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Abstract

The purpose of this study was 1) to determine physical properties, and subjective evaluation of
sensation of sports socks with various type of fiber content and fabric structure, and 2) to develop
regression equations for predicting each sensation from physical properties of socks. Thirty healthy male
students participated in the wear test with ten replications. The ANOVA, Duncan's multiple test, and
multiple regression, and paired—t test were used in the statistical analysis, using an SAS package. The
results of this study are as follows:

1. 100% cotton socks had higher absorbency and wickability among five different socks. Comfort
sensation, tactile sensation and fit sensation of socks were significantly influenced by types of fiber
content, People felt that polypropylene socks were less comfortable & slightly tighter, and cotton socks
were drier than the other socks. Terry socks were warmer than single jersey socks.

2, The results of the regression analysis showed that tactile sensation of socks after exercise can be
predicted from the cube of moisture permeability (R2=0.99), and fit sensation can be predicted from drop
absorbency, moisture permeability, wickabhility in wale and weight(R2=0.98),
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Table 1, Descriptions of Sock Materials
tton 100% A0's/2 '
B 65% cotton/35% nylon 20's/1, 70D/2 plain 2x1 rib 2x1 rib
C 85% acrylic/15% nylon 36's/1, 70D/2 plain 2x1 rib 2%x1 rib
1 55% acrylic/20% e
D(SKI) wool/10% nylon/15% 365, 365 plain 2x1 rib 2x1 rib
polyester 70D/2, 150D
E polypropylene 100% 180D plain 2x1 rib 2x1 rib
No silket cott'on 100% without /2 plain 2x2 rib 2x2 1ib
5 silket treatment 2x2 purl
Silket co.tton 100% with 0s/2 plain 2%x2 rib 2x2 1ib
silket treatment 2x2 purl
Terry 80% cotton,/20% 30's/3 CM, terry terry terry
5 nylon/polyurjthj/ne) (70D/40D)
Single 80% cotton/20% . . .
Je:sgey (nylon/polyurethane) 20s/1 CD/5 plain plain plain
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Table 2, Descriptions of Subjects Participating in Experiment

value Amount of sweat
Age Height(mm) | Weight(kg) | Body surface |po oo(mm)|  secretion during
area(m?) basketball play(g)
Group 1(n=10) 22,08 178,72 76.79 1.93 258,90 0.610
Group 2(n=10) 22.40 176.30 70.52 1.86 271,00 0.545
Group 3(n=10) 23.20 176,20 65,62 1.80 270.00 0.470
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Table 3, Scales of Subjective Evaluation on Various Types of Sensation

Comfort sensation Thermal sensation Wet sensation Tactile sensation Fit sensation at the
welt of socks
1. very comfortable 1. very cold 1. very dry 1. very good 1. very tight
2. comfortable 2. cold 2, dry 2. good 2. slightly tight
3, slightly comfortable 3. cool 3. slightly dry 3. moderate 3. neutral
4, moderate 4, slightly cool 4, neutral 4, bad 4, slightly loose
5. slightly uncomfortable| 5. neutral 5. slightly wet 5. very bad 5. very loose
6. uncomfortable 6. slightly warm 6. wet
7. very uncomfortable 7. warm 7. very wet
8. hot
9, very hot
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Table 4. Physical Properties of Socks with Different Types of Fiber Content

Mean value Types of fiber contents of socks

Physical prop. A B C D E
Dynamic absorbency (%) 587 435 513 327 226
Drop absorbency (sec) 05 3.2 42 3600 3600
Moisture permeability (%) 286 30.0 29.2 29.0 312
Wickahility

wale 6.5 0.0 0.5 0.0 35

course 6.4 10 0.2 0.0 58
Thickness(mm)

F1 114 124 144 140 1.22

F2 136 1.22 140 1.44 1.23

F3 0.81 0.77 1.01 0.83 0.70
Weight of one sock(g) 1943 18,69 20.97 18,01 18.62
Stretch properties

fabric stretch(%) 1933 283.1 180.8 2429 114.3

fabric growth(%) 165.3 944 315 28,6 236
Thermal insulating values(%) 19.6 50.8 55,2 55.2 339
Air permeability (cm?*/cm?/s)

Sole area 180 107 74,25 129 2395
Instep/leg area 2475 1495 114 207 370
Amount of sweat accumulated 249 225 116 138 8.9
in one sock; %(g) {4.83) (421) (2.44) (2.49) (1.66)
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Table 5, Results of ANOVA and Duncan’'s Multiple
Range Test to Determine Difference of
Sensation, according to Type of Fiber

Content
Fiber Before exercise After exercise
tent |ANOVA: Duncan's multiple ANOVA:| Duncan's multiple
p value] range test |p value| range test

Corfort 00001 | E? 5100 | 00001 | Er 5875
sensation Ab | 3850 Ab | 4950
B | 3475 Ce | 4800

C 3375 Bx | 4650

D 3275 D 4475

Thermal 00001 | De 5175 | 07418 | A 6.550
sensation Cd | 5000 E 6,550
B> | 4800 B 652

Ab 4575 D 6375

Ee 3810 C 6.375

Wet 00207 | 4025 | 00722 E 5375
sensation B 4025 C 5125
152 395 A 5125

E | 3700 B 4975

Ab | 3500 D | 485

Tactile 00001 | Er 390 | 00001 | Er 4175
sensation Ab 2.950 AP 357
Bx | 28% B | 3450

Ce | 2625 Cd | 3275

Id 2500 A 3150

Fit 00001 | C 3225 | 00001 | Ae 3550
sensation B 3175 (¢ 3525
A= 3150 B 3475

D 3100 Dr 3.150

Er 2275 Er 2500

Note, In 2 he Jetter, the same letters are not significantly
different. A, B, C letters means different types of socks
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Table 6. Results of Paired—t Test to Compare
Sensations before Exercise with that those
Exercise for Five Different Socks made of
Different Fiber Contents

Fiber p value
Swent | 4 | B | ¢ | D | E

Sensation

Comfort sensation | 0,0001 | 0.0001 | 0.0001 | 0.0001 | 0.0009
Thermal sensation| 0,0001 | 0,0001 | 0,0001 | 0.0001 | 0.0001
Wet sensation 0.0001 | 0.0001 | 0.0001 | 0,0001 | 0.0001
Tactile sensation | 0,0001 | 0,0001 | 0.0001 | 0,0001 | 00596
Fit sensation 0.0005 | 0,0320 { 0.0213 | 0.6433 { 0.0271
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Table 7. Results of ANOVA and Duncan’s Multiple Range Test to Determine the Effect of Fabric Structure
on Each Sensation before Exercise vs after Exercise,

Before exercise After exercise
Sensation ANOVA: Duncan's multiple range test ANOVA: Duncan's multiple range test
p value Grouping mean p vahke Grouping mean

Overall 0.8951 Terry? 33 0.7175 " Terry® 45
comfort Single Jersey® 32 Single Jersey® 42
Thermal 0.0026 Terry? 6.3 0.0070 Terry2 7.7
sensation Single Jersey® 41 Single Jersey? 5.8
Moisture 0.1206 Terry? 42 0.4344 Terry? 5.4
sensation Single Jersey? 34 Single Jersey2 5.1
Tactile 0.0676 Single Jersey2 28 0.2443 Single Jersey? 29
sensation Terry? 1.9 Terry? 24
Fit 0.3434 Single Jerseys 31 0.1773 Single Jersey® 35
sensation Terry? 238 Terry? 30

o) Jgg v e o
Fo8 Qste Al Fo] A4t
Hol gA wrBE Yol FRY ©E Pk 3t
olg pHt=t ul‘ﬁxm R ezgy 59
o F&70 oM s &5 Holle 8%t ¥/15%
g ZHrekd 65% Dfl/ss% YU E ey, &
12 HAgsirEly gk £547] s F
7Y g2 e SR (483g) 100 W ¥
3}

o]

Lo

X,
o
X
e

3 AEE EFAdE e I A
o o7k Azsitel SHEle HERAY F8&7
M9l Ale)lE HYPou &5 o zo)7t fle A
o2 Yehgh
Z7ke] Az YoM Fo] 7MY FL& Y
1 e vl A 588 F
°IT°W A= Duncan #H#8x 7
i%@ B G 3958 vehdo] vmote 717t
= & vERNo] 71 E3he] L ok g eyt
E} o wisle] Fpe] 7Y & YR 85% ot

4/15% L2 i} 65% H/3H% AE Flek
ol AL & F ALY 2T Fo| EFME 7

2

2 Aee ek JEZS FF Fol F23
zko) 7} AueH fabric growth&o) AhE oz )
H100% 9, 8% °ta¥/15% L& FLH 6%
T/35% UdE oFo] thE FTrErt oFzk Y43t

ol e @ AUL REHA ) THE A4S

iaﬁi%ﬂ o];uL_,] c,-r(Table 3 73‘—1-)% —}:711’ 77]
A 7E ALRZ Vet

3) % M £ 7 Ao Hlw

O FHY gl dstd 7R A
737) o 7} 7Hzhe] Ao)rt AEAE HAE 37
f&ted paired—t AFE AASIL 1 AAE
Table 6] EAlsiith BARYE & A=, 100%
WO, 6% /3% UAE Y, 8% °tAE
/15% JEE 4T s 7 HEL % A
&5 F a=001 £ ¢=005 FEAN F93 Zpo)
7b A vebgth 28 27)(55% o3 /209 %
2/10% YL E/15% Z2E) Fde] A4 JE
- EFF gyt Y, EEZE2YA g9

FHe T Aol &% Fu {48 Aolvt

,..o

éﬂ\_

o2 vegth
2. Hi2] 4AD 2
448 B0

Table 7004 B npo} 7ho] ANOVA EAE 2
AN 2AF $FHF BT =001 FEANM 287
Mt Blgjo 4 AR FE 7hel] HeofF Ao)rt
AANZ(p<001), Duncan FFv¥|ZAR A= Hel
ofgtolj Al 2F U @Al e AoZ Jepsth 1
Hu 9E AHES FUHA Rl foe Aol

7F g Ao2 Jepsth

¥ oY ¥
e,

AN S Fay

— 1121 —



22

Table 8, Comparison of Each sensation before
Exercise and after Exercise for both Terry
and Single Jersey Socks

Se . Paired t—test: p value
nsation - -
Terry socks [Single jersey socks

Comfort sensation 0,0002 0.0319
Thermal sensation 0.0067 0.0314

Wet sensation 0.0086 0.0030
Tactile sensation 0.0150 0.5911

Fit sensation 0.5086 0,1039

AR P mEAN Fel7} Aeh, e} ER
Mt 43AA FAS FEA £F A 23 F
o A7 Aole G, AFAA Fel ol
E7r) 2% A% Fol A7k Ye &+ ATk

4| w

Table 9914 Ei ube} o] FAe 7+ 24z}
HEdel 2R AEZAAp<o0) Aty
S FEEA ¥ FEel fols Aozt
AT T BE FFES 4% o7t ginon
$E F9 7 77e AATLFAR BE ol

A7 A 7 39 7 72z viae
Table 8 E}\]%Hi—“-t] a=005 FFor A7},
297 F8EE 25 A Fol HY oA AF

1o
ko)

3-3. A2 U0

39 i o

!

LEBER TR

Sy

Ro.3 viehgrh
3-4. YU FAUN SHOZLE FHH

AUE S5 s 2| H2H R

 AFelMe oI AENS AT
2ol HAHRNA FAASFe FAHFH A
= AAstq HFaoty wHHAE
Table 109} E A&

1) &5 Aol 2479 oSl %
w3 Y B HAFE,
FAE7b vy c&Ege] £2 %%hﬂ .J%
U2 24 R ak: 09622 w9 &2 Hol
TR A 28
FE s =
oAM= dd o

o) £} vl

HII mi
o & oX
tlo oft ok

l~ﬂ

IU

d oz
_‘OI‘I'NOE‘&

kJ
>
x
o
ol
I8
[
off ro L&
£
Iy
e
N
i
tlo
8L
=
o
P
paa
32

¥ 249 A
S %A ANk 4 &
o} JEAE FHste A E

0 ‘r‘

=4 R 3ol

Table 9, Results of ANOVA and Duncan’s Multiple Range Test to Determine the Effect of Silket Treatment
of Socks on Each Sensation before Exercise vs after Exercise

Before exercise After exercise
Sensation ANOVA: Duncan’'s multiple range test ANOVA: Duncan's multiple range test
p value Grouping mean p value Grouping mean

Comfort 0.3434 no sitket? 2.60 0.6044 no silket? 47
sensation silket? 250 silket2 44
Thermal 0.3434 no silket2 390 0.380 no silket? 6.4
sensation silket? 3.70 silketa 56
Moisture 05911 silketa 3.0 0.5554 no silket? 54
sensation no silket? 29 silket? 5.0
Tactile 0.1679 no silket2 24 0.1934 no silket2 34
sensation silket? 2.2 silketa 28
Fit 0.0001 no silket? 32 0.5911 no silket2 34
sensation silket? 32 silket? 33
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Table 10, Regression Models to Predict Each Sensation from Physical Properties of Socks

Regression Models R2(Adj R?) Durbin—Watson D| Variable: p value
BTHRMS=—0.00977(MP)2—0.2299 WICKW + 0,96 191 (MP)2: 0.0009
0.0042 PERMSOLE +13.050 (0.93) WICKW: 0.0019
PERMSOLE: 0.0826
BWETS=—0.1348 WICKW +0.2251 THF3 0.86 1.80 WICKW: 0,0001
+3.8484 (0.81) THF3: 0,0397
AFTACT=0,000129(MP)? 0.99 2.1 (MP)3: 00001
(0.99)
AFFIT=—00002 DABSR—0.1907 MP— 0.98 21 DABS: 00005
0.0350 WICKC—0.0467 WEIGHT +10.1016 (0.97) MP: 0.0041
WICKC: 00135
N WEIGHT: 00007

*Note: Normanclature for variables:

A BTHRMS, BWETS: thermal sensation, wet sensation before basketball play
A AFCOMFT, AFTACTS, AFFIT: overall comfort, tactile sensation, fit sensation after basketball piay

A MP: moisture permeability (%),
A THF3: thickness in the sole(F3) of socks(mm),

A WICKW, WICKC: wickability in wale(cm) A WICKC: wickability in course(cm)

A DABSR: drop absorbency(sec.),
A WEIGHT: weight of one sock(g),

A PERMSOLE: air permeability at the sole area of socks(cm3/cm¥/s)
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