm 3
9
< 2
1 1
23mm 28mm 33mm 28mm 34mm 40mm
Width Upperlength

Figure 7. Interaction plot for discomfort of the device's Width and Upperlength, Uppelength and R

Discomfort

4
3
1
0 3 9 2 5 4 6

1 1"

15

8

1

17 16

18 13 14 2
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Figure 8. Post hoc analysis of prototypes’ discomfort
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ofot 7t S HE AYHHK| 2AEMsO| ZIHE Figure 81F 22 =AM 2 LIEHGCE S-N-K AFZEM Zat= 108, 38, 9F Cfoto] AT
H ACHFigure 7). CHOt 7 S HE YRAHIX| 24HEA Hb= Table 50 #%
Chotsol 2t Ha g2 Table 60 EH AL

o
i}
re
il
(]
iz
o
Hu
I
dr
3Q
o T
39

_['7_
my!
rlo
[
Hu T-

2

of

on

Ot
rir

Table 5. Summary of anova result of prototypes' discomfort

SS DF MS F p
Between groups 330 17 19 6 0.000™
Within groups 1551 504 3
Total 1880.469 521

*% < 0,001

Table 6. Main variables of A group prototypes

Variables Frotoupe 10 3 ?

Width (mm) 28.0 280 28.0
Upperlength (mm) 34.0 28.0 34.0
R 7.0 30 30

4. Discussion and Conclusion

QIo{3{E ClHto|AL| Q7 B7tste &AM CHYst ZWHE 71X 7|7(0f Ciet AFS0| =#EICE 1 5, #Z0| & ClHio|A

9| 42 35 SHH0|M CHE HWEjO| ClHiO|A RO} UXH0| 3 EFO|z HEE Ayt LFSIAUCE ofof et 1xH Aol HE

Ol & 9lojg{g Cluto|A AAof oiM dAHo| 28 + UEE X3 stAon, ZY MIst T=EEIYCR &
=5 EfA3(Dynamic Task) Al &M = (Discomfort)S X3} E

295tH, 0| S #HZ0| & {ojz{= ClHto|Ao] HA

ol
(o=
N

u

;S

—_

0

3Q [
fal
o

bal
=
>

Ir
re
-
i
ofm
of
e
°

(g
Y
=]

t=

mo

HA 7|E AFoMe 20| ¥ Qo{2{E C|HO|AS| A7t A= QIUEAE mofstn AZUEL0| TS Fe A
o ZR¥S EESIYULCL 7|E AF0ME AT AZUZL0 IS 0K HUE A2 FH|, Paddepth, Upperlength,
Padwidth, Width, Hook®| £ &2 2 LEFHCE gLt o oM &0t HTHE A&l AL Paddepth, Outerwidth, Innerwidth,
Upperlength, Lowerwidth, Lowerlength =22 LtEFECHChoi, 2015). 7|& H7oF H|WSt0] SR CIL0AQ ATHA HEFzo| M &+
@7t HERl O|F= 7|&o LHZ QIsl O[0JE| 2A|0| CHet M0| A2t L, EHR O|0{E2| RAHZ 25t 24 Sug TorF
QU Upperlength2| =X ECt 1o HEHE EOIFE Width7t O £23t Ao 2 siME £ UCt 24t M At Width, Upperlength,

=] ct
REQ| Ml ZtX| =7t RS ROIFUCE 2ALEA Ao M LIEFLE N ZFX] B5=9] Ft2 242 23,657, 13.963, 5.1452 1A+ Ay Zat
oA EQE Fatao| =Met SLSHA Bl ALY,

AT A1}, Width= 28mm, Upperlength= 34mm, R2 39! T2 EELQI0| 7+ &2 2HE M5 ARUCE E8H Widthet Upperlength
o uTAES HEHEH, Width?t 23mm¢@l A2 ZE Upperlength?| =F0| 2Hst 42 HRJCt 0|0f Higl, SHSICH L= 47
2 7|1E2E Width7t 28mm@l Z<% Upperlength?| 1, 22| =F X80 EHE F47t B2 A2 LIEHHD, Width7t 33mm¢l 2<%
Upperlength®| 24=%F A20| EHE F47t F2 22 LIERCH Ol FEA QIER Autet 20| siME £ AQUCH dEXES

http://jesk.or.kr
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Width2| £=%0| 12! 2L O|0jE X7t off 7t o] TAL|of SHSIH ESIAL, BHHE Width7t 35=F 2 I, Upperlength
7t3 =Y A2 e AHE LIE0| AL £ Width7t 35-F 0|1 Upperlength7t 15FY Z2, flotaiz ZojT % Ed £
Ho= Q510 X EfA3 Al CHIO|AZ} A8 Al MHE & XX} FX| Rottts FHE QAHR LHE0| ZXSHALE. Tt Zte
MNZEM Aot AJECE FIUE 109, 38, o Ciet £ AEEHM widthe 25 28mm%A 20, Depthe 10, 9 Ci2tQ]
Upperlength= 34mmZ 1%}, ztr Aol ZAnolM 2 MOHE Fet RASIAl LIEFHCL 0|E EOZ #Z0| ¥ J|01E1% Clst
O[AE HAE M M =& F1 HADCH WidthE 28mmZE SMESZ 12{sfiof i, 1 CtS Upperlengthe 34mm2E
n24si, OiX[ao = g2 392 ne{sop & Aoz =olrt

SHX|OF BN ZZk2 3 A8 2H I (Discomfort)E OF7|E o= AU B CHYsH MAM~E Da{six| 23+ HO| 2 S719| 3t
o|ct £t 2 AR0|AM = HZO| & Y0j2{E C|HO|ASl F AMEXIE oMLl 20~30CHE CHACZ TISHSIX|DH A™HLjo| St
oF sh| QIN|E4TF HMESE0f [M2kStoudt, 1981; Heathcote, 1995; Jung, 2000) A8 &M = (Discomfort)?t S2tE £ ooz Ciekst

=

o
AYCHE nedst F7t A7} JHsE AOICH
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