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Establishing Quantitative Evaluation Standards for the Mobility test of Slacks
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Abstract : This study presents quantitative evaluation standards for they mobility test, conducted in the process of a
slacks fit test. This study quantified the subjects’ evaluation on the wearability of slacks to provide objective qualitative
evaluation methods for existing mobility tests. The subjects were women of standard bodytype between the ages of 18
and 24 wearing slacks designed to test their mobility based on differences in ease in waist girth, hip girth, crotch length
and knee length. A qualitative evaluation tested the wearability of slacks. Clothing pressure and gap area between the
body and slacks were measured based on a quantitative evaluation. The clothing pressure and the gap area between the
body and slacks (which reflect the results of the wearability test) were presented in this study as quantitative evaluation
standards. Clothing pressure tended to increase as the ease of slacks decreased; however, clothing pressure standards,
that induce discomfort, differed by body parts. The hip, crotch, and knee area were relatively less sensitive despite the
waist and the abdominal area sensitivity to clothing pressure. This study suggests the minimum ease for the appropriate
wearing comfort of slacks by region and motion as standards for the quantitative evaluation of mobility tests. These was
reset in accordance to the limits of clothing pressure when the minimum ease was considered as wearable but exceeded

the clothing pressure limits.

Key words : slacks fit test(E# 2~ W3-A] H71), mobility test(52F A4 #H71), quantitative evaluation standards(d %
2 7} 7]%), clothing pressure(2]£-<}), gap area(m3= ©3)
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Table 1. Body measurements of subjects (unit: cm)
Htems Subjects
RP A B C
Waist height 101.8 101.8 101.4 102.2
Waist height(Omphalion)  95.8 94.0 91.8 91.8
Hip height 794 81.9 81.2 79.0
Crotch height 727 71.4 70.9 724
Knee height 422 41.4 41.2 40.6
Wasit girth 65.3 65.5 65.7 64.6
Wasit girth(Omphalion) 72.8 75.3 79.3 77.8
Hip girth 90.9 89.5 929 89.3
Thigh girth 52.7 51.1 53.1 513
Knee girth 343 349 33.8 342
Waist width 242 23.1 232 223
Waist width(Omphalion) 27.9 28.1 294 28.6
Hip width 33.1 326 349 325
Waist depth 16.7 18.1 183 19.0
Hip depth 214 21.5 212 21.1
Waist to hip length 224 20.2 20.5 235
Crotch length 71.7 722 74.0 74.8
Weight(Kg) - 53.6 53.0 532
BMI - 19.8 19.7 20.0
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a. RP b. Slacks (Nam et al., 2007)

Fig. 1. The images of standard body-type RP and slacks.



Table 2. Maximum ease of lower body parts in accordance to the maximum
growth of circumference

Measurements
Waist girth Hip girth Knee girth
Mean value 67.2cm 91.6cm 35.1cm
Maximum growth of 5.85% 8.33% 23.71%
circumference (Cho, 1999) (Park, 1993a) (Park, 1993a)
Maximum ease 3.9cm 7.6cm 8.3cm

*mean value: descriptive statistical analysis of Size Korea data (2004,
n=175)
*maximum ease =m x (maximum growth of circumference/100)
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Table 3. The range in the ease of slacks patterns according to measurement variations of the body (unit: cm)
Measurements
Waist girth Hip girth Knee girth Crotch length
Ease
Min. 0.0 6.3 -3.8
(Nam et al., 2007) (Choi et al., 2007) (Nam et al., 2007) (Choi et al., 2007)
Max 2.0 12.3 2.0

(Amstrong, 1995)

(Kim & Kim, 2000)

(Amstrong, 1995) (Nam et al., 2007)

Table 4. Establishing of the ease of slacks (unit: cm)
Total ease of slacks Grading rule value
el e2 e3 e4 e5 Front Back
Waist girth 0.0 1.0 2.0 3.0 4.0 0.25 0.25
Hip girth 0.0 2.0 4.0 6.0 8.0 0.50 0.50
Knee girth 6.0 7.0 8.0 9.0 10.0 0.25 0.25
Crotch length 0.0 0.5 1.0 1.5 2.0 0.50 0.50
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Table S. Results of the wearability test by motions
Slacks
Test motions Test regions el e2 e3 e4 e5 F-value
M SD M SD M SD M SD M SD
Waist 267 058  3.67 058 333 0.58  4.00 000  4.00 100 233
Upright standing ~ Abdomen  2.33¢ 058 267 058 333" 058 400% 000 433° 058 8137
Hip 233" 058 267" 058 367 115 433° 058 433° 058 488
T Crotch 167° 058 233" 115 3337 115 400®™ 100 433° 058 435
Knee 467 058 467 058  4.67 0.58  5.00 000  5.00 0.00  0.50
Waist 267 058  3.00 100 333 0.58  4.00 000  4.00 100 2.00
Moderate walking  Apdomen 233 ¢ 058 267" LIS 367% 058 400° 000 433° 058 479
(stride 50~60cm) Hip 233° 058  300™ 100 400%® 100 433® 058 467° 058 472"
X Crotch 167 058 267 153 333 115 367 153 467 058 283
Knee 3.67 153 367 115 467 058  5.00 000  5.00 000 175
Waist 1.67° 058  200° 000 233" 058 300® 000 367" 058 967
Chair-sitting Abdomen 2.00 100 267 0.58  3.00 100 333 058  3.67 058 2.06
Hip 233° 058 300> 1.00 400% 100 433® 058 467 058 472
il Crotch 133" 058  200™ 100 267° 058 300° 000 300" 000 470
Knee 200° 100 267™ 058 267" 058 400 100 4337 058 489
Waist 133" 058  233*™ 058 233°" 058 267° 058 333° 058 470
Bending fOfward 0 Abdomen 2.33 0.58 3.00 100 3.00 1.00  2.67 115 3.67 058 092
the maximum Hip 267 L15 3.0 173 3.0 173 367 153 4.00 1.00 042
[\; Crotch .00 000  2.00 100 2.00 100 2.67 115 3.0 100 2.04
Knee 433 058 433 058 467 058 467 0.58  5.00 000 0.88
Waist 1.00¢ 000 1.67° 058 1.67° 058 267" 058 3.67° 058 1225
Kneeling-down Abdomen 1.33 058 233 058  2.67 115 3.00 100  3.67 058 335
Hip 1.67° 058 267" 058 267" 058 400° 000 433° 058 1338
i Crotch 1.67° 058 1.67° 058 233" 058 333% 058 367° 058 7.80°
Knee 1.67 058  1.67 0.58  2.00 1.00  2.67 058 333 115 235
Note. abc(a>b>c) means with a common letter in the same row are not significantly different(Duncan-test; *pé.OS, **pﬁ.Ol, ***pS.OOI).

U2 elo] AP FE PAT AL S, W, G, & 9]

oA m BRIk Wrhsgon Fus @ A ) T
91, Yol 91, & Rjelx] BHstkn Blekh. L
e oh o52 clfttel S AL blslon A

7 HRPE 7k wgolehe] 3 of

HoR e FAS o Neoz zrlge o - e 5,
FEEY N F oI 2em, FHolEH oA F oJFE 4em,
WepdoloA F A lemZt HFAE A h”]t‘ =

EEES IR

SERE ,\E]— Duncan-test 2}, #l, ¥@ol,

4 Folg Aol7} epgte}. W -
ol 92 55w xﬁmﬂoﬂ Aol 7k e o}
1

o WIZksAl wkedhe F91dS ERIE 5 Ao Jio] F
2ok B9 Fololds U2 el, 27) FolsA BEHE Ao
2 Bk

BE AL A7 T2 BE 50~60cm= TR HAFA]
Ae FUUE A8k S50 A8E WU Ao F

o] M7t Z4] ekovw wizA A AA e Hrt Az}
AR AZE BRIt JEu ddo] FeldMe € 201|141
Bt 3.000] vk ER] i AE Zo® vt 2
Zzlo] A& 279 S gulsle] 1&7RS Thh ARYSH A
©% ®elth Duncantest A3}, Wi, Jo] FLjox &
2 folgh Zpo|7h yehsttt v o] A S¥A el
27} FelFA B Ao BrrEglon Yol ¥99 7

2

Fll‘

éfé

T SYE elolMRE fefopl 2 208 Friso] w5 ¥
97t 2& 7S 313 ofRel tiF 2ggte] @ wiEIRe

AL AT 5 ANk,
oJxje] HlE ¢7] BZOZ Park(1993a) T+ Al A
2gEo] A7t Bl sl HA} w7
FellM= Wst glov &g, 29,

%, slelEaol welde], FEEHE
HEolthe] 3.00& é% 2 ed7t gﬁfﬁe Hloju= 7
o] H|BZ Table 5914 sl NN= F A/E

_>L

e
i

=

o

5 3cm, €



85 O] FRFY 181X A18H AZ, 20164
Zolo e F /% 1.5cm, FEEHNME £ o7 9em
7} 2o Q3 of ftolnt. ejje] ghofA] *@%‘ﬂt Al7F

o] 71 AHAE Yoz & EY¥2 HHS AT uele o
RS AT 0 o] AgE HuE 4 e Zlog Holt),
Duncan-test A3}, vl F-91& A3t 32|, J<l, 7=
FolA £ el fofgt zto|7t UERstt sl 919
A9 YU el, €2, 390X folsAl EHT ZoR WA
ol Fiol F9le] 7 S elolA folshAl BHg Ao
2 HrIEREY gRjel vz gb7] S2llA Jrelsd e Al
AEo] Hrt =o| thE Bt Sl H]EH djg e

=
=

o
=9,

Pro] F-9)e] Y2 ool ﬂ—"—Oﬂ; S Ha ok
< ) EYxo] FEPo] AR AL ARSI 7| Wil
&7HE Filsle] Bt 7)ol AUiFoE W AS 1
4 Arh
goz AHdist 32 1 7] B2 02 Cho(1999) A+ A}

oA slElsd AxHe] AFEC] At He wEolt <Y

2 e5olA] dlE] 29 B 333, U] 19 WA 3.0008 E
HES 7 Hlojd Frolt), wje} Judo] H-9] gA| EHg

o] Axrt F o2 JEien F& FeoAnt Htsirta

Bk ko2 AUk sl #3)7] T2

73AR1 FFo] o ATk gt 2y o)A

< T A 92 57 F9)9] st RIS ARkE

o= ¢ SUX AA A AFE A a2

t}. Duncan-test 23}, 312] Flolx vt &2 sjed

2307k UEhth, S8 ede] BF S e59) L
BEEEQ0} 2e7 Hrte] Ht % ?7} 2672 EHAT

oz HrEAY. WX el €2, 3 EF ‘HEFo|rpe] 3.00

olate] M7t veobA felaiA £ 74_3 37k
#ol 7] F22 Park(1993a) 91 AFolH F2EY AR

el AFEe] A7t He Sl OM Qo F5 ¢
oME S esollA, wlf F-elok dio] -9, Ee] F-2lolA

T EYE et Fg3re] Bt Ft ‘EEOIEM 3.00&

Table 6. Results of the clothing pressure by motions (unit: Kpa)
Slacks
Test motions Test regions el e2 e3 e4 e5 F-value
M 8D M SD M SD M SD M 8D
Waist 1377 026 135° 015 094° 040 083° 035 071% 030 89227
Upright standing ~ Abdomen — 095° 036 080" 028 071 023 065 018 073" 020 18497
Hip 056 % 006 051° 003 05° 003 039° 006 0339 004 373727
T Crotch 126% 020 1227 022 095" 006 053° 026 036° 027 311947
Knee 0.12 008 014 020 0.1 016 008 022 008 022 204
Waist 163° 032 157° 005 1.13° 041 1.04° 035 08 ° 035 9598
Moderate walking  Apdomen 092 037 065° 022 064" 029 048° 017 048° 0.18 4474
(stride 50~60cm) Hip 068° 018 062° 018 05° 013 046° 013 042° 019 3727
X Crotch 1L15% 021 089° 027 072° 019 0389 023 034¢ 023 20775
Knee 348 113 236° 088 156° 053 1.19% 076 086° 056 15474
Waist 2927 080 269° 066 187° 037 1699 036 135° 043 13261
Chair-sitting Abdomen  1.19° 028 087° 022 077° 022 074° 020 065° 017 8427
Hip 464 101 319° 100 311° 043 279° 051 3.04° 007 98717
?_l Crotch 594* 109 529" 104 496" 110 448° 135 407° 149 31407
Knee 771 145 723° 131 s571° 031 482% 018 356° 050 31357
Waist 455 022 284° 040 242° 041 217% 051 1.02° 082 55191
Bending forward to Abdomen 078 048 086 034 066 015 074> 038 063¢ 020 628
the maximum Hip 355°% 079 331° 073 296% 058 302°¢ 073 279°¢ 057 1644
[\3 Crotch 244° 028 189° 023 143° 006 117% 019 075° 007 1021327
Knee 263% 030 176° 016 172° 010 157° 009 176° 0.18 45287
Waist 374 081 336° 068 291° 074 319% 113 2459 148 20597
Kneeling-down Abdomen  171°% 038 132° 024 105° 018 107° 031 08¢ 021 13669
Hip 763% 025 509" 071  419% 020 432° 011 408 038 131636
i Crotch 463% 018 356° 019 292° 042 268% 045 216° 047 603.197
Knee 2418 % 065 2267"° 1.8 1921 ° 107 1769 ¢ 145 1588 ° 040 1027.64
Note. abcde(a>b>c>d>e) means with a common letter in the same row are not significantly different (Duncan-test; *pﬁ .05, **pﬁ .01, ***pé .001).
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d-2. crotch

Table 7. Average gap area of the horizontal/vertical section between the body

and slacks (unit: sz)
) Slacks
Test regions
el e2 e3 e4 e5
Waist girth 1.7 10.5 23.6 325 413

Hip girth 242 46.9 62.0 73.7 84.4
Crotch length 17.1 30.8 429 54.6 69.0
Knee girth 28.7 36.5 414 42.7 49.0

b. abdomen

front

d-1. crotch

front

RN

back

o

]
B

d. knee

Fig. 3. The horizontal/vertical sections between the body and slacks (e0: body section).
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Table 8. Average clothing pressure in accordance to test regions (unit: Kpa)
Test regions Test motions Slacks
el e2 e3 e4 e5
Upright standing 1.37 1.35 0.94 0.83 0.71
Moderate walking 1.63 1.57 1.13 1.04 0.88
Waist girth Chair-sitting 2.92 2.69 1.87 1.69 1.35
Bending forward to the maximum 4.55 2.84 242 2.17 1.02
Kneeling-down 3.74 3.36 291 3.19 245
Upright standing 0.95 0.80 0.71 0.65 0.73
Moderate walking 0.92 0.65 0.64 0.48 0.48
Abdomen girth Chair-sitting 1.19 0.87 0.77 0.74 0.65
Bending forward to the maximum 0.78 0.86 0.66 0.74 0.63
Kneeling-down 1.71 1.32 1.05 1.07 0.82
Upright standing 0.56 0.51 0.50 0.39 0.33
Moderate walking 0.68 0.62 0.57 0.46 042
Hip girth Chair-sitting 4.64 3.19 3.11 2.79 3.04
Bending forward to the maximum 3.55 3.31 2.96 3.02 2.79
Kneeling-down 7.63 5.09 4.19 4.32 4.08
Upright standing 1.26 1.22 0.95 0.53 0.36
Moderate walking 1.15 0.89 0.72 0.38 0.34
Crotch length Chair-sitting 5.94 5.29 4.96 448 4.07
Bending forward to the maximum 244 1.89 1.43 1.17 0.75
Kneeling-down 4.63 3.56 292 2.68 2.16
Upright standing 0.12 0.14 0.11 0.08 0.08
Moderate walking 3.48 2.36 1.56 1.19 0.86
Kn Chair-sitting [ 7n | 723 [ s;t | a4 3.56
Bending forward to the maximum 2.63 1.76 1.72 1.57 1.76
Kneeling-down | 2418 | 2267 [ 1921 | 1769 15.88
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Table 9. Standards for appropriate ease by test motions (unit: cm)

Slacks regions

Test motions Waist girth Hip girth Crotch length Knee girth
Ease Area Ease Area Ease Area Ease Area
Upright standing 1.0 10.5 0.0 242 1.0 28.7 6.0 429
Moderate walking 1.0 10.5 0.0 242 1.5 36.5 7.0 54.6
Chair-sitting 3.0 23.6 2.0 46.9 2.0 523 10.0 69.0
Bending forward to the maximum 4.0 413 2.0 46.9 2.0 28.7 6.0 69.0
Kneeling-down 4.0 413 8.0 84.4 1.5 523 10.0 54.6

% Induced as the total ease concept for slacks patterns according to measurement variations of the body
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