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Suggestions of Movement-Assistive Knee Pad Designs: Focusing on Preference and
Satisfaction Evaluations Using Virtual Avatars’ Wearing

Sujin Park and Sumin Koo'
Dept. of Apparel Design, Konkuk University;, Seoul, Korea

Abstract : This study evaluated designs via the consumers’ function and design preferences survey for using product
design images, virtual avatar wearing images and product explanations that identified consumers’ function and design
preferences for knee protection pads as well as to develop movement assistive knee pad designs. We developed Design
A for men and Design B for women. For Design A, the front of the knee supports muscles and alleviates pain with a hole.
Mesh material with good ventilation was applied to enhance wearing comfort. The color was achromatic for a modern
style, and the hook fastener and loops enabled easy wear and removal of the pad while controlling size and pressure
strength. For Design B, taping details seamlessly support muscles in the knee area with fabrics less than 0.1 cm thick
and with long sleeves in the diverse sizes. The design’s satisfaction assessment showed that potential consumers were
satisfied with Design A and Design B for overall design and functional features. Over 77% wanted to use/wear and pur-
chase designs; in addition, over 78% expected it would help with walking and relieve knee pain. The results can be helpful
for designers when deciding designs for manufacturing and commercializing kneepad products.
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Ql 7HHg 9 Fofl A== 7971 Brh(Korea Centers for
Disease Control and Prevention [KCDC], 2016a). 53], ¥52
AAAAM 7P 2 W F shtoln JdAE FHE S8 =
23 BEOZA(Lee et al, 2015a), 32 ATIHA] €7 ¢o]
wom Wgel STt WS e A4
Park and Lee(2014H Aol whEw, “ES AFEe] 71
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3}, &5, HYH A fA, vo], A | Eﬁ‘ﬂ]
A RSl JYTHCDC, 2019; Moon et al.,
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7t Btk 78 Raje] FAHe 38 AR & B
% 9 2% g345 ZAaA7|H(Park & Lee, 2014), A3 3%
AFL27HA] 49 4= Uth(Lee et al, 2019b). T3, AdEou}
AR o] ARgAF EACl wet a7Ale] tE AoR AR
HhKwon & Kim, 2017).

AR AFEL iR AES] 2ol AlAl FA Y mR=
T 2 75 A A7 Rl k(Lee et al, 2019a; Lim
et al,, 2012), &Hx} B9 AseE ¢ tRl dite
wlujsit}, oo B AFxs AR, ARk 715F TRl
ek A RAE HEeE 78 229 BXE 9 ZA1H
Zn|Rke] 7% 9 TRl AEEE Folslar, 24, AHR; =
AL AFE o R 75 B tAR] rle|=eRlS shEst
LA, AP AFE alEe R & Bod trRIE st
3 Jung and Lee(2015)9] A7 WHS wkdsle] TRl o]
A, Z22]3L Adobe Ilustratore} Clo 3DZ A|ZFsk 71 28
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Table 1. Extant research reviews and comparisons

o] w=m 20407H4] S17¢) oF 25.9%7F FHHY FAp] L,
I % % 67%= o34l @ Ao o ZHTHCDC, 2018a). &
de dAl T, w17 F d2ERZ BF o] el
< O 7R ] el Bl F#EA @Ale] E=o(Jung,
2019). 8kA 28 L3 dAL 60th, oL 5000 o] Fo 7ha
slod ojAJo] Aol vjs] miEA 2Fo] AEE Aoz et
JTH(Chung, 2008). 53] &AL ol vlsl w2t Ed9}
oA £ Alo]2 At FEEAA VRO (Lee et al,
2019b), o/32] tEAFFZo] HAEL Hopr FEd o 2
F4o] 71BA FEol W] &44EA FohKim, 2019b). =4,
9] Zvlel wet FUEEs AAsNE, 9482 35ARE Z
1e7h whd 2% sk, 9 S0M ©]FRE] 0.5%Y)

¢

o

7F223CK(Choi et al, 2018). Uolol] ma} me] 74 AEE
waele] §714& asht 77149 4ol Skl mel

70% o’dS AASHA =, 2Fo] rlslAS ul Wzt HA I
FEH(Choi et al., 2018). 53], THZ= <] 7% 30-40
AIE 10drkeh 2] 10%4], B 3%H o] o
Jo] e Hl3] ZIEe] ¥ =7}t FH(Choi et al., 2018).

22 2& 230 ¥ 28 % =

& Borel #HE o ATE A A3 T2
#H AF 25 FYHSR= A (Lee et al, 2019a; Moon
et al, 2019; Ryew & Hyun, 2017), 223 715 54(Lee et
al, 2015a; Lee et al., 2018), XI5~ 54 (Lee et al., 2015b; Lee
et al, 2017)2] 7ol Bt AF7F F5 ©|FTHTable 1). Ryew
and Hyun(2017)9] A7l m=W, 75 BHErfe] 282 +%
ol BT = A= ERIHLH, A F4US &
FHHo =z Aojet Fidulols Tgo] HE oz vttt
HhHAol Lee et al.(2019a)2F Moon et al.(2019)2] 7o W=

I
=2
)
et po

Author (year) Research purpose

Result

Lee et al. (2015a)  Develop compression sportswear to enhance knee
safety of wearers

Ryew and Hyun (2017) Evaluate male adults’ balance improvement while

wearing knee compression bands

Lee et al. (2017) Develop garments by segmenting measures and
sizes for safety during sports activities

Lee et al. (2018) Develop a rehabilitation device via 3-D printing
technology

Lee et al. (2015b)  Analyze a 3-D design reflecting the skin
deformation’s length and curvature

Lee et al. (2019a)  Validat and compar wearing a knee sleeve for
pedestrians in their 20s and those in their 60s

Moon et al. (2019)  Research the function and effect of the knee sleeve
based on an ICBM to improve walking for seniors

- A design line that considers the degree of skin deformation and
anatomical shape
- Designed to facilitate mobility via garment pressure

- Wearing a knee compression band can improve balance

- Developed products optimized for a Korean body shape and
measurements

- The 3-D printing technology shortened the production period and
enabled inexpensive and eco-friendly production

- Development of leg protector designs that reflecta human body’s
shape according to the core movement of a baseball catcher's leg

- Using knee pads while walking has no effect on blood lactate
density or blood glucose level

-It only correlates with the foot swaying back and forth without,
relevant acceleration information, such as swinging a knee left and
right or stepping on the ground with heels and pushing on the
ground with toes
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B3 Al 75 Hete] 28 f7= 75 9 ) &
o] gl Z0E Yeh e st 7150 2He &
Lee et al.(2015a)¢] Atelxe I)F HY A4S 53 78
AAA ] 7P JERE dEo R B Yo VIt F3lal 75
olel s = FHEl= AABIN, FeA oz x

B2 Al HQbsHAl e, AeHUE B & 4 B
Z 232 7AS3I Lee et al.(2018)2] IFolME= 3D =
Yo ANFRZI)7E MNPl AR TEAT)AL, A
oA AT 5 glon, g F oz At 4 ik
F AR BIZE A, AlA9e] WaRte] &A1 Zgo] et
F 702 Yeyith X B Aellre, =l AlEe A
Pt MlEste XFAAIE AEs 2™ (Lee et al, 2015b), 3
2k 1A dlelE] 7Rke] 712 RdE ATE FY3IITHLee
et al., 2017).
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2 THEt F 11023024 ATyAe 757
b1 el Bg B N (P, 9%, 71, BRA, S,
2737l 3k #1070 (KCDC, 2016a; Kim, 2019b; Kim
& Jeon, 2011; Lee et al, 2013; Moon & Kim, 2016; Park
& Lee, 2014), 715 2 U] A5 %o & 3 957) (Koo,
2016; Lee, 2012; Lee & Suh, 2010; Moon, 2006; Park &
Lee, 2014; Seo, 2008)% =t} A7t dAte] dwra &
4, 2737480 Aet ES Aey o FASIAL, AFl
g 7% 2 YA AseE e 2382 A HAE HE( =
- T3] kg, 7=1
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3.2, CIXIol 7jo|=afel ¥ CIXfRl THet

12 AR 24 432 vlgo s B2 RaY gzl sol=
RIS =3I o)F nlEe R FE HIUE YARIE
o, ZF YARIE Adobe Illustrator2} Clo 3DE A|&}se] 4
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MR Sl B AF Ol 9 g mgel of
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3.3. 2} MEXAL C|XIQl "It ¥ BEEE =A}

st Tix1e] Hrhe 98] AHAl SR AR A4
Ak 23 AEFANE 20199 99 8AHE 20199 99 9d7}
2 12} ARRAR) 2 Wgea At HYPREE 9
3 F2 Bath ZEA4F0] e 184 o Ael s iy
o2 39 weA gARl = H7EE $18) Jung and
Lee(2015)9] 71554 oF Al 7R A7 el M= A
EEAL ARERARE WFdEE YRR A, YRRl oriAE o)&-
st BE% HItE AAEITh B AFod A= Adobe
Ilustrator® A 2F3F =23} (Jung & Lee, 2015)2} A 282
< 7S 9% Clo 3D 7P 2H8- olnlA], zF ARl 84
H ARE o83l txRle tigh V% vt ARERAE A
Alaladnt, AiAlE ZAREARS] dvky B4 w2 Tzl
A9} BY B 9 o) AMgor ol B Fgoz 14
STt I EAIEH wf el #st A9y 3 ale) Yl
Ztol=gele] wh zh FEE CAl kel #e 73 21
7N(Lee, 2012; Lee & Suh, 2010; Park & Lee, 2014)%
4=k TR Ash BY WS #e B 2 73 AR
A1 =1$ FsA] R, 7="1% FhE =Hsuh
At F3¢] Cronbach’s alpha 3F& &3 A= 43 A3
E5 6169014 87224 WA dIdS AYe B2 e

ol
-

Ch(Hong et al, 2010). 33 A5+= SPSS 25.08 ARE-3tA
HiE, BAREA iR gyt 7R 7)eA B 1155} Welche]

ANOVA, Scheffed] A% AAL AAslsch

4.1, 1Rt ME=AL 23t

411 AT ATEASH 5

FARE F 2480l o, BEAAS 3F 319S AL
2078(83.27%)°] S AIE A ARkl 3E
& A 1449(69.57%), 914 639 (30.43%)0|H, Ha AHL&
41254 GEFHAKSD) = 17.49, M I(R) =20-77)°IAt}k. AHTh

He A Ew 20th7) 784 (37.68%) 0% 7P @ekom | 30th
529 (25.12%), 60T 474 (22.71%), 40thk 70th7F zF2F 113
(5.31%), 283 500] 8%(3.87%)8] <O & UERITHTable 2).
AR 2A1 EAS AvE A3t 7] 160-165 cm W|WH
(39.13%) BEFAE 50-60kg "ITH37.20%)°) B ©gkow,
HFEEE 57 1179(56.52%)7F BIS7] 909 (43.48%) K.t}
A el

Arhgztel IS Lokt A3, Fa 2478 Ho
I G HEo] 50.24%, ¢ 717BITh20.02%), 1A 2
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Table 2. Demographic characteristics

Table 3. Health condition

Category Sub-category N % Category Sub-category N %
Male 144 69.57 Very healthy 58  28.02
Gender
Female 63 30.43 Healthy 104  50.24
20s 78 37.68 Health 1 5o bad 29 1401
condition
30s 52 25.12 Bad 15 7.25
40s 11 531 Very bad 1 048
Age
50s 8 3.87 Knee 96  46.38
60s 47 22.71 Hip joint 45 21.74
70s 11 5.31 . Shoulder 34 1642
Painful body
Less than 160 34 16.43 part Waist 12 5.80
More than 160-less than 165 81 39.13 Ankle 9 435
Height(cm) More than 165-less than 170 40 19.32 Wrist 6 2.90
More than 170-less than 175 29 14.01 Elbow 5 2.41
More than 175 23 11.11 Age 55 26.57
Less than 50 36 17.39 Weight 53 25.60
More than 50-less than 60 77 37.20 Repetitive occupational tasks or lifestyle 36~ 17.39
Weight(kg) More than 60-less than 70 34 16.43 Repetitive light trauma 22 10.63
More than 70-less than 80 36 1739 Reason of  Severe impact 2 1063
the pai .. ..
More than 80 24 1159 €PN Fracwre of joint or imjuy of o o
No % 1343 surrounding ligaments ’
Living alone Yes 17 56.52 Bacterial arthritis or tuberculous 6 290
. arthritis '
N = Frequency, % = Percentage
Others 1 0.48
; ) ; R Deformed joint shapes 56  27.05
0 A7}o B Ho 0 A7}o L:L:}
TH(14.01%), 7o) hE Aelek(725%), 2ol vile- v Tenderness causing pain when the 56 2705
(048%) o2 YERITE (Table 3). 552 7| AlA| 9= joint is pressed '
= %(46-38%)01 718 Bk, 3 (21.74%), 0177]1(16-42%), Fricative feeling while moving 34 1642
18] (5.80%), TE(4.35%), =5(2.90%), THEX(2.41%) T2 Symptom  Reduced ranges of joint motions 33 1594
el &5 F EaA TS AV o= Qg 4 Swelling(edema and pulling stifthess 16 773
Rz Rgo| kY Bgkom, ol HEsom she A around the joints) '
A=A FEol 7P =7 Ut Park and Lee(2014)9] A+ Clumsy gait 10 483
Aol AR}, w2 gAY A 2 Hle] 5 ¢ Others 2 097
3} 2 PaogHE REE & il A|E sfuke] @ FHE A Getting on and off buses or trains 74 35775
o7 UEhgth E= 9ologs ZZA7} 2560%2 71 2 Uncomfor- Up and down stairs or ramps 60 2898
grom, olg} HiszElA BAY WA Ao AF F/PE table  None 45 217
36%= 714 %7 UERTE ©]= Kim and Jeon(2011)2] A activities  {Jge of toilets and bathrooms 22 10.63
Azte} ARsk=d], HHA B0 66%7} FAFE T B]vto] Threshold of sidewalks or doors 6 2.90
At FAFL R} Ao vlE] 2L A2 Heogw = Released strength of legs 79 3817
2o © me o] 7l E ?l":]'(Klm 2019b). w3 Slippery floor 59 28.50
w o rol %1.0.=] o] ok= i o = Reasons of Wrenched legs 36 17.39
HZ] 250l Aol H&ate] 2] FfR|aL, o]= I F- experienced
£ 2ol $7o] o = fusE Ao nydy A falls  Steep sloe 200 9%
o ° R L o Threshold of sidewalks or doors 4 1.93
(Kang, 2019). 77 th&o 2 F& H4E T4 Yoz wt
B Gelol} ATLA(1739%), WHEA] Fe o)4H4l Other P 4P

b F4(10.63%)°12h= SHol Wskth wehx] LdLelN
HHEAQl B e ERo] B Bod side] 293 A
o= Holth WHd g FHeRE AHE =S W 5
o] WS HE(27.05%)2 A Ze] MP(27.05%), T

< FRIe oEeo] BASAY TE 5 Al vREeo] =
AL 247t 15.94%= ekttt 4 st 71 =
3 HogE vy AFS el WeE)7)(35.75%), Aol A
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AR 227](28.98%) 0] A UERSTE miebx #E HYe
AN E FES THE= ofEigel 91, o “3%}011
HdsA A 2 7 A= HRRIS do] ashlrt. <
TOEAR] tiRe] $Fo R tixl Ad o] UTh(71.50%)3L
gatolon, SleRe Wit 35832 Wl 1833t e
°lvi~ tile] 3lo] EeiM s AEATE SH°l 38.17%
Z 7P 2okt Kim(2019a)9] Aol wEm o] Fd
Fel T8 A F o), Wk sK] 2Ye] At 3 B
o] ofEg o= Qs o] WAE] Arial sttt w
a_/q EEEHE Esl. Eag Lﬂ e L]—)\]- H]—;(]oﬂ_g:_ _1,:_%
o] @ Aoz 7thE).

>

o[o

4.13. RARZE 93 FZ B AF Ug 715 2 o
2R Ma= FAL

HPRZE g 758 Bad] AF g 715 2 vl
ASEE Yol A, Hi’c‘s}h 71502 7F AEA BA
Ao e IR - 58 oFe R VERITH Table
4). 7% Azxe} FHsl], BT )% F 2EAE disle 7]
S(M=535 SD=132)°] 7 = Yelde=d, ol d%0]
s 25 9 FEst %}z%(cmn et al, 2018; Chung,
2008), & 2 HEE 17 471 el Ao AlsE.
el H2 He FoM AEs 2xx 8503 A3 It

F5ie FAZ 2HE 9 6%— AFol Hale] B AR
Btk Wb 55 T Z24S AXFeEN FEE o
ShaL 163011 E&ol He 7%l %LQE} =% g3t 7l =

oM 2 5% 93k mM=523, SD=1.27y7} 7P Az
o|&]3k %.6_‘0_ AR olugr Agde 7B §ael=
o2 UEIITHCDC, 2018b). $FaFolx= Ak A
£ FHof| Aol PR g= A=W =523, SD=1.38) }7}
AsE et AUzl 71k &5 s F44<
4 9lom(Lee et al, 2015a), BN EES Wajal
Al A=ro] dA| At ol #A1E A 5 9
o EQke ek AAZE 87==d], Kim and Hong(2012)—8—
-2 299 oJHgto] 0.54-2.61 kPa HSI7F FH2 Gl &
St} 31999, Lee et al.(20152)2] AFolME AFsh= F
29| &R0 1.65kPa, 252 0.96kPaZ F-E52 HH3HA
AAHEH Al T2 7Rl SIS FA S ¢ T
AARTE ETEHC] 8% oY FE IAE AMEg PFT
(Plain+Float+Tuck) 22 2.00-2.67 kPa, Z&]-¢-allgko] 15%
o4} $Hr¥E PT(PlaintTuck) &%<& 1.07-2.00 kPa &E3-S
718 4= 9lom, 738t oralo] W sl AlA) Rejols HAHES
o]F R SihAY ZEe-eee] S-S = EY HE 4
S 4 Jti(Sang, 2014). WA IO E QIS HE Fo
=g HAasela Be 9 943} 7% S 3l Lee et al.
(20152)2] A7 AAE Wigsh g3t HYPR I} rhesl=Ss I
5 Hyo] & 75 FY| /I Tt & 79 olE
A= FHE 4 FES delske AANEE A8E 7 A
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Table 4. Important features and design preferences
Category Sub- Feature M SD
category
Prevents fractures 535 132
Protects the joints 529 1.14
Protection . .
Protects against abrasions and 500 137
scratches
Reduces muscle injuries 519 136
Relieves pain 523 127
Relieve Reduces edema 521 135
Function Relieves muscle tremors 5.08 1.30
Do not leave marks 523 138
Minimizes disturbance of blood 520 139
flow
Pressure Not stuffy due to pressure 520 131
Pressure-regulated product 5.06 1.36
Left and right separation 5.00 1.38
Used regardless of time or place 4.99 1.36
Modern 5.08 1.38
Casual 5.01 141
Minimal 5.00 148
Style
Unisex 495 141
Sporty 4.85 1.52
Retro 483 1.54
Achromatic colors such as white, 490 149
black and gray
Wide choice of colors 4.86 1.50
Mixed colors with multiple 484 163
colors
Color Pri | N d
rimary colors such as red, o, | o
yellow, blue
Skin colors 4.82 1.60
Pastel. colors such as light pink 472 163
Design and light blue
Solid color 501 145
Dot 475 1.71
Check 470 1.57
Pattern
Stripe 4.67 1.65
Flower 4.63 1.66
Geometric 4.62 1.62
Seamless 501 135
Sewing 5 ylflat stitch 483 148
method
Whole garment 479 152
Material that holds the muscles
around the knee firmly because 5.28 1.26
of good elasticity
Fabric .
Materials that are comfortable 526 131
to wear
Materials with good resilience 5.21 1.33
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Table 4. Continued.

Table 4. Continued.

Sub- Sub-
F M D
Category category Feature M SD Category category eature S
Materials that do not sweat and 518 130 Removable all parts except frame 5.13  1.34
have good breathability ’ ’ Easy to repair 513 142
Materials that d 11 Fase of
aterials that do not get we Easy to d 512 130
] care y to dry . .
Fabric  ontaminated >16 131
Anti-bacterial, deodorizing material 5.11 141 Easy to wash 310140
Soft materials 5.09 137 Simple operation sequence 521 142
Design with an open front of 505 135 Fase of use Easy-to-use designs 515 147
the knee Ready to use without having to 511 136
Increases impact resistance with 496 137 read the manual '
a thick pad ' ’ Weight enough to carry 515 134
Detail Supllglons tl;e m0\1/em'ent of the o5 | Requirement Portability Right length/size to carry 5.1 130
Pate a with a plastic support 4.95 1.37 Thick enough to carry 498 131
inserted :
Product that is durable 531 132
Supports the movement of the 490 132 )
patella with a pad inserted . . Quality Good quality product 527 135
Less than 0.04 in thick 5.02 1.49 Robust combines of a adjusting 506 131
. o and protector
Thickness Less than 0.04-0.2 in thick 495 1.42
o Less than $50 499 145
Over 0.2 in thick 487 148
Loss than 1-50 290 148 $50-$100 486 1.52
; ess than 1-50 grams . . Pri
Design _ " §100-5200 476 168
Weight Over 200 grams 481 1.62 competency
Over $300 443 1.84
50-200 grams 477 145
- $200-$300 439 1.76
Over 10in 491 153
Length Less than 6in 477 1.60
Less than 6 - 10in 473 160 CiARQIs dsted, 7P AEshe Z2EIS ER(M=5.08,
Hooks and loops tape 5.03 137 SD = 1.38)3 Z~EH oI , AEE ARG %*ﬂ A4, 3
Zipper 489 1.56 A5 A "”“(M 490, SD=149)7 FH7} gl 7o)
Fastener Snap-button 486 1.42 7Pg A2 EATHM=5.01, SD=145). A W2 54
All-in-one 485 150 2/(M=5.01, SD=1.35), S=HZ(M=4.83, SD=148) T =
Buckle 471 159 A5 =A==, Lee et al.(2015a)°] WEH HA|Xo] gles A
Style to wear in clothes 5.00 143 Ak Aol &2 A Bt #eghe: & 4 vk dvh As
Wearing Style to wear out clothes 488 1.46 she aAlzE AEAe] Fot FE FH I5S gkl ot
method  Giyle that can be worn inside 493 140 FE SA7HM=528, SD=1.26) 7P =9k} dRbHo= 7
and outside the clothes ’ ’ 2 B3gd o]&EHE AAE A=A 538 AT FE o)
Small/size that is tight 472 1.60 2, B4 B A 2] B8RS fAFEE gozH
Size  Perfect fit/right size 5.16 129 ZSAR], 5= 243 5 okt 715AE FESIERE A A
Loose/large size 489 1.51 A Al AlEAo] 298 AEEojof & Ao=w AlEHCTE T
Walking 526 1.33 HYe 72 kRl 7Eoe] = YRRI(M=5.05, SD=
Comfort Sanding 522 1.33 135), ¥A¢ =R 24XEE /A F= AZW=
Sitting 5.09 133 496, SD=1.37), T2 AAU7} A=) o] &2
Does not cause any inconvenience 594 131 Y-S AAF F= AEZ(M=4.95, SD=1.37), 2=FA =
due to a variety of movements ’ 1o] 9lo] == o o]0 g =i _
Requirement Mobility C ient fi . 515 130 7h ArgEe] =hEel FHds AR F= AFM=
onvenient Ior moving . . 4 90 SD =1. 32) = E ]/]_ﬂ_l/]_q‘ ‘—/]_L“:_— _g_a_ia Z]Z]EHQ}
Helps movements 515 133 Z::‘_-"?X] v‘I—HE %% }]‘:]L(QO_T’_ 9}]\ Z‘“%‘v/] 7(_;"5’,_ o= _;,]—7(4‘/] Z]
Faseofdon ) 0 O S22 18 e} wapele Aol ARe] 544 Qs FA
and doff LAY 10 wear S16 138 mek ke w2 2 FuE A%s] B A4S e A4
Easy to wear and take off 510 1.37

o] olxth(Lee et al, 2015b). W2 Fk2E A0
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A ETt A Eo] Sl ATl digh A5 wrt 9l vet
W Ao HATE FA= 0.1 cm PR §F2 AF(M=5.02,
SD =149y A53Ia, T 1-50 g PIvre] 7HH-8 AF M
=492, SD=148), 4o|E 25cm °1de] 71 AF(M=491, SD=
1.53y% Assilet. A S 71ee) fFojebr] A3 Al
o] Bask Aow HolH AFwE vigsie] Hojrt 71 T
ARle] Hosh AR welth, W3l Fuia} ddste] FA 7}
Vg T2 AAREH, 2S5 J)Ee] #8 Pak and
Lee(2014)°] A7-elX = 28 A EAE SR FAZQ26%)°] 7}
& = el A ARk flsl Suie] i 29 =
FlolHelM F-5 RIUE 71 =R HAste] ddwTt =
< FUe] 1l BAE A 75 BoTie] FAE A A
3}, ®Sl= 87.5%7F 100 g ©)Feln e, 56 gol 7P 7h&-
FAZ JebRdth“Shinsei”, n. d). ©]o 50g mgke] FA=
AZL N AL ] A AoA A AFo A AAH
2= & JE AR AlRd A oRE R Lo
23l 2B (M=5.00, SD=143)2 7F¢ AZsl= o=
vERton, ol i HIAIFS] A9 % bl 2FE 5 3
ofof shH GAZE Fgo] 7Fs AlFS ok Stk AR
7 Aok dAIFTHKang & Jung, 2016). Aol 9lof
Ae T ge AA]ER(M=5.16, SD=129)% 7P A &3hk=
Ao vepton, of Py W go|xrt 7P A5y
ATHM=5.03, SD=137). Wt AFe BEAE Alssiar
T 22AE AXNT F dEsE 9IS =Y F e S
Atolze] il gl |AR Ho]Z T o]§3le] Afo]= Fdo]
7Fsdt 7lso] a7t

AFe] FZAAK T 7 Bdste], B3 A B
=526, SD=1.33)2 7P Azsl%ie, 1 A1 # ﬂol S
=5 o] S EHuEs H
ok 2 goldat Adslo], ksl %Q%MLE %35@01 S

AFM=524, SD=131)°] 7P AzHAT. o|S el
AR Q13 A&l WA f=F 2
So] {82 4 Adth(Lee et al, 2015a). 2 Lol F
3

e Q7] A& AFWM=522, SD=1.28), A& &l &

fo mlo

rL

rlr

Of

ofrl

Table 5. Difference between genders in features and design preferences

olMe 22 A7 2 AlE (M =521, SD=142)°] 7P
A YETE weba 2919 Jee] ASE AR A= g
WA= golx oyl 55 &8st fGA 2] TFssEME
2gto] Hzjgk AlF NEo] 7Fssizict. o= Bsie 4
o} Afe]| =, FA Kk FAZE 7 AE 7P A58
(M=5.15, SD=134). W2tx 7PiA vl=s Aol g HT)
F43 Hatd dtAol 7P F8skA AEEAnt (M=5.31,
SD=1.32). olo]] AA|ZF Zhe 28 T AEF Zol T Ul tAo] 2=

< AlF o] et 7H ZHAE ) J-bsto, AF T
ul Al &S e 7] ol disike SRR mIRk (M=
499, SD=145)] 7 =4 UETE Park and Lee(2014)
o] A+ 7—'?Jr°ﬂ* T 2 ES AR s AES F A=
71A¢] e s wiRto] P Wkow, o= AF Z#%f‘
B ZAllA 7} E2 HES 2EAg sekdollA] 109k wwh
o] gz HlWaPH HHoR o e /A4S A B AlF
< FoEt ASS ¢+ Aok

3% 2 ANOVA &4 éJr Aol w2 HFwd sk
zte|7F gl o, Aol Frengt HEw zfpol7} uh
ok @2 oAde) wiE| =d oﬂ‘%}(p < 01, AHE Boldp <
05), £ o= UL F Ue ZERI(p<.05)E ©l Azstart
(Table 5). &Jdo] WAl vis) FAdE 9 253 IL= &
2> B]&o] EOo1} (CDC, 2018b; Choi et al, 2018; Kim, 2019b;
Kim & Kim, 2013; Lee et al, 2019b), =2 FFAIZ QI3+
FE Oig dF SR F4e 9¥8E7F EOH(Kang,
2019), & & 22 T2 4 osl 2HE= A
7} BoHKCDC, 2016b) & 7]50l Wk AT} =2 Ao
2 AEHET B8 & des AREs] 43, v 5 %
rom g3  AUe ZEEAN FEE dWshe 7158s
Zke A|E o] g7 Eh Wbl oA e B2 Ko 24
S ot & F e AFA AE =;
(p <.05). 2 FAC vl ZHEE EHEC| U 2=

EE32(CDC, 2018a; Choi et al., 2018; Kim, 2019b; Kim

& Kim, 2013; Lee et al., 2019b), ‘FAdE Alo|ZRE 7]Fo =2
AZHE AFS ARSI o3d9] QAo AR e T+

Category Sub-category Group Sub-group M SD t-value
Male 5.43 1.19 -
Protection Prevents fractures Gender 1.157
Female 5.17 1.57
; Male 5.25 1.18 R
Fabric Stretchy material that hold‘s the muscles Gender _ 402
around the knee firmly Female 533 1.45
. . Male 5.03 1.34 .
Wearing method Style to wear in clothes Gender 460
Female 4.92 1.62
. . Male 522 1.21 .
Mobility Convenient for moving Gender 1.112
Female 4.98 1.49

1: Not agree at all, 4: Neutral, 7: Strongly agree
*:p<.05, **:p<.01
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Z9} Afol2E QIE| g Al HE Y
S3le A= UeRth s, o g2 el vis] tiErT2
sATHE] Sl AHA] 9 59 Alel
Z 7¥7b FedAA VEREE (Lee et al, 2019b) TR
Al|ZE AT F e AF o] S webA o] &
UEE JHS e AAVE a7EY, Al

A2~ A ARE B2 Alelz o) 7hsd At

o] 237 (Kim, 2019b),

X,
o
Ir
[
el
i

o] FLXFY8)81%] A22H A3E, 20204

—ITT L H T

Table 6. Design guidelines and design details

AR &e A BA

0]
AT

ol zpo7}

o]
AT

o] Apgsof

4.2. C|Xtol J10[ER2lQ1 X C|XjQl JHut

B Ave] AEE 2L A % AR A7 w
&g 99 BEE 93 /)5 Bare] YAkl
o1& Table 63 7t} 715 2 Ul Az w=s}l #sie] Ad
Ao veide) mat, Big AE tA
A(Fig. 1)°F 9148 A&

Slo] A
7tol =2}

1 Tzl B(Fig 2)& F-23fe] 7

ST Bl AS) A3 ZaE o) A% 2l g 2

YAglo g B8 Aol

o LA

Category Design guidelines Design A Design B
It was designed to contr(')l joints and Taping around the knees effectively
. . prevent fractures by opening the front . . .
Prevent fractures, relieve pain, and X reinforces muscles, alleviates pain, and
. . . . part of the knee. It effectively prevents . . .
Function applying pressure without leaving fractures and injuries caused by low  nereases the range of joint motion(Born
marks on the skin y R X oy et al., 2014; Kim et al., 2018; Moon &
pressure on the anterior cruciate ligament Kim, 2015: “Nakayamashiki”, n. d.)
(Lee, 2017; Lee et al., 2015a) ’ ’ Y P
Demgne.d W.lth 2 harmomqus m.Odem Designed with modern styles, taping
style with simple blue design without . .
Style Modern style . . lines and a cold achromatic color(Park
decorations or achromatic colors(Park
& Lee, 2014) & Lee, 2014)
Color People preferred achromatic colors with The products were made with achromatic colors(Park & Lee, 2014).
a modern style.
Pattern Solid patterns - were preferred most, The products used solid-pattern fabrics(Park & Lee, 2014).

followed by the dot pattern.

Sewing method

The seamless design was most
preferred, followed by the Odrell-flat
stitch sewing method designed to prevent
interference caused by seams during
operation.

Applied Odrell-flat stitches(“Zamst”, n.
d)

Applied a seamless design(Lee et al.,
2015a; Sang, 2014)

People preferred materials that tightly

Made of spandex and breathable mesh

Made of spandex and anterior knee the
popliteal region is thinner than other

Fabric ](:g:folg;lggeivheillrgu::glk];:ees and are on the popliteal region(“Zamst”, n. d.) parts for ease of bending knees
& (“Nakayamashi-ki”, n. d.)
par of the knce. open. In womers  Desined an open front for the 0S4 aping I elow the knee
Detail p pen. . en pen front for e . oint(Born et al., 2014; Kim et al., 2018;
products, the knee’s lower part is taped  knee(Lee, 2017) Moon & Kim ’ 201 5)’ ’ ?
to support joints and muscles. ’
Consumers preferred products less than . .
Thickness 0.1 om thick so people could wear them Made the thickness less than 0.3cm  Made the thickness less than 0.1 cm
u;1 der clothes (“Rehband”, n. d.) (“Nakayamashi-ki”, n. d.)
Weight gr(())r(ljsuucﬂé(:lr:ss f;:rt;er;gdg) light  weight Made the products lightweight e.g., less than 50 g(“Shinsei”, n. d.)
Length tch(;gsg?:i preferred  products longer The length is 25 cm(“Aolikes”, n. d.)  The length is 30 cm(*Mcdavid”, n. d.)
Hooks and loops are preferred because . An all-in-one stretchy type without
Fastener they easily tighten and conveniently Hook and “loop ~types applied s fastening was applied(‘“Nakayamashi-

attach and detach.

fasteners(Koo, 2016; Moon, 2006)

ki, n. d.)

Wearing method

Consumers preferred a style to wear
under clothes.

The size and pressure can be adjusted
with hooks and loops after inserting
legs(“Zamst”, n. d.)

As a removable sleeve, it can be worn
inside clothes(Kang & Jung, 2016)

Size

People preferred the products that fit
just right. It is recommended to design a
fit that leaves no marks after wearing it
a long time and increases pressure on
the knee’s upper-part to prevent
drooping.

Fits with the right size and
no marks after wearing it for many
hours(Sang, 2014)

Increased pressure on the upper knee
prevents taking it off, and diverse sizes
were prepared(Kang & Jung, 2016)
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Design with an Simple operation Odrell-flat stitch
open front of the ~ with hooks and loops

e tape fastening Adjust the size and

d pressure with with
hooks and loops type

tape after inserting legs
25cm
Solid patterns &
Achromatic colors
Use of breathable mesh

material on popliteal Lightweight product
region on knee less than 50g that can

be carried anywhere

Fig. 1. Design A for men.

Increase pressure on

the upper knee to
prevent take off and
diversify in size

| / The lower part of
i the knee is taped to
| : support joints and

The products that fits in
the right size and leaves
no marks even after long

The product is less than

hours of wearing 0.3cm thick making it for

easier wear under clothes
There is no right £ and so does not interfere
and left division [ = one’s fashion

Anterior knee and the
popliteal region are thinner
than other parts making
them for easy knee bending

Seamless sewing method is
designed to prevent
interference caused by the
seams during operation.

) Size diversification
’d/ \) muscles. :
with long sleeves
There is no right The product is less than

and left division

0.1cm thick making
individual to wear our product
for longer period of time

Modern style with Lightweight product less
achromatic dot than 50g that can be carried
pattern

Fig. 2. Design B for women.

< U F A=F AT ST (Lee, 2017; Lee et al,
20152), AAS ZES 3l o7 e 5710l =2 v
3 2AZ ARESIATHZamst”, n. d.). WARE Ho|ZZ Rp}
T2 288 ¢ JEE 3M2m (Koo, 2016; Moon, 2006),
AAZE AR A Al=e] WA BEE Q=g A9 u
ghe AArjelze] tzele Akl tk(Sang, 2014; “Zamst”, n.
d). 03 cm w¥e] FASk“Rehband”, n. d.) 50g P2 F
Al(“Shinsei”, n. d.), Z°] 25cm(“Aolikes”, n. d.)2] 8k 7}
He AFoz Furt gle FAA Ao B2zl wiaa
o] Bt 2t E TRRISIICH(Park & Lee, 2014).

Yzl BO| A, Z5EG 2 FE 5 A7) 9
3 HolE WS Hgsy, YFE 0F e v HER

o ek 2w F5 Y] HapA AASITHBom et al,

anywhere

2014; Kim et al, 2018; Moon & Kim, 2015; “Nakayamashiki”,
n. d.). 0.1cm V9] FAI2H(“Nakayamashiki”, n. d.) 50g v
wke] FA|(“Shinsei”, n. d.), Z2°] 30 cm(“Mcdavid”, n. d.)¢] $F
3 7S 71 8204 FEHE 2go] Hti(Kang & Jung, 2016).
AP 2E Hgsl] BAMCE A3 ALY SR BeE
3190 (Lee et al, 2015a; Sang, 2014), XG5S Al&3s}alo]
ket Ate]2E ARbsItH(Kang & Jung, 2016).

4.3. 2X} ME=A} A3}

gzl FrkE 913 231 AERANE & 19870] Folst
nom, 1 5 B3 S oS A3t 18978 (95.45%)
o & AFHE BN AE SEAE B4 (69.84%)2
94 (30.16%)C.2A, Yole 13} AEZAN} vk 20th

—
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(37.04%)2k 30tH(17.46%)7} 7F Ekth(M=24.23, SD =19.00, % 2017 20-30t) A= oF 183 Wow 2013d9] oF 17
R=21-71)(Table 7). AR EFHNARI 7} w2H F& At v HHT 54% S7KeH, 200 F& I A= oF 67t

Moz 20139 oF sy WU} 148% FEste] 8ot o]
(43.2%), 60tH(23.1%)°l ©]o] 3HAZ BYTH“Cold wind”,
Category Sub-category No. %  Rank 2019). Wb 2009} 30HES o B2 BE] Ao F

Table 7. Demographic backgrounds of participants

Gender Male 12 o8 2 28L& Aoz ARHh 71E 160-165 cm(48.15%)7+
Female 7 0l 2 7h Esrom, BRAE 5060 ke(46.03%)0] WIET} EHA %

20s 70 3704 2
308 B 1746 3 Average heigh(2016a2)2] FAlol WZ™, 204 o]/ vl= A<
405 s 265 s el Hd 715 176 cm, BFAIE 90kgl 2 ZARESOH,
Age 505 6 317 4 AL 7] 162cem, &FA 78kgZ AU 53| vl=r9]
60s 73386 1 R0 ] AS- 60% oldo] AT E ZARE A TH(Average

705 ) 1.06 6 heigh, 2016b).

Less than 160 41 2169 2 ek TRRel A9F Bl idh vEE Hrt Ay 25 sy
More than 160 — less than 165 91  48.15 1 ofFer wEshe Jlo® YERTH(Table 8). HAR] A9 74
'i‘c’iﬁ;“ More than 165 — less than 170 28 1481 3 S, 7P MEES} B HRE RAM=557, SD= 103212
More than 170 — less than 175 21 1111 4 w2 g0 2 All=(M=5.61, SD=1.12), F7((M=5.51,
More than 175 8 423 5 SD=1.17), 371’3 U= vl A (M =548, SD=1.01), 2
Less than 50 36 1905 2 (M=544, SD=1.07) 59 oIt YA A9 HS-, 23
) More than 50 — less than 60 87 46.03 1 o] A=A Aol 50g vIeke] FAI9 0.3 cm TR A
“(’li‘gg)ht More than 60 — less than 70 33 1746 3 2 gxele Aeksd. $A9le] A4ET Folsly] Ags
More than 70 — less than 80 28 1481 4 2AY AFEo 2 YARISKIT, £ & 2Hgo] 153 gk T

More than 80 5 2.65 5

AE ALst] HEErt 2o HES 2] @ Aew /‘}E%\:‘r.

Table 8. Satisfactions on designs A and B

Design A Design B
Category
M SD Rank M SD Rank
Fabric: Made of spandex 5.28 1.04 9 5.18 1.11 9
Fabric: Breathable mesh material on popliteal region on knee 5.48 1.01 4 -
Fabric: Anterior knee and the popliteal region are thinner than other parts
making them for easy knee bending ) 543 1.05 8
Detail: Design with an open front of the knee 5.54 1.08 2 -
Detail: Taping line below the knee joint - 5.55 1.06 1
Thickness: Less than 0.3 cm 5.51 1.17 3 -
Thickness: Less than 0.1 cm - 5.45 1.14 5
Weight: Lightweight product less than 50 g 5.57 1.03 1 -
Length: 25 cm 5.33 1.16 8 -
Length: 30 cm - 5.46 1.06 4
Wearing method: Easy to wear and take off - 5.44 1.10 6
Fastener: Hooks and loops tape fastening 5.39 1.11 6 -
Fastener: All-in-one type product without fastening - 5.50 1.20 2
Color: Achromatic colors 5.44 1.07 5 5.43 1.11
Pattern: Solid patterns 5.51 1.07 3 5.43 1.24 8
Sewing method: Orderll-flat stitches 5.37 1.18 7 -
Sewing method: Seamless - 5.49 1.08 3
Size: Fits in the right size 5.54 1.05 2 -
Size: No marks after long hours of wearing 5.54 1.12 2 -
Size: Increase pressure on the upper knee to prevent take off - 5.55 0.95 1

Size: diverse size - 5.47 1.02 7
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) = 3
Etoll ofs) 7Fsrde] Wl (=g tARISIATE 2% Al
ARl A A B= 0] HjEo] YES] o] FoX|R] o} H
I 553 2SIl AL W] Ydl(Lee et al,
2015¢), ©S wWE2A 7 2 A=A

A

R EOE T BN EREE R

HQIth= Park and Lee(2014)2] A+ Aol x|}, o]9}
72 Asg wrgste] FH7t §le TN Aol EdE e
HjAA 2 AFAete] RS ZER R TiRRIEl] REET}E EA
LFERSTE.

A2l Be| 79 Hlol3 tHIY W =555, SD=1.06)l Tt
=TT 7P %o, 2 WH(M=5.50, SD =1.20), 7%
A(M=549, SD=1.08), Zol(M=5.46, SD=1.06), FA (M=
545, SD=1.14) 59 0|, Hols W& Frkepd &5
7 Bom et al, 2014) 2 & 55 A7 BETLE
HIAE Z7M7IE SAEA @37 UtkKim et al, 2018;
Moon & Kim, 2015). B3}, 71% 2 TRl As%E 2AF 4
I Bl 9% AF B 22 SA7F 28
Uelsttt, o) Wgste] F& 3 5
AQoRz tRRlst Fdo] golat=R st BA| W
AF BANCE QS T2 A BHES Baksl] fJ8) AlEls
1431 B2 A BAKeR Qg A&

_(

E 4 st A el Sl
= A7k 43 gk AF AseE vkdEke] 30 eme] 7
<82 FeE URRIEIL, 50 g vk FA9E 0.1 cm BN
o] Al RS Ao vehget, F5 FeE TR |
OHME 7PHI gk FAIL AES RO sde] 2L
Yzl A8t BE 7uld o & FQ AR Table 99}

2 YAl A9 A, 7P Il Fe AR 8ol
(M=561, SD=1.12)22 FAlEJon, 7 ggoze 3
(M=557, SD=1.06)7 Z-&W2(M=5.57, SD=1.09) 52|
oAk Holdk FA ARgo] golabn ARgwtalo] Tk
AFS ke 2AE] U=t S U AFS st
ol o F8 A8 slEe] = ok wE 227 A7t
ek AlE3 F2 Fo| JKE AFE o] o]Fojx o} S
AT Ut ol RkIsle] TRl ALl 7 7HASHA
F2to] 7hee WAR go|x oJyjog Ago] folaln X
F A7) sl WHold Aot 8 Floz o Hnh
tziel Bol ¢ M =5.59, SD=1.06y2 7F4 2#st

e

Lot

ny

Table 9. Important aspects that consider when purchase

Design A Design B

Catego
gory M SD Rank M SD Rank

Protection function 526 1.11 15 530 1.17 14
Relaxation function 538 1.13 12 546 1.14 11

Pressure 529 124 14 559 1.06 1
Comfort 537 1.09 13 551 1.12 6
Fabric 539 120 11 541 111 12
Ease of operation 551 1.05 5 554 1.10 4
Ease of removal 544 1.17 7 550 1.16 7
Ease of care 553 1.19 4 552 1.15 5
Ease of use 561 1.12 1 550 1.12 7
Quality 5.57 1.06 2 548 1.07 9
Price 5.56  1.09 3 524 136 15
Style 538 1.17 12 530 128 14
Detail 542 122 9 533 111 13
Portability 543 121 8 548 1.13 9
Thickness 540 129 10 554 1.09
Weight 537 1.19 13 554 1.10
Length 537 119 13 547 120 10
Way to adjust 548 1.10 6 556 1.07 2
Color/pattern 556 1.21 3 549 117 8
Way to wear 5.57 1.09 2 555 115 3

3 B (M =5.56, SD = 1.07), 284
2(M=5.55, SD=1.15) 52 &olUT} Lee et al(20152)2]
Aol mEH, fEpte] e AF 5o Ve AR «F
g 2 el stEHe %
5 Tl Y gL v ¢ don uiyg Fole] 7
. S Lee

o
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ok Lee et al(20152)°] 97l w=r, HohS 2
| AR dojn, TH7HsA SRolA 2ueh
gwrt v etk webA ek &1l 3
2 Fgo] =5 tAlssin.

oAl Ast BOl Wit ol 51 ARS/AHE e 2
B g 54 o3 e AoE ol ARtEe] TRl A%
Be] i, AM/AHE-S fshs o2 ALEHTH(Table 10). 7
of ojmel Al 77% ol SHATE NI TARIE 7
wislal Alojshs Zlo= WERATHTIARL Ar 77.78%, HIAR]
B: 79.89%). AME- B! 2& oo} FHsle], 78% ool 3
AZE AR RSl Alojshe Ao® HERTHEAR] A:
78.31%, HIAR] B: 80.95%). SHAE] oF 82% ol JHkdt

sy
ol

RO
X0,

O

ol o
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Table 10. Intentions and willingness to pay

Category Sub-category M SD Rank
I want to purchase Design A. 5.16 1.23 2
Purchase intention )
I want to purchase Design B. 5.34 1.30 1
. . I want to use/wear Design A. 5.41 1.17 2
Use/wear intention
I want to use/wear Design B. 5.43 1.25 1
L . Design A will help me to walk better. 5.38 1.20 2
Gait-assistance expectation . )
Design B will help me to walk better. 5.43 1.25 1
) ) Design A will relieve the pain on knees. 5.47 1.16 1
Pain relieve expectation . ) . .
Design B will relieve the pain on knees. 5.44 1.18 2

1o AlFo]l Bago] gl d oz Zvietlor (HAt gk o=7F e Zo= YERITH(Table 11). B/do] ool ¥
9l A: 82.54%, TIAR] B: 82.01%), 78% oS F-20 B2 & Tl A9 AT el @& ey, g3 TRl

< A F A2Z ZUBIATHEAR] A: 83.07%, TIAKI Be| 23hd s A, Az wEl
B: 78.84%). Wt B Tjalole] ol B ARG omst Ape]  thkek Alel=
gk 7igjgte] =2 A2 AlRHL). = gziel

=, DE o]/] ogu]. 7]-§]r =i
ol gg BEEs} B Row vehgrh /)

HEw 24} A%E Wgste] Ul ASHB R

HestSh ANOVA ¥4 s}, ol whe} tAR1o) ojg vt % A54e] & el dule] Ao 1ma A BHge)
Z2(.000<p<.05), 7l A] 2 FHARH.01<p<.05), Tl QL Flgon, REE T2 AAE AML3le] o]l 9
% AFS/AE R (<D, el Y3ke AHATE=0nl B 3 7FEgel el ug dAsel uEEst B Row
Table 11. Results of #tests and ANOVA

Category Sub-category Group M SD t-value p-value
Men 542 0.92 .
Fabric: made of spandex Gender 2.487 .048

Satisfaction: Women 4.96 1.22

Design A Men 5.52 1.03 -

Easy to remove Gender 1.322 .000
Women 5.25 1.43
Men 5.36 0.96 N
Fabric: made of spandex Gender 3.129 .017
Women 4.75 1.31
Men 5.61 1.07 .
Color: achromatic colors Gender 1.622 .024
Women 5.26 1.40
. Men 545 1.19 N
Pattern: solid patterns Gender 0.386 014
Satisfaction: Women 5.39 0.90
Design B Men 5.53 1.00 .
Sewing method: seamless Gender 0.683 .040
Women 5.40 1.24
. Men 5.46 1.01 o
Size: increase pressure on the upper Gender 2689 003
knee to prevent take off Women 491 139
Men 5.48 1.01 o
Size: diverse size Gender 0.276 .002
Women 542 1.39
Men 5.40 1.04 "
I want to purchase Design A. Gender 3.548 .003
Women 4.63 1.47
Purch d use/ ) Men 5.53 1.01 .
drenase an .use I want to use/wear Design A. Gender 1.939 .007
wear Intention Women 5.12 1.44
i i i i Men 5.54 0.99 "
Design A will relieve the pain on Gender 112 007
knees. Women 5.30 1.48
) ) Men 4.67 2.40 x
Price Design B Gender —3.55 .003
Women 5.84 1.92

£:p< 05, **:p< 01, ***:p< 001, A<B<C<D<E
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Category Sub-category M SD F-value
Less than 50 2114 2.00
More than 50-less than 60 357 0.84

Design A Weight More than 60-less than 70 5.52¢ 0.51 27.15"
More than 70-less than 80 7.25P 0.75
Price More than 80 8.6° 0.55
Less than 50 1.86" 148
More than 50-less than 60 4.60° 123

Design B Weight More than 60-less than 70 6.48° 0.51 28.04™"
More than 70-less than 80 7.89° 0.79
More than 80 9.60" 0.55

**%p=<.001, A<B<C<D<E

Bt U1 ASl A5 TRl HEEE wedstel 1M
Yol 7Fse WA Hlolx ojylow TS, T
Bl A S5 shedl G FA4E 480 2 20
= ge 39w
wslol e A 3
G sisiom, Alol=e] 4 el Age] B g A
ol29] AE MU F W PAol= AFL
= Ak,

9ol eliol vlsh SO ARE A A Tl
Ak, A/AEE1E B Uaks 20E Uekthp=.01).
AL D AEE 24} A3 G ool ws) 2 ey,

AR Bold, X ke S F Sle SERIS At o
ARl A2 73% FE RS sl BE WES Alojsia
TEE I F A=S AT ol#d A WY A
AR ZFeliAlE gt ot s 2 o 2 Y
WAl 247F ATk(Lee, 2017). HAR] B2 7d-¢-oll= F2v]
gk Aol7h filet. ey 7149 A oo m T
ARl Bell thate] o] EAdel vl w2 M-S A8
& PAPE 9ee Bl ol el Blsl o4de] f18asl
< o 7HAAL Qo] kel Bl Foksly] wiiel] 23y
ot el Age =) HAsl @l mlsl w2 e

AEstaAets g APt e Zo® Hllth

7HHe] 73 57 Bol vaS tARkl Ak B o
i o =2 7HAE = A e Ao E UEETHp<
.001)(Table 12). JATE F5 FHEA DA 7= 9%
291 F¢] shtolth(Kang, 2019). ol F=siA 7l
AFiehe #d 1919 $55 TR 255 AFAZ
3ok oh2k(Kim & Jeon, 2011), B3] sjelzl £2¢1S W
FAIA Bl Al ofUR] G84S Hojem]= Ale] ErhKim

Cho, 2013). WA H5AI7F Wol WS, 755 ML
Ass AR Lerdsds FIAIE 75 B F
ol daste] o B 7S Fik A Mt e Ao

Feer

l??oﬁl'-l —Nh

01ro

>

54 B
B dTe HYExE ‘r‘]—‘ﬂ' £ B3 28 Aol Ade
49 JUE e ¥ wsel )5 B UAel AsEE
AEEASNL, AL T olee] Bt U g A
. _

NFOEA FE AT AL U JENE AT ARE FEH

A stk Fo 97 Ak ket Ak A, 2wl 7]
5 9 Ol ASEE AR A%, §3 98, B4 S0l
9 9k AAOIRR AN A ARl Al WA s A
Fol ® $YBL BTk EF TE Qo] sl 9
£ oA, Ak g, Fhs] AR e AF, 24
SAH7} 2R WA Hol ofd, TAN Agel F7) ¢

t BUE 2EUe AEshs A0 Uekith. AP e %
oz WAL el ulal 24 oY, A8 Sold, & o
= 4E & g 2He A5 i), 4o 8 1es)
SHE o F 5 = A5 2000 vl et o]
52 U Uglom Past e aPARel e ow
ehgth A, 2012 2 438 wigoR txel AsH B
g Auslgch. Ul A%l A9 SO T8 o] )
Yol glo] 25 AT FES BHY F Uws Al
FoP, 93 o] F71ge] B v 2AE gl F
Y2 YA, FAN Age) REF 2RI g
Q1 S0, WAE HolE oY O Y] Folakal Aol 3
U wE 24 5 Uk 1982 TR B AL, Hol
P UHYE 78 F99 282 AT 5 =S AR,
Hel2-g Hg3te] Bao] Folalet. 0.1 em VRS FAZ
ARE AR AN Al A eor, 71 EElH FH Aol

of

7

=g dsisigch. AR, TRl Bd BEE B} A3k A
B BT REEsL Bgom, o), Ag/AEE A5k Ao
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o} w3t Wy, T8l ARl B e A, T
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W HARl AS s, AR/AR TS T Heke A
o7 Yeisith 48402 B ApoMe HIYHZRE 93 F
& Hord st @3 oo aalele] O AS ¢ F
ANeH, FE, LT o] YRS Ajtetal H7t
sle] TiRlQlel] thet Eest A4 YRt

£ A7) AR RS HARI oulA], 7 ZHE- o]H|R| %
AE AEREe olgslo] TRl ke AAs] FA 2 £
Soll gk Fite] Vst Bodth B AT A9E BEUE &
HZ7}F ek 75 Bod] TRkl ARE PE8L, I
& 2o AA AF AL B AESl =Fe] H71E 7]
gtk a3y BEE ke el AAEgleH, Ale]
A3 A v AF o] FAA el sl 2HH R o]
ozl Zo] of)7] wEel g RIEEe} 2folo] U F U
o} weby R ApeME ZRE BRIS AlZste] ARt
A 2Hgste] Frisia, devE Jo Hrph P9 T35,
Ao wel AAste] el xfel7t e AR yeRl wet
W8 Ao R Rl TARIS AR oW, B A
TFoXME Aol ek AR zlelE bl o Tk &
H2k 5498 olgate] AlF el gk At o] Foixok &
Ao},

noN = o
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