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A Development of Baseball Uniforms for Social Baseball Players
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Abstract : This study develops baseball uniforms for amateur baseball players with excellent appearance and functional
movement. This study selected a conventional baseball uniform and developed a new one for amateur baseball players
with improved function and appearance based on previous research results. In case of developed baseball uniform mate-
rials, this study used polyurethane mixed fabric for the top to improve flexibility. A mesh material was used at the armpit,
back, and bottom of the top, side line of pants and pockets to improve breathability. In addition, quilted material was added
to the knee to improve durability and protection. For the patterns and design, this study used a gusset under the arm
to assist in comfortable movement as well as reduced the length of the top and circumference of the hem to decrease
unnecessary parts. For the pants, this study used a waistband gripper to avoid the top riding up, added darts behind the
knees to bend comfortably, and added additional fabric inside the hem to prevent dirt. In addition, we reduced the width
and length of the pants. Wearing evaluation was divided into appearance evaluation by experts and on-site-wearing test
by baseball players. The wearing evaluation results for the developed baseball uniform indicated higher evaluations than
a conventional baseball uniform in all sections as well as showed significant differences in all sections. The result of move-
ment adaptability evaluation showed the highest satisfaction for ‘the top does not ride up’ and ‘dirt do not get in’.
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Fig. 1. Flat sketch of the conventional baseball uniform.
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Table 1. Material properties of conventional baseball uniform and developed

Results of tests

Item oo A PR o C Methods of
Fabric D" abric abric abric testin:
abric (Top)? (Mesh)?” (Quilting)” ¢
. polyester 93.8
Composition(%o) polyester 100 polyester 100 polyester 100 KS K 0210
polyurethan 6.2
Yarn count(D) 163.4 78.6 - - KS K 0415
i wale 73.6 824 69.6 73.2
Density KS K 0512
(N of strand/5.0cm) course  92.4 1472 92.6 97.4
Weight(g/mz) 302.5 280.0 172.4 389.0 KS K 0514
Thickness(mm) 1.00 0.89 0.75 2.51 KS K ISO 5084
Abrasion Resi KS K I
brasion Resistance over 20000 over 20000 over 20000 over 20000 5 K 150
(times) 12947-1
Bursting strength(Kpa) 2200 1030 844 1900 KS K 13938-1
i wale 95.0 95.0 94.0 94.5
Recoverabie extension KS K 0815
(%) course 93.0 932 87.6 84.6
- KS K ISO
Pilling(erade) 45 45 4-5 435 12945-1
Speed of drying(min) 375 335 240 - KS K 0815
i wale 168 144 130 -
Speed of absm:ptlon KS K 0815
(mm-10 min) course 173 161 108 -
Air permeablity(mm/s) 641 378 1370 589 KS K ISO 9237
Color fastness to KS K ISO
washing(grade) 43 5 43 43 105-C06
i i wale -0.5 -0.5 +1.0 -0.5
Dlhmenswn.al ci]hange KS K ISO 2077
in washing(%) course -0.5 +0.5 +1.0 -0.5
Color fastness to light 4 45 45 4 KS K 0701

and perspiration(grade)

— : It is impossible to test in accordance with the characteristics of the fabric
DFabric of conventional baseball uniform, ?Fabric of developed baseball uniform
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<Flat sketch of the pants>
Top: Fabric A(polyester 93.8%, polyurethan 6.2%)
Pants: Fabric D(polyester 100%) and Fabric C(quilting)
Bottom and gusset of the top, pocket of the pants: Fabric B(mesh)

Fig. 2. Flat sketch of the first developed baseball uniform.

o] ko m YE o] BEad AfEFe danA A8
Ricps

27 0] RIS Aol7h WA oA s folFe 1)
9] WERge] YR Wol 98]z Bulsithe ol70] o] U
NE Zo HEE Y 5 UL SHAAT. SN P
o] ) Foiue Fulo] wAER 9w, o] A el A
2R3 oJdo] Wol A T2 Te] A% ol

} kst ojde mEjel] AF BRS Zof ofgA] R

AT ES P ko Qi o]BF B¢ WH 7]
ek Rego] Brhs o)A rib 2EHA Al Fe

so] WE BAlE S0l YW ofRPS T S,

N

& ooff o

34. I{E MA| Y HF X5 vl

2 AFollre AgEe] HeHe dAs, AEFFE A4
371 $18A] o8 AAGA A AP AT (Kim et al,, 2015)
o] A¥ A} A SRR HE X5 dFshs 414, 3
e, BFAC W ok E-S Azl 71E8-S Algo} X
A5E ST AFE] Al A A 71850 -
o 2 AfyPAL(Kim et al, 2015)2] AE 2A} A4S
J3te] oJf, o], YH] 52 doE A3 12 4
P8 AR WY Fol 9AS vkgsle] 23 AEE wE A

Z ot

o

<Flat sketch of the pants>

Top: Fabric A(polyester 93.8%, polyurethan 6.2%)
Pants: Fabric D(polyester 100%) and Fabric C(quilting)
Bottom and gusset of the top, pocket of the pants: Fabric B(mesh)

Fig. 3. Flat sketch of the second developed baseball uniform.
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Table 2. The comparison of product sizes between the conventional baseball uniform and developed baseball uniform (unit: cm)
Conventional Developed .

NO. ftems baseball uniform baseball L]:niform Difference

1 Neck drop 9.5 11.5 +2

2 Neck width 15 17 +2

3 Chest circumference 58x2 57%2 2

4 Waist circumference 55%2 53.5%2 -3

5 Front body length 1 79 75 -4

6 Front body length 2 77 74 -3

7 Back body length 1 84 79 -5

8 Back body length 2 82.5 77 -5.5

9 Bottom circumference 56%2 52x2 -8

10 Sleeve length(neck to cuff) 39 37.5 -3

11 Inside sleeve length 15 13.5 -3

12 Sleeve circumference 27%2 26x2 -2

13 Sleeve opening circumference 21.5x2 21x2 -1

Conventional Developed .
NO. ltems baseball uniform baseball lfniform Difference

1 Waistband height 6.5 5 -1.5
2 Gripper 1.5 35 +2
3 Waist circumference 1(relaxed measurement) 39x2 39%2 0
4 Waist circumference 2(extended measurement) 41x2 41x2 0
5 Hip circumference 57%2 55%2 -4
6 Front rise 56 57 +1
7 Back rise 42 43 +1
8 Outseam 83 72 -11
9 Inseam 107 100 -7
10 Thigh circumference 28x2 27x2 -2
11 Knee circumference 23x2 22x2 -2
12 Leg opening circumference 19x2 16x2 -6

different size between the conventional baseball uniform and developed baseball uniform, circumference: width x 2
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Table 3. Physical characteristics analysis of subjects (N=3)
Item subject 1 subject 2 subject 3 Mean (S.D)
Stature (cm) 177 177.7 176 176.9 (0.85)
Weight (kg) 77 79 73 76.3 (3.06)
Waist circumference (inch) 32 32 32 32 (0.0)
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Table 4. Results of the appearance evaluation (N=36)
Mean (S.D) Wilcoxon
Item
CBU D.B.U Z value
1 The overall design is good ((i ‘617) ((i 783) 37517
2 The overall fit(silhouette) is appropriate 30 3.9 4689
PProp (0.77) (0.52) :
3 The overall ease amount of top is appropriate 26 4.0 4904
P 1S approp (0.93) (0.59) '
4 The ease amount of front interscye breadth is appropriate 29 42 4580
4 pprop (0.93) (0.70) :
5 The ease amount of bust circumference is appropriate 28 41 4629
PPIop (0.95) 0.67) :
To, 6 The ease amount of waist circumference is appropriate 26 36 4295
P PPIop (0.84) 0.72) ‘
7 The ease amount of armhole is appropriate 24 38 45627
Pprop (0.84) (0.62) '
8 The width of sleeve is appropriate 23 41 5110
pprop 0.73) (0.55) :
9 The length of sleeve is appropriate 3.1 40 3882
Pprop (0.83) (0.61) :
. . . 2.5 4.0 ok
10 The amount tucked into the pants is appropriate (0.85) (0.53) -4.688
. . . 2.7 42 ok
11 The ease amount of back interscye breadth is appropriate (0.89) 0.68) -4.725
H M 3.1 3.7 Aokok
1 Th 11 -3.734
e overall design is good 067) 075) 3.73
. . . 3.0 4.0 ok
2 The overall fit(silhouette) is appropriate (0.84) (0.63) -4.472
: . 29 3.8 -
3 The overall ease amount of pants is appropriate (0.69) 071) -4.249
L . . 34 3.8 -
4 The ease amount of waist circumference is appropriate (0.65) 0.64) -2.707
M . 3 3 3.6 AHokok
Th f ’ -2.419
5 The ease amount of abdomen is appropriate (0.69) (0.80)
: 3.0 3.8 -
6 The fi h fort -3.945
e front crotch part is comfo 072) (0.67)
s . . . 3.0 3.5 wo
. 7 The ease amount of thigh circumference is appropriate (0.94) (1.03) -2.056
o 8 The ease amount of waist circumference is appropriate 3.1 338 33377
PProp (0.83 (0.92) ‘
. . . 2 9 3.8 Hokok
9 Th f 1 : -3.84
e ease amount of leg opening is appropriate (0.87) 0.74) 3.848
. . 2.0 4.1 ok
10 The length of -4.749
e length of pants is appropriate (0.88) (0.87)
e . . 29 4.0 wo
11 The ease amount of hip circumference is appropriate (0.80) (0.88) -4.189
. . . . 2.6 3.8 wix
12 The ease amount of thigh circumference is appropriate (0.96) 0.75) -4.042
13 The ease amount of calf circumference is appropriate 30 41 4265
PProp (0.96) (0.79) '
. 2.3 3.8 Aokok
14 The back crotch part is comfort (0.76) 0.77) -4.884

C.B.U.: conventional baseball uniform, D.B.U.: developed baseball uniform

ok

'»<.001

Likert scale: S-point(extremely), 3-point(moderately), 1-point(not at all)
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No. Item
1 |Is the mesh position of the armpit area appropriate?
Top | 2 |Is the mesh position of hem tucked into the pants appropriate?
3 |Is the mesh position of center back appropriate?
4 |Is the mesh position appropriate?
5 |Is the quilting position of knee appropriate?
Pants 6 |Isn't the overall appearance affected by hem design to prevent dirt entering?

7 |Is the back dart position of knee appropriate?

Likert scale: 5-point(extremely), 3-point(moderately), 1-point(not at all)

Fig. 4. Results of the appearance evaluation of additional items.

Table 5. Physical characteristics analysis of subjects N=7)
subject subject subject subject subject subject subject
Item | N 3 4 5 6 7 Mean (S.D)
Stature (cm) 177 177.7 176 176.5 177.5 177.6 178 1773 (0.97)
Weight (kg) 77 79 73 73 73 74 70 74 (3.21)
Waist circumference (inch) 32 32 32 32 32 32 32 32 (0.0)
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Table 6. Results of the appearance and wear sensation evaluation of top N=7)
Mean (S.D) Wilcoxon
Item
CB.U D.B.U Z value
. . . 23 4.6 .
1. The overall fit(silhouette) of top is satisfied. -2.401
(0.49) (0.53)
. . . 3.0 3.7
2. The design of top is satisfied. -1.890
(0.58) (0.49)
. . 3.0 43 «
3. Fabrics of top are satisfied. -1.983
(1.00) (0.76)
. ) 3.1 39 *
4. The color of top is satisfied. -2.236
(0.69) (0.69)
. N . 2.7 4.7 *
5. The wear sensation of top are satisfied. -2.392
(0.76) (0.49)
. . 2.7 44 .
6. The overall ease amount of top is appropriate. -2.414
(0.95) (0.79)
7. Breathability is good during th 23 N 2,003
. Breathability is goo ring the game. -2.
1 15 good during fhe & (0.95) (0.69)
8. Sweat absorption is good during th 24 43 2.049"
. Sweat absorption is good during the game. -2
P & g e & (1.13) (0.76)
. . 2.6 44 X
9. Stretch of top is good during the game. -2.232
(0.79) (0.79)
Top
. . . 34 3.7
10. The neck circumference position is appropriate. -0.557
(0.79) (0.95)
. . . 3.1 4.4
11. The ease amount of front interscye breadth is appropriate. -1.807
(0.90) (0.79)
. . . 2.9 4.0 X
12. The ease amount of bust circumference is appropriate. -2.271
(0.69) (0.58)
L. . . 2.3 44 .
13. The ease amount of waist circumference is appropriate. -2.392
(0.76) (0.79)
. . 2.9 43 *
14. The ease amount of abdomen is appropriate. -2.456
(0.69) (0.49)
. . 3.6 43
15. The ease amount of armhole is appropriate. -1.518
(0.53) (0.76)
. . . 2.9 43 .
16. The width of sleeve is appropriate. -2.060
(1.21) (0.76)
17. The length of sl i iat 30 37 1.890
. The length of sleeve is appropriate. -1.
g PPIOP (1.15) (1.25)
. . . 2.7 4.7 .
18. The amount tucked into the pants is appropriate. -2.226
(0.95) (0.49)
C.B.U.: conventional baseball uniform, D.B.U.: developed baseball uniform
*p5.05, Likert scale: S5-point(extremely), 3-point(moderately), 1-point(not at all)
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Table 7. Results of the appearance and wear sensation evaluation of pants (N=7)
e Mean (S.D) Wilcoxon
CBU D.B.U Z value
. . . 3.0 4.6 x
1. The overall fit(silhouette) of pants is satisfied. (1.15) 053) -2.032
3.1 44 *
2. The design of pants is satisfied. 0.69) 0.79) -2.081
29 4.6 *
3. Fabrics of pants are satisfied. (0.69) 053) -2.264
3.1 39 *
4. The color of pants is satisfied. (0.69) (090) -2.236
. . 2.6 4.7 x
5. The wear sensation of pants are satisfied. (0.79) (049) -2.392
. . 2.7 43 x
6. The overall ease amount of pants is appropriate. a1 (0.76) -2.032
e . 23 49 x
7. Breathability is good during the game. (125) 038) -2.414
.o . 2.4 4.6 x
8. Sweat absorption is good during the game. (0.98) (053) -2.388
. . 2.7 4.6 x
9. Stretch of pants is good during the game. (049) 0.79) -2.333
. . . 33 4.1
Pants 10. Waistband of pants is comfortable during a game. (0.76) (090) -1.511
- e . 3.7 39
11. The waist line position is appropriate. (076) (0.69) -0.272
L . . 33 4.0
12. The ease amount of waist circumference is appropriate. (076) 082) -1.289
. . 3.1 4.0
13. The ease amount of abdomen is appropriate. (0.90) 082) -1.511
. . 3.0 3.7
14. The ease amount of hip is appropriate. (058) 095) -1.890
15. Th tch i fortable not t 11 26 +0 2232°
. The crotch area is comfortable not to pull. 0.79) (058) .
16. Th t of thigh i iat 29 4 2232°
. The ease amount of thigh is appropriate. (107) 053) .
17. The ease amount of knee is appropriate 33 43 1.633
: ppropriate. (0.76) (0.76) :
18. The ease amount of hem is appropriate 26 43 2220
: ppropriate. (1.13) (0.76) '
2.7 44 *
19. The length of pants is appropriate. (L1 0.79) -2414
C.B.U.: conventional baseball uniform, D.B.U.: developed baseball uniform
*p <.05, Likert scale: 5-point(extremely), 3-point(moderately), 1-point(not at all)
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No. Item
1 |Is the mesh position of the armpit area appropriate?
Top | 2 |Is the mesh position of hem tucked into the pants appropriate?
3 |Is the mesh position of center back appropriate?
4 |Is the mesh position appropriate?
Pant 5 |Is the quilting position of knee appropriate?
ants
6 |Isn't the overall appearance affected by hem design to prevent dirt entering?
7 |Is the back dart position of knee appropriate?
Likert scale: 5-point(extremely), 3-point(moderately), 1-point(not at all)
Fig. 5. Results of the appearance and wear sensation evaluation of additional items.
Table 8. Results of movement flexibility assessment N=7)
Mean (S.D) Wilcoxon
Item
CB.U D.B.U Z value
Top doesn't rid 3.1 4.6 5 456"
. Top doesn't ride u 2.
P P (0.69) (0.53)
Rotation of shoulder is comfortabl 33 43 2.070"
. Rotation of shoulder is comfortable. 2.
(0.95) (0.49)
M t with arm i fortabl 37 7 2646
. Movement with arm is comfortable. -2.
(0.49) (0.49)
I . L 2.7 44
Pitching . Rotation of waist is comfortable. -2.401
(0.49) (0.79)
. . 3.1 4.0 *
. Rotation of leg is comfortable. -1.604
(1.07) (0.82)
. 2.7 4.1 «
. Knee bending is comfortable. -1.983
(0.95) (0.69)
. . 29 43 *
. Rotation of ankle is comfortable. -2.041
(0.90) (0.49)
. 29 5.0 «
. Top doesn't ride up -2.388
(1.07) (0.00)
Rotation of shoulder i fortabl 33 46 2.460"
. Rotation of shoulder is comfortable. 2.
(0.76) (0.53)
33 4.6 *
. Movement with arm is comfortable. -2.251
(0.76) (0.53)
Batti Rotation of waist i fortabl 30 43 2.041°
attin, . Rotation of waist is comfortable. -2
¢ (0.58) (0.76)
Rotation of leg is comfortabl 30 40 2156
. Rotation of leg is comfortable. -2.
& (0.58) (0.79)
Knee bending i fortabl 30 40 1.633
. Knee bending is comfortable. -1
¢ (0.82) (1.15)
Rotation of ankle i fortabl 29 44 2232"
. Rotation of ankle is comfortable. 2.
(0.90) (0.53)
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Table 8. Continued N=7)
Mean (S.D) Wilcoxon
Item
CB.U D.B.U Z value
. 3.1 4.7 .
1. Top doesn't ride up. -2.428
(0.69) (0.49)
. . 33 43 *
2. Movement with arm is comfortable. -2.333
(0.76) (0.49)
. . 2.9 4.6 «
3. The crotch area is comfortable not to pull. -2.401
(0.69) (0.53)
Base . . 2.7 43 "
. 4. Tt is comfortable without pressure on the knee. -2.060
running (0.95) (0.95)
. . . 2.7 4.4 *
5. Dirt does not come in through the waist. -2.251
(1.38) (0.79)
. . 2.0 5.0 x
6. Dirt does not come in through the hem(ankle). -2.388
(1.15) (0.00)
. 2.6 4.7 *
7. The hem of pants is comfortable. -2.392
(0.53) (0.49)
. 3.0 5.0 *
1. Top doesn't ride up. -2.456
(0.58) (0.00)
. . 34 4.1
2. Movement with arm is comfortable. -1.667
(0.79) (0.69)
. 3.0 4.4 «
3. The crotch area is comfortable not to pull. -2.232
(0.58) (0.53)
. . 2.7 4.4 *
4. It is comfortable without pressure on the knee. -2.401
(0.49) (0.53)
2.4 4.6 x
5. Knee does not hurt. -2.388
o (0.79) (0.79)
Sliding
. 2.7 4.1 «
6. Thigh does not hurt. -2232
(0.76) (0.90)
. 3.0 4.6 *
7. Hip does not hurt. -2.232
(0.58) (0.79)
. . . 2.6 44 «
8. Dirt does not come in through the waist. -2.232
(0.98) (0.53)
. . 2.1 49 «
9. Dirt does not come in through the hem(ankle). -2.379
(1.07) (0.38)
. 3.1 49 *
10. The hem of pants is comfortable. -2.226
(1.35) (0.38)

C.B.U.: conventional baseball uniform, D.B.U.: developed baseball uniform

p<.01, p<.05
Likert scale: S-point(extremely), 3-point(moderately), 1-point(not at all)
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