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Abstract

This study aimed to enhance the design of cropped t-shirts to improve fit satisfaction among women in their
20s by tailoring the t-shirts to diverse body types. Body types were categorized using Size Korea's 8th Human
Body Measurement Data, and statistical analysis was conducted based on the Statistical Package for the Social
Sciences (version 26.0). This study also reviewed the literature on t-shirts and fit, the application of pattern
and design improvements for different body types, verifying fit and size for each body type, and applying vir-
tual fit effects using geometric forms. Frequency analysis and non-parametric verification were conducted us-
ing the Friedman test. The results showed that t-shirts with a horizontal rectangular shape was an effective de-
sign and that t-shirts with an inverted triangular structure also had a positive effect. In contrast, square t-shirts
exhibited minimal effectiveness. These findings are expected to contribute to the consideration of customized
shapes according to body type in t-shirt design. Research on customized virtual cropped t-shirts reflecting var-
ious body types can expand fit satisfaction studies, particularly amid the increasing trend of online shopping.
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Table 1. Measurement item

Category

Item

Stature, Back neck H., Acromion H., Lateral shoulder H., Axilla H., Waist H., Waist H.(Omphalion),

H.(1
(10) Hip H., Crotch H., Knee H.

B.(6) Chest B., Bust B., Waist B., Waist B.(Omphalion), Hip B., Bishoulder B.

D.(6) Axilla D., Chest D., Bust D., Waist D., Waist D.(Omphalion), Hip D.

Head C., Neck C., Neck base C., Axilla C., Upper-arm C., Chest C., Bust C., Waist C., Waist

Direct- C.(19) C.(Omphalion), Abdominal extension C., Hip C., Diagonal trunk C., Thigh C., Mid-thigh C., Knee
measurement C., Lower knee C., Calf C., Inferior leg C., Maximum ankle C.
item

Shoulder L., Across back shoulder W., Across back lateral shoulder W., Across back W., Across back

W.(posterior axillary fold), Across front W., Across front W.(anterior axillary fold), Back neck point
L.(19) to wrist L., Hand L., Waist back L., Side neck point to bust point, Front neck point to waist, Total crotch
L., Arm L., Side waist to hip L., Outside leg L., Torso H., Straight body rise, Back neck point to bust

point

Other(2)  BMI, Weight

Back neck H./Stature, Lateral shoulder H./Stature, Torso H./Stature, Front neck point to
waist/Stature, Waist back L./Stature, Waist H.(Omphalion)/Stature, Chest C./Waist C., Bust C./Waist
C., Abdominal extension C./Waist C., Hip C./Waist C., Thigh C./Waist C., Knee C./Waist C., Calf

Index value

Calculation (25)
item

C./Waist C., Waist C.(Omphalion)/Waist C., Bishoulder B./Hip B., Waist B./Hip B., Chest B./Hip B.,
Bust B./Hip B., Waist B.(Omphalion)/Hip B., Across back W./Hip B., Across back shoulder W./Hip
B., Across back lateral shoulder W./Hip B., Across back W.(posterior axillary fold)/Hip B., Across

front W./Hip B., Across front W.(anterior axillary fold)/Hip B.

Flatness  Chest flatness ratio, Bust flatness ratio, Waist flatness ratio, Waist flatness ratio(Omphalion), Hip

ratio(5) flatness ratio

H: Height; W: Width; B: Breadth; D: Depth; C: Circumference; L: Length
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Table 2. Body size to be applied to the pattern (Unit: cm)
A B C D E F G H I J
39.10 16.00 37.20 39.27 32.30 15.60 25.90 35.60 87.00 84.60

A. Shoulder; B. Sleeve; C. Interscye fold(back); D. Center back line; E. Interscye fold(front); F. Bust point-bust point;
G. Cervical to breast point length; H. Centerfront line; I. Chest circumference; J. Bust circumference
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Table 3. Average body

N=575, Unit: cm

Measurement items Min Max M SD
Stature 143.80 177.00 161.25 51.10
H. Back neck height 119.80 153.10 136.25 48.66
Crotch height 60.40 87.00 73.13 34.98
Bust circumference 67.70 116.40 84.60 78.02
Neck base circumference 31.80 46.50 37.65 25.49
Upper-arm circumference 18.50 35.70 26.16 28.73
Waist circumference 57.50 101.20 72.79 78.86
c Head circumference 51.00 61.70 56.39 15.63
Abdominal extension circumference 64.70 116.50 82.54 82.94
Hip circumference 75.00 121.80 93.76 64.29
Thigh circumference 42.40 79.00 56.12 51.96
Side neck point to bust point 21.40 35.70 25.86 22.49
Back neck point to wrist length 65.30 86.20 76.14 30.86
Front neck point to waist 30.60 43.40 35.60 20.59
L. Waist back length 34.60 49.70 39.27 22.41
Total crotch length 53.50 82.80 66.18 43.18
Hand length 14.30 18.80 16.82 7.17
Across back lateral shoulder width 33.20 49.80 39.09 21.24

H: Height; C: Circumference; L: Length
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Table 4. Body grouping

N=575, Unit: cm

. Typel Type2 Type3 Type4
Measurement items M ]\;1 f 77 N};}; 31 N}E 45 N};g ) F
Bust circumference 84.60 98.22A 88.29B 83.51C 78.41D 462.38%**
Thigh circumference 56.12 56.81A 50.77B 48.62C 45.48D 285.99%**
Hip circumference 93.76 104.46A 95.72B 94.26C 88.55D 350.29%**
Abdominal extension circumference 82.54 97.24A 85.81B 82.21C 75.72D 486.51%**
Waist circumference 72.79 87.00A 76.34B 71.73C 66.45D 530.77***
Upper-arm circumference 26.16 30.56A 27.29B 26.00C 24.06D 238.01%**
Total crotch length 66.18 72.82A 67.15B 66.85B 62.86C 244 .22%*%*
Side neck point to bust point 25.86 29.07A 26.63B 25.79C 24.34D 173.81%**
Neck base circumference 37.65 40.64A 38.10B 37.98B 36.14C 94.90%**
Head circumference 56.39 57.57TA 56.52B 56.67B 55.73C 34.81%**
Crotch height 73.13 73.07B 71.53C 76.56A 71.85C 99.38***
Back neck height 136.25 13826B  133.94C  141.35A  133.60C 166.91***
Stature 161.25 162.839B  158.76C  166.81A  158.54C 172.00%**
Back neck point to wrist length 76.14 77.80B 75.48C 78.71A 74.27D 110.30%**
Hand length 16.82 17.09B 16.62C 17.33A 16.51C 59.50%**
Waist back length 39.27 40.56A 38.71B 40.21A 38.53B 32.40%**
Front neck point to waist 35.60 37.46A 35.48C 36.28B 34.58D 57.99%**
Across back lateral shoulder width 39.09 40.94A 38.98C 39.98B 37.94D 66.41%**

*Ep<.001
Duncan’s multiple range test: A>B>C>D
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Table 5. The body type based on the 8th Size Korea anthropometric data

An avatar based on the average measurements
for each body part from a dataset of 575 women
in their 20s

Average
body

Minimal difference between shoulders and
waist Leg length similar to average Both upper
and lower body circumference is larger than
average Largest hip circumference Leg length
similar to average

Typel

Short height and leg length Larger-than-aver-
age upper body circumference Smaller-than-
average lower body circumference Similar
shoulder width to average

Type2

Tallest height Upper body circumference sim-
ilar to average Slender lower body and waist
Larger-than-average shoulder width height

Type3

Short height and smallest shoulder width

Typed Narrowest upper and lower circumference
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Table 6. Basic patterns and modified patterns for each body type

Average body & Type 3

Type 1

Type 2

Type 4

- 474 -



200H 0l M 95 EIM=0l JId =0l g1t &

A

=

-Jlot Hl 2 0t0 2 E-

Table 7. Customized basic design development and modification

Final correction

Front

Back

A.
Before correction After correction
Front Back Side Front Back Side
T.1
T.2
T.3 No correction
T4

A: Average body; T: Type

24531t

CJARISE S5 Bl M = 9] BEgAf Ak Slof ‘o
thof| A <ol MR QI & 1-65:919] o2 AEHE
2 udsto] HleRAS AAsgIth A= o
7601 B2 =915 50:509] &= Uit o]
ofl 4] 1-37H2) = o] “ofmek, 36714 Ho]
] Qrey 2 TRk, 9] 13714 9] =4 BAE
2 we) B7HE &3 ATk ofge} o) thehyt
TH(Table 8).

@1 A Foll A 72 2 Bl = 9] 35917}
A FA = S E 25 B A2 10.00%, 220 2
2 g% 46.67%, ZAMZHSE AF €] A = 36.67%, 7}
2 AN A5 B M 2 93.33%, Al 2 AA S A5
E] M = 43.33%, 94218 3F €] A4 = 70.00% = LHEr

!

il

- 475 -

S AnA o, §91 AW 7 A2 2
R PESE B R e P ES e
om] ghrhiz AT} hehite.

G2 Aol A $loh 2 g o2 THEtels 74
20397 A ML SolE A HA 2
6.67%, A2t & €] = 53.33%, AAME 35 g
A= 30.00%, 7} 2 X AMZHE 2.5 Bl A4 = 80.00%, Al
2 A A2 28 €4 2 63.33%, 94171 28 E A
2 66.67% LEFETh 982 AR oA 7k A4k}
@ B 203897 0] A MEs b o
o] 714 o A 0.2 Ve,
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20397 A ML SelE A H A2
6.67%, AF7+8 T2 €] M 2 66.67%, A AHZHE 2 €
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Table 8. Frequency analysis of the effects of cropped T-shirts with solid and geometric form

T-shirts design type
Body Ran S-t-s T-c-t S-c-t H-r-c-t V-r-c-t I-t-c-t
type king N Total N Total N Total N Total N Total N Total
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 2 16 4 7
1333 33 (66 667 (53.33) 333 (1333 1333 (333 2333
1 4 5 7 5 8
2 ahy 66T (3t 2000 (106 1667 (3l 7667 (106r) 3000 (S 50.00
1 8 6 5 4 6
. 3 ahy 1000 o8 4667 oy 3667 (g 9333 (1333 4333 (000 7000
ype
1 9 3 2 8 7
4 @l 1333 3000 667 (1g00) 4667 (sG7) 10000 (o 7000 (55 9333
1 6 14 7 2
S oahy 1667 ooy 9667 (g7 9333 2333 95333 (647) 100.00
25 1 2 2
6 (8333) 10000 (353 10000 (7o 10000 (667) 100.00
1 5 1 10 5 8
U 33 333 (s 1667 (333 333 (3333 B3 gen 1667 (267 2667
5 4 8 8 5
2 (1667) 333 (1333) 1667 (667) 0000 (657 4333 (1667) 4333

1 6 4 6 6 7
3 (3.33) 6.67 (20.00) 53.33 (13.33) 30.00 (20.00) 80.00 (20.00) 63.33 (23.33) 66.67

Type2
4 (103.’00) 16.67 (30(.)()0) 83.33 (6.267) 36.67 (131.‘33) 93.33 (23?33) 86.67 (16?67) 86.67
5 (13‘_‘33) 96.67 (561_767) 93.33 (6%7) 100.00 (10%00) 96.67 (13‘.‘33) 96.67
6 (832.533) 100.00 (3.133) 100.00 (6%7) 100.00 (3.‘33) 100.00 (3.‘33) 100.00
! (23733) 23.33 (6.267) 6.67 (531.633) 53.33 (3.133) 3.33 (13‘}33) 13.33
2 (16?67) 40.00 (20%0) 26.67 (361_167) 90.00 (16567) 20.00 (10?00) 2333

Type3 3 (6.267) 6.67 (26?67) 66.67 (23733) 50.00 (3.133) 93.33 (262.;67) 46.67 (13‘}33) 36.67
4 (13‘_‘33) 13.33 (10?00) 76.67 (13‘_‘33) 63.33 (3.133) 96.67 (26*?67) 73.33 (331%3) 70.00
5 (23733) 100.00 (3(}.167) 100.00 (3_133) 100.00 (20%0) 93.33 (16567) 86.67
6 (ng(‘)o) 100.00 (6_267) 100.00 (13‘.‘33) 100.00
| (3.133) 333 (13‘_‘33) 13.33 (13‘_‘33) 13.33 (431_333) 4333 (10?00) 10.00 (16567) 16.67
2 (3.133) 6.67 (23733) 36.67 (165.67) 30.00 (20?00) 6333 (16?67) 26.67 (20?00) 36.67

Typed 3 (3.133) 10.00 (20?00) 36.67 (30?00) 60.00 (16?67) 80.00 (10?00) 36.67 (20?00) 36.67
4 (6.267) 16.67 (20?00) 76.67 (16?67) 76.67 (131.‘33) 93.33 (20?00) 26.67 (23?33) 80.00
5 (23733) 160.00 (20?00) 96.67 (3.133) 96.67 (331.%3) 90.00 (20?00) 100.00
6 (832.533) 100.00 (3.‘33) 100.00 (3.‘33) 100.00 (10?00) 100.00

S-t-s: Solid cropped t-shirt T-c-t: Triangular cropped t-shirt S-c-t: Square cropped t-shirt

H-r-c-t: Horizontal rectangle cropped t-shirt V-r-c-t: Vertical rectangle cropped t-shirt I-t-c-t: Inverted triangular cropped t-shirt
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Table 9. The cropped T-shirts arranged in order of the fit effect ranking

W-vA“l
K K K N K
W—'V“A'
N K R K K
W"'AI“V
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R A AR &
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2 Ao A Y RR1IgE 715 FEf 2F B2 E 2
A3 oprtele] 7MY HE W EE|E AF EH A
o] et dolo] aat o] = Zejey A9 o]
AR A O 2 &3 A= <Table 10>} 2t 7}
OAQlS &2E A5 g2 7MY 53t &
IR 2Rl sEo Belrh el 22 =9 aut &
olF ZEtd HAY O At FAHH R {23t o]
7} R THE=21.49, p<.001). £ & 7}o] Aoh= 4
AL S AE E M 2(M=84, SD=.19), A= 2423
A2 B 2WM=71,8D=21), A 2}8 T2 B|l A2 (M=
67, SD=21), Q4718 38 E] - =(M=.65, SD=.19),
7t2 A 2Hy 38 €] 2(M=.59,SD=.13)0] &0 =
et &8E 25 B 29 vlugt =9 a9
ato] Aib= 7t 2 ALY AF A 27 7 IR
8]— jjq-7]- L]-E]_bl—jr_ ] }\]-71—64 ELE E] /\:] 27]. 7].;(1— =

Fol ol airt vebt ) gl = §-9) 5k 2o
7t Y= AL & YErsT

NIy

7HE2 eI 7 ARl AF Bl 2o &EE 2
5 B2 7MARre] &t 5 7] 7} <A Belep, <&o}
Holtp ol 7o o] &3t 20| & mE|=y Ao 2
e BAH R foldt 2fo] 7} e THx=14.66,
p<01). Ao] aute] Aib= 7} A 27 B A=
(M=84, SD=19), | = HA}2FE A5 ] A 2(M=82,
SD=25), AA2 8 A5 €A =(M=75,SD=22), A2+
¥ 2E A 2(M=73, SD=20), A7t 2E €A
Z(M=.67, SD=.14)9] =0 & ettt &= A5
Bl M 29} vt A o] mate] Afo] A= 7hE A A}
748 AF E| 27} 7)7E 71 A Bols a3kt uEr
WL, AR 2E Bl A 27) 7] 7 7P Afop Kol =
R S e

2 Aol A AP oputete]] 7HFEFOIFE A}l
AF A= &2 A5 HAZE 853
ZaEd AALS £ Ao AT 7pArEol o) 7
o} Ed| Ay} x}o] 9] 44| & <Table 11>1} Zro

Table 10. Comparing the virtual fit effects of cropped T-shirts N=30

I 1T il

v Vv X p

Ranking

Circumference M .67 .84 .59
effect (SD) (.21) (.19) (.13)

71 65
(2D (19)

21.49 *** .000 I>IV>I>V>IT

M 73 .67 .84

Length effect (SD) (20) (.14) (.19)

82 75
(25 (22)

14.66 ** .005 M>1V>V>I>11

1. The virtual fit effect difference between solid and triangle cropped T-shirts on avatar.

II. The virtual fit effect difference between solid and square cropped T-shirts on avatar.

III. The virtual fit effect difference between solid and horizontal rectangle cropped T-shirts on avatar.
IV. The virtual fit effect difference between solid and vertical rectangle cropped T-shirts on avatar.
V. The virtual fit effect difference between solid and inverted triangle cropped T-shirt on avatar.

#Ep< 01, #*%p< 001

Table 11. The T-shirts images arranged in order of virtual fit effects

2

5

Circumference
effect

Length
effect

A

A“I
& &
V- A W
K K K
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2 AN &2 A B2 8 23t 2] & 1
3k ﬁJ,].‘— 7].§ xl/q.ﬂtsﬂ SR ]5]/(:]27]. 7]. 1/1— 2
St ACR Uyl A A5 HAZTHAY §
Tl Bol= A7 e T g2 {93 &0l
7} = Ao ' Yt

33 A FolA =2 HA Y A}, A
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2 AA Y 3 E g 2(M=2.53, SD=.90)2] &0 2
UERE A RE 5-2] 3 AFo] & Ko x| eh9hrh(x’=8.28,
p=082). o]oll 533 AP oA 7|5t FE Bl =29} &
Y AF HgA2E AP S o S8 A Zol=
EMZ] 2orrt.

P4 Aol A el FA Y| A}, YA 2
= FM#(MEMI SD=1.04), Al &= 2| A2+ 25 B4
=(M=2.87,8D=1.07), I4+7}8 32 €] A = (M=2.83,
SD=1.32), 7}2 HAZ+S 3= €4 2(M=2.77, SD=
1.01), A2+ 38 Bl 2 (M=2.70, SD=1.12)2] $=©
2 UERE |G f-0] 3t Zpo] S Ko ] ek FTh(x’=8.89,

p=064). 0|0 $-34 A G0l A 75} Fe B M 20} &
U= A HA2E v aYE o) S mh Aol 1t
B okolet.

2 Aol A A ofubete] 71d2kolgh v Akl
AF EA2e &5 A5 A2 E H IS o
zejed HAS B8l 42 At 7z o &4
AT} 2}p0] 0] 42 A] & <Table 13>3} ZHo| o] u] 2] & vl

Table 12. The analysis of circumference effect N=30
I Il I v Y X p Ranking
et M8 2B 260 20 e g meveven
Type2 &; &% gﬁ) gg gﬁ) jﬁ) 11.86* 018 TEIVSISVSII
Type3 (SAg) (%3471) (3.5()17) (2.95()3) (?:(])8) (2.;177) 8.28 082
Typed (S%) (ﬁg) (723471) (%Z) (ig;) 5?3) 8.89 064

1. The circumference effect of virtual fit for triangle cropped T-shirts compared to solid cropped T-shirts.

II. The circumference effect of virtual fit for square cropped T-shirts compared to solid cropped T-shirts.

1. The circumference effect of virtual fit for horizontal rectangle cropped T-shirts compared to solid cropped T-shirts.
IV. The circumference effect of virtual fit for vertical rectangle cropped T-shirts compared to solid cropped T-shirts.
V. The circumference effect of virtual fit for inverted triangle cropped T-shirts compared to solid cropped T-shirts.

*p<.05, **p<.01
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Table 13. The T-shirts images arranged in order of circumference effects

1 2 4 5
Type2 ‘ \ \ | .
Table 14. The analysis of length effect difference N=30
I I I v \ X p Ranking
M 2.57 223 357 333 3.20 ees
el qny (119) 57 (50) (124) (119 31.64 .000 >TV>V>I>1
M 3.00 2.50 3.07 3.20 2.87
P2 opy (1L (.94) (.94) (1324)  (1.04) 8.73 068
M 3.07 3.00 3.37 3.37 3.20
pe3 ooy (117) (91) (1.13) (1.07) (122) 407 396
M 3.10 2.93 3.40 3.20 277
ped opy  (1.06) (.98) (1.00) (1.16) (1.36) 578 216

1. The length effect of virtual fitting for triangle cropped T-shirts compared to solid cropped T-shirts.

II. The length effect of virtual fitting for square cropped T-shirts compared to solid cropped T-shirts.

III. The length effect of virtual fitting for horizontal rectangle cropped T-shirts compared to solid cropped T-shirts.
IV. The length effect of virtual fitting for vertical rectangle cropped T-shirts compared to solid cropped T-shirts.
V. The length effect of virtual fitting for inverted triangle cropped T-shirts compared to solid cropped T-shirts.

*H%kp<.001
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