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Sh= A5e 79 R A% Aelel Aolrk EASE 2t AES
T HEo] FolEth: 542 73 ek (Tryfos, 1985). mebA
WA B SwelM TH] Aol =e] tiby REOR AR jEe £AS

Aol dlAE 38 Baumol & Ide (1956)°] AF-ollA =4 AT
AESR L, o] oy ATE Fall AvAE aTeke AlE SAATE
TH o A ke W QA EY F AT Aus FudlTe A5l
A a sk B8 el WlE-S 88 Trim ©lY Assortment 59

Moz whdE o] gk} (Park & Kim, 1992).
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FEULFF/E JFLLE mEdD AYSn Polyad A
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Model—based method #}x 3%t} (Baraldi et al., 2013). uwzhA
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Fora Edlof| ZAlsto] HolHE #AE £ gloemz AL Y
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AP g 659 (62.5%), AEA 33¥W@BL7%), AY L
39 (2.9%), 71EF 3 (2.9%) 0.2 A5 Abell= 2004
AUANE dA o EF A d FA7A Fodt 2oz Ehyion
FARE]  + HF O GA AHFS S 713 68.3%), ¥
25% (24.0%), s 47 (3.8%), 2173 3% (2.9%), 718} 178 (1.0%) .=
ZAFE AT

ui

e
(0
M
PN

[E 11] 24 Fole] dg #x

HE () BEE (%)
204 ~ 24A 35 33.6
254 ~ 294 53 51.0
3041 ~ 344 8 7.7
354 ~ 394 8 7.7
A 104 100.0

ol L S |
36 '-'\"'"i - ;- = .;



A

28

2.

A3+ 27V 58.7%=  7}f

AT F3 29 BA B Aol

KR
T

Aol A¥E Azt
71Hro 2 A2 e o).

XO

oo
wh-

e

|

7P o R 31.7%° S$HES H

=
T

ofpy
‘mo
ZO

)

—_
fi%e)

T

B
BH
oF

ol
—

o] shebw gie},

ojp
0%

]

A58 A2 AFE AH3 AFE A4

A58 23t

no

olo

61

33

W=
= B

2.9

6.7

58.7

31.7

oE\/
o R
i

37



B

of)
_

Ao Z e

el

Ay

sk, d2 (2

W

(X

i)
=

3] AH4,

gt Zgo] AgE Aol vl
Ao vk grh(

S

A}

10% ©|

] &°]

3 o

25

] AA =2

9|

13).

v
ar

& &

=}
ZS,

& 4% v AAR

o
ARG

=}
z4

[% 13] A58 &1

Z}

A-B

AAZ
£33t n

)

2

o
o

= 87

& u]&(B)

(]

[

3k

H & (A)
62(59.6%)

h

2(1.9%)

60(57.7%)

46 (44.2%) 8(7.7%)

54(51.9%)

7(12.5%)

41(39.4%)

54(51.9%)

18(17.4%)

30(28.8%)

48(46.2%)

A

39(37.5%) 7(6.7%)

46(44.2%)

16(15.3%)

22(21.2%)

38(36.5%)

g & (22 3H7)

14(13.5%) 7(6.7%)

21(20.2%)

Jﬂ_

=0

11(10.6%) 8(7.7%)

19(18.3%)

13(12.5%)

6(5.8%)

19(18.3%)

9(8.6%)

8(7.7%)

17(16.3%)

3(2.8%)

9(8.7%)

12(11.5%)

4(3.9%)

2(1.9%)

........

38



o|

al

ool Tjgt o]

rir

Fua Bl

i

=
=

i

w79 AFY A= BFE A IdFEE P I8

B o

A=, Y= Fgo] HA @S o) ok A

&) Agto] ¥7)7] wie]t.”

WEg g w= £9 grio] F9#)

s

F&aE FHE 2ANY 235 YA HLG. E2 P

PEE P

9 zg oy O PFol Hol #9 gZo] Fody IFE
A

o] vpeyet.”

E§ 3L FE SHNNE oy EFY F]E

o 7 2AH7)7 HA Ll

GAAE A HEE FHE FEFY FLEL FE

Aok pe FHE7] wEo]il.”

guol SRt S9l wEw, WAEY A& FU 4
9

& oo, EFH9 FE BA

o
2H-go] FFAdels EFetn dA BRyuHi e AFE e

et AFeAA @b £ FAN PAe WHHEE WA=

2454 ohe o malth

mebA WFEE e Atel= AlaEE TS Asid

FollM e & F&S L3 44 BaME EEshkes Ao AddE ook
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Al 2 2 ARE A A3 daAg SAAH B2
1. A9 Holx 54
= A Fojaks 7 H%E vk 209 E= 30He] ]l v

s0Woln], ARe Bl FHE FelAe ol &9 AZAe
Azgt, A, B, EEAGE E 149 2o

=l

[¥ 14] 29 Hoix 54

tho] (A 22 38 28(4)
=4 o] (mm) 178 205 191(7)
<491 (mm) 85 97 90(3)
PAE7H Aol (mm) 48 63 53(3)
AAE7FE Dol (mm) 58 77 65(5)
TA &7k Zo] (mm) 66 80 74(4)
oFxE7He 4ol (mm) 74 88 81(4)
AR71E7Fet Aol (mm) 67 80 75(3)

2. £ A7 e w2 A 43 o]

B oATods AY AnE BAGoR BN %4 49

& WE Asgre Aolel ths EAbahgiv.
web] B Aol Foldk tgAE & A7l et ] aFow PR
H, 2% ¢ A9 A%E ANOVA 2Ae Sd wmagch AT



[¥ 15] A& #efxre] & 371 a5 54 (49 mm)

5 1 s 2 1% 3 a5 4
(n=9) (n=6) (n="7) (n=8)
Y=} 182(2) 188 (1) 194 (1) 199(3)

(
=UyH] Fd(EFHAD) 88(2) 89(3) 91(2) 92(3)

= A7 Aol A AAlL AFA AA, ZE ARA] ZpZe] A €]

Apolz A3E At Abol= AR S VIeow A2 % s &ah, 2
% 3gAE et 88 A e =ESSith weEbd ANOVA
w23 Duncan & AFFAAE Sl 2F AAlelA o] #E H S EAre 2

% 51§29 Avt 2FWE Aol F wold A HAFATHGE 16).
2o Avks 1§ 2+ Aot gl

} =
& A e =EE o9 A"

[E 16] 48 Foldel & 27] 258 48 A9 ol

1 I¥ 2 I3 w4

F
(n=9) (n=6) (n=7) (n=8)
2o = 3.38 3.25 4.17 3.88
L 0.365
A A & g2 A A A A
A Z = 4.63 4.50 3.50 3.38
= 1.097
5182} A A A A
zo & 4.00 3.75 3.17 3.63 0.360
PR I R s A A A A '
ZFA =% 2.25 2.75 3.33 2.925
o 0.885
5182} A A A A
zo = 4.25 3.50 4.50 5.13
3 e 0.196
23 §&A A A A A
ZFA] 2 = 1.75 1.50 1.50 0.75
o 0.305
3] &=} A A A A
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3. Abel= A Aty

3.1. AR ZpA oA 2] Alol= AdF &7t

HAxgk Azt BEEEED

Apol= At A7} 3 12 6.46(2.158)
AF FAE AA AAMNA Aoz AT Fue Adsid)
AL WA AL dopmr]  gd oWF Amy BHL
BeTHE 18). B Aol W= Abolx A gy A5l

1

Jolg} £uYn] o] 0.01 FFoA 93 AABAES
Bow Fx&rtegt 4ol dEo] 0.05 FFoA Fod ATAAE
CouebA AR FoztEe A A 7oA E&do], &Y,

G n FAENE dols mdeel A AT e Adww
o

2
3
o

49 ""*_E'l.-'lll.i o=



[& 18] g2 ApAlellA Afol= ek kel A4 24l

Ato]= A3 Azte]| tfdt Pearson A&EA ST
&4 o] 0.535%x*
&1 0.57 9
PAE7HL do] 0.103
AA =7 Aol 0.281
SAE7E Ho) 0.426%
oFx|&7tet o] 0.337
A 71&7 e Aol 0.384
#x p < 0.01, * p < 0.05

3.2. AR AANA e FH4 38 F3F AT

A FARELS Aol Age Apo]l= A Fpuch 2L A3
& AHE AR AR EA A AN 58 e e HA At
Hol A AAsA. 4zt B 7 An, HA SE e
2.77%, A & AL 104235 < Ao YEdu(E 19).

|

[ 19] A4 AAelA e 58 &3 73 (49 =)
A Apol = )
58 34 A% A 58 3
i (EEEA) 2.77(1.683) 6.46(2.158)  10.42(2.301)

A% FelArt 3H AN Ak g AU A g FUL
¥}

Aushicd 9% v 29 dolu] 98] olWF BT BAL
FASAT L 20). B4 Aol e Ha e 27 A5 sl
&Aool £unl FEo] 001 FEelA Fold guwAE nyov

FAETKY Qo] Fmol 005 FEAN HIF AuuAT moc
e Ha H§ A4e 498 wde A= A% gy A9

a7 A 2 Eo], U], FX]ETE dolrt S HHeE ¢
1 1 S 1]
1



Ak wE A HE g Agel wAMNE EUEl G2l 0.05
SR fO% GuwAE Ran med AY e 3Y H9
ez Eunl gxo] BRS¢ 5 %

[ 20] B4 AAlolM HAa 58

At Hd 58 e A 2

H4 3§ Aol digk | Hd & Aol Ag
Pearson 73344 Pearson A#AF
E7o] 0.54 8 0.277
+=4H] 0.54 1% 0.433+%
AR &7 et Ao 0.207 0.052
AA L7 Aol 0.235 0.187
SAE7 e Ao 0.402+ 0.241
oFx| &7kt Ao 0.350 0.164
A7) &7 e Aol 0.420% 0.125
x p < 0.01, * p <0.05
3.3.  AHA Al A e Apo]z= A 7F A3t
AF FoAsES AL AFE AR FAE A 2 K2

Rz AN A
st 3092
A oA 2 e Ax 15

A Bixslglon HAL 5355 % YEFYTHE 21).

ol 27t

Aoz Ag )

A

—
[\
folr
N,

3 (29

)

[E 21] AHA AAlel Ao Aol = Ao}
Hrgk
A ?;Sﬂl ;g—g:]( 1

A]—o]z

44 A = TH



Ald Zojzrt AFEA AA oA Alo]l= AT AFE HEEt=g)
dFe v e Jotmy] ) oz AudA BAL

Ao wzm Afo]= Ask #7lo
0.01 oA fFogt AaaAE Bow, EYnig

HAEZVE Aol &l 0.05 FelA fofst s B
e A9 FAAES AP AA 2xelM £, Eu9n], e
HAEZY Aolg  aystel ARl A Ape]=o At

Aeseinta 2 5 gk

[X 22] A4 ARAlellA] Abo]l = A3F A3te] A7 Q)

Atol= A3 Azte] thdt Pearson A#AST
&7o] 0.615%x*
&4 0.492x
PAE7HL o] 0.283
AAE7 e do] 0.463%
TA =7 dol 0.365
oFA|E7}et o] 0.377
A7 E7 e Aol 0.357
#** p < 0.01, * p <0.05
3.4.  AHA AA A T34 {4 g3t 3t
A FARES AA Al mRZEA R ARA 2R A €]

Atolz= A ARt A Ay F Ae AR AR A
AA A Eg Thse HA AR Hd ks AAsklth 42
Fe T Ay, Ha g A 2.81%, A 3§ P 9.04%
QA o= YERHTHGE 23).
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& 231 A4 AACIA 88 B3 P2 (B9 B)
Hx Aol =
9% 3¢ Ag g e W
Hat (EEEAh 2.81(1.980) 5.35(2.770) 9.04(3.256)

G o
oFx&7ket ol A7t o] BB mE 005 FEeld folw
ABIAE RAT. webd Ha HE APS 9T uet BE 54

FZo] FFS LT L z 9
AAENG Aok Fas nedddn wwdt. W Ad 5§
AR Aol wAAE BE 53 FEate] FuuAst FolsA %S

Ao =ut

[¥ 24] AHA AFAlelM #H A& 518 et A 58 ko] A4 <l

HA 5§ Aol digk | Hd & Fde] Ag
Pearson &A= Pearson A#&A|<
&7o] 0.677#x 0.359
&Y 0.394x 0.284
PAE7H Aol 0.479x 0.266
AAE7F do] 0.536%x 0.374
SA =7k Ao 0.425% 0.216
ofx|E7}et o] 0.413x 0.250
A 717 e Aol 0.410% 0.219
xx p < 0.01, * p < 0.05

46 ] 2t} &l



3.5. =X zAA Q] Afol= AT A7}

A8 FAANEL 4¥4 A
A EFAG 2ol B} FHof YAWAY FES F1 Folur] m¥
AFE AR A T Adleltta =AR = Zrke] Alo]l =2 M A

30M ] Holxprl Hest =X Ao Ao Ato]= AT A HA

1578 A 95717 Bxapon, B 41257 Ukttt 25).

[Z 25] 23 A oA e Alo]= Aa 27t (T 5)

Hazgk H ozt H#(EFFAA})
Afo] = A&k =7} 1% 9% 4.12(2.304)

2F FolArt =X A A Afol= AT Ate MElsliy)|

&
=]
ol orolr 7] e oldE AT REAS

A THE 26). B4 Add wE2w As @A X2 ulEte]
=Hdo] &Hol 0.01 FFolA #Fo& FAAAE How, Syvs}

AALAE Aol A7 ol @l 0.05 FEelN folw

Euul, AAE7k Aol aela AZEvte ol g aelskel Al
@ Aue Adsadn B 5 o,

_L4
i
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[ 26] =3 ApAol|A] Afol= Ad A3t H4 a9l

Ato]= A3 Azte]| tfdt Pearson A&EA ST
&4 o] 0.505%x*
&4 0.404x
PAE7HL do] 0.201
AA =7 Aol 0.403+%
SAE7E Ho) 0.300
oFx|&7tet o] 0.372
A7 =7 e Aol 0.419%
#* p < 0.01, * p <0.05

3.6. EE AAAAY FuA Hg A T4

Ad ZAAAEl AR zA 2w AE ZA oAt vz A R =X
AAelAe Aoz A3 gyuch e Ay 2 FPe AUz
Fgsiuda A Aol HE sbed Az Fuw Ad AL
Askleh. zbzhe] Bes sk Ay, FHA §8 A2 2.0058, Hd
518 A2 7.81% Q1 A% YehRtH(E 27).

[} 27] 2> AAAA 9 3§ &3t 3k (F9: 3)
HAa Ato] = A
&8 Azt A3 2z 38 A
B (E=HA}) 2.00(1.549) 4.12(2.304) 7.81(2.546)

A FAATE 2 AAlelA HA S8 A Hd S8 e

Aestod 93 v 21 dobny] 98] o|MF A B2
1

T

=

o
2a)
_E
T
%

2
iv
=
)
>
i)

>«
3&
oo
o
)
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i)
>
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rr
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o
o
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o
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© 06 o) 2~ o
T = E—r/\}]\

32

A & ¢ AE Aol EUH] 0] woiH o

32

[& 28] = Aol Ha &8 &t Al 858 2o A4 2l

H4 3§ Aol digk | Hd & Aol Ag
Pearson &A1 Pearson &A1
E7o] 0.51 7 0.308
EUH] 0.369 0.391%
PAE7 Aol 0.147 0.127
AA L7 4do) 0.319 0.384
SA &7 Aol 0.256 0.220
oFx| &7kt Ao 0.283 0.270
A7) &7 e Aol 0.310 0.365

** p < 0.01, *p <0.05

e
N

AwA 5g g1 71

L1 71RAel WE HE g T4

’Je] el Al Purdue pegboard
AlZbe 0% $bsto] EASE Aate %l 149 ok

Avte] = 23 A Ve A 35 A2 AF(-33)FH 3 35
)7MAE 7R 53 AR 4 10x olue 715 AolE

Kol Hlwd 7[HA e & JFS vAA oke AowE AAEd. aHuy
AR ARG F 37 & A2 A 4 & A3
25% o]%e] 71E ApolE Ko 7Nl Aslel st FFE A=

Aow Hetgqrh. gebd, MU 4ol wE Ha 8§ FUhe -
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[

A AAe A A 2 Abel= AR AR HE A3 77
M3ls BAdow BAse] ARg e A% BeAlE seta]

el eEE t—HE= FHAT (R 29).

[ 29] A4 AAlst AFF 2A 3
=

Atol= A7 Azta 58 A3 3 ws
B
A% A4 A2 A ’
#Ha 8§ it 2.77 2.81 -0.135 0.894
Atol = A jE gt 6.46 5.35 3.248 0.003%x
Ho 3¢ 43 10.42 9.04 2.807 0.010%x

wxp < 0.01

2A Ave] wew, AF Adelde Ha §e AuH AA
AN Az dE AFEe BAdem fod wWaHE nolA
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A7k} At 88 A3ke) 57} gag olgel detel FoAs

UpE Al GRIETpERS FYRE FFGFE HREIfER

Yol E ol 9 T, (29 17, 2F 187

#ol) FGAE=7pE T G EpE Fef ofgEo] By e F

Feor EZo] ofH ) IE QA FEE Aol AR
&5 et (P12)”

3l @it

HE

W ohujet wle) Ay Fojak

“FHo Ape]=oF HY FE o)y W I FHe] mrE
wifs =glo] FapA £ el W F)E et
AN ek 7 Qs YIpo] S 3 WY ok
Hdd Fyjo]7] wEe] Ex7F oJFHGyw YEHEH P
PR Fere) (P4)”

da wakel, g Abelzrh 2 A wgske ded e

e
o
A
b

WA e GG dEol BNE §S A LELHL
Frjuje] ol Haw BdE Aol = ] B2,
329 AJo]Z7 ZH FG £ o] WA FrL)e]
Fol 7 Ho] H%lA #Hg 77 o H (PY)”

PY =
ge Fr4dQd =
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47 AAe == AM 7 Aoz AR AR & AF T
M3ls BAAoR WAse] A%g Ao A% BeAlE stete]

glal dexe (-1 FAATHE 30).

[¥ 30] =4 AAlel =32 24 2T
Abol= A Ayt 58 A3t ok W

B
A4 AN ZE A4 ’
#2843 2.77 2.00 3.077 0.005%x
Atolz= Aot At 6.46 4.12 7.604 0.000%x
Hof 38 & 10.42 7.81 7.023  0.000%sx

xxxp < 0.001, =*p < 0.01

A Aol wpzw, 3H AAeNA G I AANAY Hi HE
e 001 FEod fels ras wglon, Aol= Ag 2
A HE P 0001 FEIA FW Fag BA WA A
A e Hle] ZE zpA] oA Atol= AR by FHo &

F3ke] A7t FEAAA A o] feo tiato] FoiAE

T AFo]=7p EwolelE 2W EZEE nEE WEw
7o Jlo] & AFe] Yt (P3)”

3oweln], 22 ALO] A4S S8 4 Qb 2 Abol= AR Fito]

Aot e

o
mlo

B S

da GE A= & § skl Y EEE 92y
FE S, ofu & Fo] mey ExE FAH
HYAIEE o)ojd T glo] ZHe Frp Basht 2El

- ._.__L—E_Iﬂ-ll..:



& Apoj=e) FyEe Ju 2EE FAY (2 199 29))
=g B Fe 2xE e g38 W] gl
22E YA F7] e FopFel Fo] #edA Hil
e Ag 2E7F M2 A Gojif Afa £]ge] sropd Floju.
(P20)”

B2 FYL )l FH Luig 2o ofgrp How
27l Z njpexli= A gk (P7)7

gt @Ele, ZA7F Aol =7 = A EF Q3 A

=]
23X g4 2 ARE olold Al sl gk

[18) 19] & Alo] =9 AEL A7 & A] 23 A}L9 o]ge
#F: A A e, ¢ 2 ZFg F)

Tk A A Aol vlE] ZE A =AM FHA S8 Al

57k A ol fol diste] HolatEe

of7F Z]E A (FF A A EFO]ES A EH S

LR FHE Y 7 ZEE Fojri] W A P 22

AREERS 28] 8w AepE] Flo] £o Hg Xof F 7]
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&8 At 43 (2)
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= 0% A A x| oA g
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b

HAst B el AHE¥ = EAATH] = Park & Kim (1992) 9] A7+
of wel An|xte] 2 HEAF aft gl WSt C,/C = (B/a)? Q] A

ol 7 Aok wEbA, B Aol EEd SAATH /08 A
e I 2.

.

C,/C, = (B/a)? = (2'022)2 2 0.075 -weeeeeeeerereeeens

°f Ad: B R oA AN tE APATE
EAA R 9 ARtE = 5AS Bl AgAFelA = ZAEA7F 2l
Afo] =R} &S xjo| ==

Eao] Avka sbgstel EAAFNE 1uT 2 g s,

il

7Hdsto] EAAIFRE 12 dAske] 488kt (Chun et al, 1996;
Lee & Choi, 1996; Lee, 1998; Jang & Kim, 2006; Choi et al., 2009;
Kim, 2018). ¥k & A7olA =&d EH7FH= 1 vnte A=,
22 Apol =5 AdEsts o] & Alol=E sk AR E4o] v

Atol=7F AgehA] e AFE A HEske A A=
=dE Az AgelA sd 22 T AvE 94E3s] uFA Xoke
Zolm, ol & AWH AAy = FAo|EE &9 FFo] FEAfol A
G AAsHA AFdEvs 5Aol du. 53] AT WA Al
= ar

AHlE vE o g EA 9
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R ASA 1] AFataA

Alo]l= A gt A7te]l gt Pearson A#A S

3 AA
27 AA

ALA ZHA 232 A

&0l 0.535xx 0.615%x* 0.505%*

&) 0.579xx 0.492x 0.404x

PAE=7HeE do] 0.103 0.283 0.201

HA &7 Ao 0.281 0.463% 0.403x

TAE7E Aol 0.426% 0.365 0.300

ofA|E7her o] 0.337 0.377 0.372

A 71E7 e Aol 0.384 0.357 0.419%

«x p < .01, * p <.05

AEA Aol wEwW o] FEy Euy] FHES BE AHA

FAAES RE A ZANN EZolg vl BLAE 1eldho
&



Avpey Apol= Ak At A9k
Fedol AolaAl dEkth A AA 2dMe SAETES
05 FFlAM ok, &5 AAAHA H HZH AAelA =
TAET ] o7k grgAfel FastA 1HES & F

A A Z=AME HALE E o] FEo] 0.05 FFEelA
7

FRAEE Hol Ao YEkth EI 22 AN

N
o
~
(@)
(@)

kit
oY,
N
o
_}1_‘

i)

dolsh A71EAE Aolrh Abel= A Az Aol Histel 0.05
SR RE duAe mgt Z Agol wws HFgH: A%
FEe A3 2 Ag Adi: ARE gde AAEAE
ANENE WAt g A5 AGAE AP Fad 2dloldn
& 4 ok mebd 2 ATelA s &), &N g tEel Ax&s}e
dol, ALK Aol ALY Ao gHE AL gHom
ARl AFE A Abol= A2ge AT

AL, B AA BEFeA 0.01 o] o A
g ES $AEY FHoR AT 1 dsoR
A Al 0.01 wEe feE ARds, A AAg 2=
AAA0.05 FEo frofdt dude milorns 299 IHow
Askgich weEk galvbA el S8 A FE T ol &
FEs JlE A FHoE AHsgion
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ARG AR g BAS nesd 44 A BegRo
Aol =z A A WAl o FAEHcll @ ZolmE, 2
AFNAE =T AN BAN G BP0 & A&t olE

4= 2, A Aol 9 st gk BEAdol 1S FAETIE AolE

Ato|= A ¥ Azt ot
Pearson A#&A|<

FE =7 AA A
cERY
A AR 2 A

= 2710 0.535%%  0.615%%  0.505#* 1
= 21 H] 0.579#x  0.492% 0.404 9

Ax &7k de]l  0.281 0.463% 0.403 3
.
SO A7lEstEel  0.384 0.357  0.419% 4
]

FTA &7t do]  0.426% 0.365 0.300 5

#** p < .01, * p <.05
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A 32 AFE FHFY Aol= AlA" HAH g

1. 8 A+ =&

37} o] Apo]=F o} 83t

B AFgAE AEL A7 HA A4S ©Z38+14F data—driven
3
1,341 e &4dolgt &)

AZAE T AP B AER SAAFHG A5 gES

[E 33] Alol= A28 HA8 27

. Aol Z=zizlob 8 3 1A A= ZAAL]
S el el WA 1,341 W) £706]90 £un] A=A
2.0mm\?
£ %) _ 2 _ ( ) ~ 0.
C,/C, = (/) R — 0.075
NE A% F= | £g0], £y
Apo| = &= 1~77

Aelz= 7h 1~77HQL Aol Wist HH3 Ay a9 21, 1d
22, % 23, ¥ 24, 1™ 25, ¥ 26, IW 27¥ gow, 7h FHA

AR FAN FAG 7 Aol U F U E 340 AN A
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Hand Width

Hand Width

100 A Size Korea Data
¥ Current Sizing System
® Optimal Sizing System
95 1 X
90 1 X
85 - o
®
80 - X
160 170 180 190 200 210
Hand Length
[28 21] Atel= #7F 10Y = HA s 43 (F9): mm)
100 A Size Korea Data
¥ Current Sizing System
@® Optimal Sizing System
95 1 X
90 1 X
85 - A
@
80 - X
160 170 180 190 200 210
Hand Length

[29 22] Afol= 7k 270 o) H A3 A3 (k9] mm)

. 2 A &t 8



Hand Width

Hand Width

100 A Size Korea Data
¥ Current Sizing System
® Optimal Sizing System
95 1 X
90 1 X
®
5 &
80 - v
160 170 180 190 200 210
Hand Length
[29 23] Atol= 47 371 o HA s Ay (] mm)
100 A Size Korea Data
¥ Current Sizing System
@® Optimal Sizing System
95 1 X
90 1 X
®
85 - x *
®
80 1 ® X
160 170 180 190 200 210
Hand Length

[29 24] Afol= 7k 4 70 o H A3 A3 (2h29]: mm)

6 2 A=t &)



Hand Width

Hand Width

100 - Size Korea Data
¥ Current Sizing System
@® Optimal Sizing System
95 1 X
% .
i B
85 X
@
80 - = X
160 170 180 190 200 210
Hand Length
[Z298 25] Atel= <=7} 570 o H A3t 23 (F9]: mm)
100 - Size Korea Data
¥ Current Sizing System
@® Optimal Sizing System
95 1 X
90 1 X []
- .
85 - % [
®
®
80 - Oy
160 170 180 190 200 210
Hand Length
[Z29 26] Atel= 71 6 70 o H A3t A3 (P9 mm)
- E w1 =l
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100 - Size Korea Data
¥ Current Sizing System
® Optimal Sizing System
95 X
£
=]
s 90 X S
© @
% &
T 85 8%
w»
@
80 @ X
160 170 180 190 200 210

Hand Length

[28 27] Atol= F7F 770 o HAS A3 (49 mm)

Aoz 52 1% Age 19 219 Aneld A4 A5E A
Eojel £uule] Bx ou] grjHow A2 o fXsA). ol
2 A5 guRt 4 A5 gy ud st ¥e SAol
g A B % gtk Abel= £ 270, 371, 471, 571, 670, 7A1%

galo] AFE & Aolw AR 44 A7 QA E£doje

] 2 Fell vEbdE B ¢ lvh(" 22, a9 23,

=
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[£ 34] Abol= Fo] M2 2 x50 F44

o
uq u; us Uy Us Ug Uy
175.82
14.74
83.61
171.44 183.76
6.27
81.80 85.88
169.14 179.17 188.34
4.07
80.87 84.11 87.23
168.31 177.43 184.12 191.48 o1
80.57 83.40 85.93 88.71 '
167.42 175.89 182.07 187.40 193.58 57
=L 80.24 82.81 84.82 86.92 89.32 '
=% 165.53 173.24 178.09 182.32 187.94 192.92 -
et 81.33 80.62 83.57 86.94 85.52 89.54 '
&2 165.47 173.06 176.18 182.22 181.94 188.39 193.83 o5
L 81.48 80.07 85.01 87.99 82.80 86.56 89.87 '
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HaSAAT Afol27k 4 A olFREE FEAo]l 0.5 mumel Fe
Zow graste] &4 @ol MEH FEL AASAT
14.74
[ ]
~
44
q{jo 6.27
°
4.07
. 3.19
2.73
o ° 2.34 1'95
L]
[ ]
1 2 3 4 5 6 7

Aol = = (7))

(737 28] Afol= ol mpE Féa

1o

3}

F Abol= 7t Abg AL Zlo] A mE ZHAH BEHY Ao

N AF Aoz 52 AT Az £E 4AE ARt

255 A3} 3 Ay & 359 2 2
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[E 35] Atol= 471 470 4 W & A4 (G mm)
Uuq U uz Uy
=7 o] 168.31 177.43 184.12 191.48
=4 80.57 83.40 85.93 88.71
2. AA T3+ A%

el adelds wkgste]l AAl Holw

9A
Eolg Euu] G5
ew A% BEL
052

XO

Ea

1

32014 AAFE F

_/’:
AA FE AESA.

7% 2 —3.653HE +1.00&7tAolth(2¥ 20).
kgl S o =Zolgt

HHlZ 7|22 —7.3 mm%E +2.0 mm7HA
A7 (AA A 7F x Q1 ZFEA= A9

FHT £Z0]9t EyYH|7F 7.3 mm 2 HZH XF oy FE

H 299 o] 9

¢

=S
FHY 20 mm
a

Ape] #xlo] opd A x50 wAelA aAEE A A5

o Anrh £ 9

§AA Hgol 7bs

e

ﬂ"l j]'/'lk‘ Uitq W]'Z] Z}

£487F 2.0 mm Z2 F

sttt & % gtk

w® AA 73

U;
|

1

1

I

I
72157k x 9L A g el S8 At T

X Uiy
1 I
1

Xi]2?44 }\1 64 @J,}oﬂ

nHS HE S8 A THE Aoz A g

ol 4B

of sgeh ohebA

ar

(o]

FEARE 7.3 mm &

v

~

I

2.0mm

[Z9 29] Z&A+9]

7.3mm 2.0mm

e g P A4 A5
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olo] wel AA T+ —2.0 mmFE +7.3 mm7tAES T 359
Edolel  EUYn] g HZAH A e AEste] AHA A
Ao 36). HA Age AA T2 HIHS 1E5Y

g AAAE A REE skl ARk RE Al A ST

[& 36] AFE& A3 Afol= AAFS HA 249

AA T3 (F9 mm)

u, Uz Uus Uy
HA A 168 177 184 191
£70]
AA F+2F 166 176 175 185 182 191 189 199
A A 81 83 86 89
=11

AA 2 79 88 81 91 84 93 87 96
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S &8 2 g3 &
100.00
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 96
95.00
-------------------------------------------------------------- 93
--------------------------------------------------------- 91
T 9000 :
-(?:J _______________________ “_A_] _______________________ 88
———————————————————————————— 87
85.00
........................................................... 84
o)
-------------- L A o it e e R o} |

80.00 : '

R—— == 79

75.00 160.00 170.00 130.00‘ 1190.0;0 ::OOAOO 210.00

ol
[2¥ 30] A58 &ztel H4 A5 AA 3 (F9 mm)

% 309 Afol= A AHNE 2719 Alol=7F FHEE Ko
whAsto (2 37). wEkd TFH A3kl ddE s FEAES s
Alo] = A|gko] F7HA O 7 =9k ojof 3t}

[ 37] Atol= 53 3 (29 mm)
S—-M M-L L—XL
TH 73 FH 73 TH 73
£ 0] 175~176 182~185 189~191
U 81~88 84~91 87~93

3. TH T Alel= A9

TH T Edolet Eyn] T $AEIE =2 &do] #E
oz T 3 b ke HA A5 Alol==E A st
web] 29 313 2ol S-M TH S Me®, M-L T3 #3k
L&, L-XL &3 72 XLE gosglon, o5 wge 4 Afej=
A AEL 78 329} 7o)
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4. AT AW A A= A2y

Atolz=ziglol 8 b QUAIAGZAARSY] HlolElelA 2zt Afo]= W ot
e =EFSto] AEsinh Atol= A AE Y] BE FA= AR A

BT wesel 254 AAAEAN WEst] FA5w BA5ch

dol, FAE7I Aol £ 32 & Atol= A Aol duA el wet
AR 18 EEdg AAE7E vy 2de AY @ SEl

= Soy, AFEE AR Atolz= A Al FuE 5 Qe A
FEow Akt EEd 52 o J3AT (Kwon et al., 2005;
Kim, 2008; Kwon et al.,, 2009; Kwon et al., 2019; Jeon, 2021) o] A
F3 Abol= A AES VE AR AR AS agste] ol X5
zotsilon, HXE7F Eniy 2= A4

Fo oAY A9 £ B /NS neste] Fa A5l TR
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(& 38] A58 4ol H7 Ajo]= A|xw

@
2 A ?
@MIL) i i
10 E ©®
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] AV o
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Alo] =z FR S M L XL
168 177 184 191
D&do]
7]% 166 176 175 185 182 191 189 199
24
) 81 83 86 89
@<=11]
79 88 81 91 84 93 87 96
AR &7k
@dA &7k 66 69 72 75
Z o]
F A &7re
DeAE7h 74 77 80 83
7 0]
231
A7) s=7} 2k
X4 gj‘ H 52 55 57 59
(mm)
G+ 201 205 209 215
AA =7 =
@A &7 49 50 51 52
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A 4 2 AFE ZFHEY FF Alol= A" HF
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[-'N

T8 gt AP Apelz A~F

= ATl Ak RS ARt A Abol= AAHE Al
Atolz AlaEls} mlaste] fHTetr] fs WA dAY ARES A
Aoz AlAEE BT TS Ao daA Apolz= AEe] QA

Al 2B} mRREZEA 2 Abo] = B R rto] bAEt R R ok TR Y

Aol=E AR WA BAR WHOE 2%

oL
_O‘L
32
oy
k)
kg
R
)
1
ofo

F3re] A Aol AlAEle 19 348F 2k

[¥ 39] AF8& &3 A3 Abo]= A|AHE]

A Aeek A A (F9 mm)

S M L XL,
AE % Aol 235+3 240+3 245+ 3 250 %3
AL gz Yul 100~104  105~109 110~114 115~119

R
_L 175 180 185 190
. 1
=40l A
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o S 173 182 178 187 183 192 188 197
|47 75
I _L 80 85 90 95
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78 87 83 92 88 97 93 102
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2. A Afolz= Al HA Apo]= AlAELS] AW E Ha

usf oF 21.

o
off
O
2
=
Rl
off
il

[E 40] A58 479 Aq Apo]= A5}
B ATl Ae A A= AxEC] AME (39 )
& 3l =] A
) G # 7 5
Folz= AluE]  Abo]= AluH)
o 195 151 —44
(14.5%) (11.3%) (—3.2%)
. 432 395 —37
(32.2%) (29.5%) (—2.7%)
. 220 414 194
(16.4%) (30.9%) (14.5%)
<1 29 198 169
(2.2%) (14.8%) (12.6%)
876 1.158 289
AR A /
A AR E (65.3%) (86.4%) (21.1%)
465 183
A3 Alol = © _
A% Abel= wla (34.7%) (13.6%)
. 1.341 1.341 -
= (100.0%) (100.0%)
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Size
100.00 @&
®s
@
QL
95.00 O:\'L
90.00
85.00
80.00
75.00 -
160.00 170.00 180.00 190.00 200.00 210.00
&0
[2" 35] &3 Alo]= A|AES AWE (G mm)
Size
100.00 @3 &
®s
QM
QL
95.00 OXL
90.00
85.00
80.00
75.00 ~
160.00 170.00 180.00 190.00 200.00 210.00
&7o]
[2¥ 36] HZA Ato]= A|AES] AWE (F9 mm)
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X 40 9 Atol=E WMIEE ¥ 37 ¥ o] yEeRde] nlwdt Az
3 Apo]= A AEIO S ALo] (195 W, 14.5%) % M Ako] = (432 ™
32.2%)= HA Atolz= A|AHS S Apo]=(151 W, 11.3%)$F M
Abo] (395 W, 29.5%) wvlal 717} 3.2%, 2.7% =< RIEE Hth
gy " Afo]l= A|AEIS] L ARo] (220 M, 16.4%)9F XL
At = (29 7, 2.2%) = HA Alolz= AAHIS] L Aol=(414 W,
30.9%) 2+ XL AFo]=(198 W, 14.8%) wHldl Z+Z 14.5%, 12.6%X
FEHAA we EE B

AAA WL BEA ste] AY Apo] = ARGE e Apo] 2o
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st S Ato]=ek M Alol =M BlwA 2 WIEE H
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AZA S RS Bal A28 EAAFUE Hgsel Fasglon,
Apolz 57k 1~ T A5 skl 247t sl AaE wlmstsict,

z}
A, 49 Abel= b A" o, Tl wel HAH Apel=

+

A A8 (S—£Z0o]: 168mm, ©UH]: 81 mm, M—<20o]: 177 mm, <=4 H]:
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Abstract

Development of Optimal Sizing System
for Tactical Gloves
Applying Empirical Loss Coefficient Ratio

Yujin Hong
Department of Textiles,
Merchandising and Fashion Design

The Graduate School

Seoul National University

Tactical gloves should provide a good fit when wearing to
increase the wearer's ability to perform tasks and reduce the risk of
safety accidents. In terms of production and supply, it is necessary
to have a sizing system with an appropriate number of sizes to
prevent additional production costs and supply confusion. This study
developed the optimal sizing system for tactical gloves by applying
the concept of the loss function proposed by Park & Kim (1992) to
achieve the best fit for tactical gloves for a limited number of sizes
via 1) investigation on the wearing condition of tactical gloves
through in—depth interviews and surveys, 2) analysis of the glove fit
and loss coefficient ratio through an experiment, 3) optimization of
the sizing system, and 4) verification of the optimal sizing system by
comparing the coverage rate to the current sizing system.

Based on the survey results, hand movements (shooting posture,
rope posture) and hand function (dexterity, grip force) required in
the noted tactical situation were selected as experiment conditions
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for analyzing the optimal fit and computing the loss coefficient ratio.
Using the optimal fit analysis, it was found that the suitable glove (SG)
and maximum allowable glove (A4Gyy,,) for the shooting posture were
significantly reduced compared to the static posture. This finding was
explained by the difficulty of controlling the selector lever and the
trigger of the firearm due to the surplus glove tip, and anxiety about
possible safety accidents caused by firearm operation errors. Further,
compared to the static posture, SG, AGpnin, and AGyg, were all
significantly reduced and explained by the need for additional force
in the hand and high physical strength needed due to the interference
coming from inappropriate gloves. Therefore, tactical gloves are
preferred in a smaller size rather than a larger size. The loss
coefficient ratio was derived via the intersection of all the AG
sections to satisfy all static posture, shooting posture, rope posture,
dexterity, and grip strength conditions. The final AG section was
calculated to be from 7.3 mm in smaller gloves to 2.0 mm in larger
gloves based on SG, and the loss coefficient ratio was thereby
computed to be 0.075.

An optimization of the sizing system for tactical gloves was
performed by applying the loss coefficient ratio derived through
experiments to the measurement of the hand length and width of
1,341 adult men collected from the 8th Size Korea. By comparing
each optimization result from one to seven sizes, four size conditions
were finally adopted, and an optimal sizing system was derived (S—
hand length: 168, hand width: 81, M—hand length: 177, hand width:
83, L—hand length: 184, hand width: 86, XL—hand length: 191, hand
width: 89).

The optimal sizing system for tactical gloves that was proposed

in this study was verified by comparing it to the current sizing system
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in terms of coverage rate. The coverage rate of the current sizing
system was 65.3%, while the coverage rate of the optimal sizing
system proposed in this study was 86.4%, indicated an improvement
of about 21.1%. Thus, optimal sizing system proposed in this study
maintains the same number of sizes as the current sizing system,
thereby improving the coverage rate without incurring additional
production costs or hindering the efficiency of the supply.

The development of the optimal sizing system for tactical gloves
proposed in this study minimizes the loss of the wearer’ s fit by
setting uneven size intervals through optimization. An experimental
method was also devised to derive the empirical value of the loss
coefficient ratio. The loss coefficient ratio of the tactical gloves
derived in this study was less than 1, which is significant in that it
newly reveals that functional gloves, such as tactical gloves, may be
preferred in smaller sizes when considering both work efficiency and

safety.
Keywords : Tactical gloves, Sizing system, Glove fit, Loss function,

Optimization
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