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Performance of Conductive Gloves When Using Electronic Devices in a Cold Environment
- Manual Dexterity, Usability and Thermoregulatory Responses -
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Abstract: The present study evaluated the manual dexterity and usability of conductive gloves when operating touchscreen
devices in the cold. Twelve male subjects (23.3+1.5 years in age) participated in three experimental conditions: no gloves,
fabric conductive and lambskin conductive gloves. Manual dexterity was tested using both Purdue Peghoard (PP) and ASTM
dexterity tests at an air temperature of 5°C and air humidity of 30%RH. Glove usability was tested through the following
touchscreen tests: tap, double tap, long tab, drag, flick, and multi-touch. The results showed that manual dexterity according
to the PP (2.5 mm of a pin diameter) and ASTM tests (8 mm of a stick diameter) was worse for the two glove conditions
than for the no glove condition (p<.005). PP dexterity was better for the fabric glove condition than for the lambskin glove
condition (p<.05); however, there was no difference in ASTM dexterity between the two glove conditions. Hand and finger
skin temperatures were higher for the glove conditions than the bare hand condition (p<.05), with no differences between
the two glove conditions. The touchscreen usability was the best for the no glove condition, followed by fabric gloves
(p<.05). Wearing either fabric or lambskin gloves diminishes hand dexterity while maintaining hand and finger temperatures
at higher levels. For improved hand dexterity in dealing with small numbers, letters on a touchscreen in cold environments,
we recommend wearing fabric conductive gloves rather than lambskin conductive gloves.
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Table 1. Characteristics of two types of conductive gloves in the present study

Fleece gloves Leather gloves
Model The North Face (ETIP GLOVES) FOWNES brothers (Lambskin Gloves)
+ Shell: 93% polyester, 7% elastane double-knit fleece
. + Palm: 93% polyester, 7% elastane double-knit fleece with + Lambskin
Material . i
UR® Powered Conductive Technology + Cashmere lined
* Four-way stretch fleece
+ Compatibility for using touchscreen technology + Leather gloves consist of five layers: a liner, a leather,
Features + Touch-screen compatible gloves and three coated layers
+ Etip™ functionality works with touchscreen devices - The sheet resistance < 10°Q/sq
Image
Thickness (mm)* 1.93 2.96
Weight (g/cmz) 0.0244 0.0450
Bending stifthess (gfcm)b 0.92 3.00
Thermal property (%)° 46.4 51.9

* KS K ISO 5084 (1996); ® KS K 0539 (1969); © measured by thermophysical property tester.

Table 2. Dexterity tests and touchscreen input test

Test Characteristics of test methods

The Purdue Pegboard test device consists of a cylindrical pin with a cross section of

Purdue Pegboard 10 mm and a length of 100 mm and a pegboard with two holes 20 mm apart. Subjects
dexterity test  picked up the pins one by one and put them from top to bottom on the board. The
completion time of inserting the pins into all holes in the pegboard was measured.

The pegboard was fabricated with a size of 200 x 200 mm like the picture on the right.
Subjects filled the 25-holes pegboard with 25 stainless steel pins which have a diameter
of 9.5 mm and a length of 38 mm, using their dominant hand. The completion time to
fill all holes on the board with pins was recorded in seconds and the smallest unit of
the current study was 0.01 seconds (Kim et al., 2016).

ASTM manual
dexterity test

Six types of touch interaction tasks were used and they consisted of tap,
double tap, long tap, drag, flick, and multi-touch (Jun et al., 2008).
A) Tap: to select an object by rapping it lightly once on the touchscreen.
B) Double Tap: to select an object by rapping it twice quickly on the If L4
. . touchscreen.

Touch interaction . [P
C) Long Tap: to press down on one touch point for a specific time. 4 5) 6)

performance test . .
D) Drag: to select and draw an object. Fiek Up
E) Flick: Fast linear movement in a vertical or horizontal direction or
the movement to diagonal like the picture on the right.
F) Multi-touch: To simultaneously press two or more points on the Flick Left ————  Flick ———— Flick Right
touchscreen and zoom in or out of an object. |
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Fig. 1. An experimental protocol in the present study.



690  SFlFFLFY ESIR] A22F A55., 2020

A%, 17) A A7) A4 WAE 98 & 650 HA

)

2233 9 NFE oA AAEIIT 84 H7HEHTE
24 YA Sre B3R AIRTE A FSAZA 20~308
o2 F 43 SAHEAUL wiHgte g A7) A=A Azt
ARgA] thek Aubgol MEzAF AXEQIT &3 &7
HR-EEE 807 5% A0 R A ZAElo, WNE
T F 3087 508 AlFA SAHEA

RE A3dE Hadd EEHAMean+SD)E A S et Awt
2 SPSS 25.0& ol&3atd FR=ITE Al AP =3 74
= k=g JARANEARM ANOVA)C & 24161313,
gk Aol Holw &l i3] Tukey®] ARFE-Alo] AA|
o} 25°C AT F7elA A ik Aot 5°C A
] Al QolRl kel 2ol Paired T-testZ 753
) AE &5 &1 e 58 e
Bk WFE AnE o8 HES JEE tEive
Friedman test]l 2¥ =7 W)l Wilcoxon 747 (25°Ce+
5°C A1 E43 vlanS o8-8t B A W] A
FAE Spearman®] FHHEAS o] 83Tt BAIZHOE fo
3 FEL p<052 BT

3.1. 7121 AI&: Purdue Pegboard(PP) ¥ ASTM Al&]
25°C A3 A 5°C AL A =¥ PP 71V
A& 3 A3, 715 A 24004 98 Akl 7R A,
S AE A3 27, 3t v 21 eo® AEEUY
(p<.05). 25°C 71 &A H& < #4835 3¢ BHCE
1.6+0.381%1 ¥HA 715 47 2794 BHCE 2.0+0490 2 F
2po)7t AL (p<.001), 5°C 7]
= et (p<05), A=

M= F AzE 7+ 47 A7F ol
AHe 838 A4 BHCE 142038, 71 A7 24 A
BHCE 1 ) ¥l

7oA kg A7kl B AAtkFig. 2, p<.05). 9] 7194 A
e A A5 HWriet BEs A3E AwRET, 5°CRT
25°CollM =3E AlFollM ] =& WL} 71EEHAtHp<01).

A 71 439 BALA 9 Ao 7Y 49 2

-
N
>

[] 25°c

wx B sc

—
(=3
=]

P R |

o«
>
1

*p<.01, **p<.001

Completed time (Sec)
S 3
1 1

4
=]
1

No gloves Fleece Leather

No gloves Fleece Leather
gloves gloves gloves gloves

IPul‘dne Pegboard Dexterity| [ ASTM Dexterity I

Fig. 2. Completed time of Purdue Pegboard (left) and ASTM dexterity
test (right): * indicates the significant difference between 25°C and 5°C;
** indicates the significant difference between fleece and leather
gloves; Wearing no gloves had significant differences with wearing
fleece and leather gloves at each of 25°C and 5°C.

#} 25°C9} 5°C 71 BTN Az R, AE AR VS
A Ae 24 7 oS 2l
QAR 75 A7tEg A& G 2704 o 2 AR v
Serb #EEom, Azt nEhe 2N TP B2 AR
TS AEEAS AN 7 JAY F, W "E B5AP
29 Al 25°Cet 5°C 712 EFOA AR 271 7 feARpt
FEEJS, TIE W FY el Agells 25°C 7]
ARE A= 715 A3 20 7F fRpF 3R ATHEp<05).
‘s ZJolrE 5°C 71204
27t HAtKFig. 3, p<.05). AZF vEE XM=, HE
] el sl 7]2e] v A9
AN, o] g7t vEe =

BT 7180 wel ARA BELoA folEh xjole wBAEA|

22kt

N

=
)
i

ol
N
o
N
Jo

33. =9 H2=H S

EFLL 71 25°CxRA =5 T 15E AANE 49 F8

1o 0

AR A 270 2k Aol g Hod, AR} vg 2] £5

Al

o] 7P Sl 5 AR 270N EFRe] U w3k, A
zds ok

S
ks
P
W
iE
K
-z
¢
i
=
=~ N
)
I~
Jo
o
N
u
o
-9
fr

ko
i
(98]
W
3 £
b F R
>
=3
b
5
i)
3
o
T
r
rlo



AEE H 7] M8 S8 Ay BLGH FE B} - £9] A9 A, Az

*
| - |
> 05
Very good -| 1 “:; 01
Good -
s
2
=
]
'_.'E
Z Neutral -
=
<
«n O 25°C
@ 5°C
Bad
Very bad |
T T T
No gloves Fleece gloves Leather
gloves
(a)
ook
Y—ﬁ
Very d -
e <05
#*4p<.005
Good
=
2
=
S
E Neutral+
= q
<
7 0 25°C
® 5°C
Bad -
Very bad
T T T
No gloves Fleece gloves Leather
gloves
(©
ek
*
| —

. *p<.05
Very good - *ap< 01
= Good |
2
=
g
E Neutral
=
3
»n O 25°C

@ 5C
Bad -
Very bad-

T T T
No gloves Fleece gloves Leather

gloves
(e)

PRSS FHOE - 691

. *p<05
Very good -| £
Good -
s
2
=
S
$ Neutral @
.;‘E Neutral .
«n O25°C
® 5°C
Bad -
|
*
Very bad -
T T T
No gloves Fleece Leather
gloves gloves
(b)
ok ok
l
3 * *»<.05
Very good - T ewepe 005
g Good
3 fod
2 Neutral -
=
<
2] O 250C
® 50C
Bad -
Very bad -
T T T
No gloves Fleece gloves Leather
gloves
*x
*
————— *p<05
Very good- N -’:‘;01
ol
= Good
2
g~}
151
P
.Z Neutral 1
g~}
<
2] O 25°C
@® 5°C
Bad
Very bad-

T T T
No gloves Fleece gloves Leather

gloves
()

Fig. 3. Touch interaction through six motions: (a) tap, (b) double tap, (c) long tap, (d) drag, (e) flick, (f) multi-touch: T indicates the significant difference
between 25°C and 5°C. - Performing touch interaction at 25°C without gloves was significantly different from performing it with fleece and leather

gloves except for B. double tap.

1€ 7+ §o27F gleA, 5°crTE 25°CelA T

= =] p
e EE

E34TH(p<.05).

s

o}u}z uziour onl AP p= XWJ% +4 Eligkds
zlol= AR THTable 3). $M 7 FRFEEeE 5°C =3
Aollgh AR FAAAE Bofx, Evjete] mR4REeL HAl

A AR A Ol A AR (=.629) SEAIZHA



692 B FRIYSIBIR] A2 A5, 20204

40 % 40 7 *% #% p< 01
* * * * p<.05
35 35 I [
*
s «>
- - - .
Q 30 ] O 30 telaslan f[‘
<
3 [ene &
g ! *ea £
& 257 = =« Nogloves 1 I"l-~ & 25
-
- —— Fleece gloves [*%ey. 5
= | I “ee )
é 50 1 = Leather gloves l l £ 5]
B = = = No gloves
—— Fleece gloves
15 15 -| == Leather gloves
25°C,50%RH | 5°C. 30%RH 25°C,50%RH | 5°C. 30%RH |
10 d T T T T T T T T T T T T T 1 10 T T T T T T T T T T T T T T 1
-30 20 -10 0 10 20 30 40 50 -30 20 -10 0 10 20 30 40 50
Time (min) Time (min)
(a) (b)
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gloves and leather gloves.: ** indicates the significant differences between no gloves and fleece gloves.

Table 3. Glove satisfaction and usability and thermal responses

Condition Questions No gloves Fleece gloves Leather gloves  p-value
Pegboard 25°C 3.6(0.9) 2.3(0.9) 1.6(0.9) <.001
dexterity 5°C . . . a 3.1(1.2) 1.9(0.9) 2.0(1.1) 0.004
- Satisfaction with the gloves
ASTM 25°C 4.4(0.8) 3.2(0.8) 2.4(1.3) 0.003
dexterity 5°C 3.5(1.1) 2.7(1.0) 2.7(1.3) N.S.
55C How do you feel in your body now?” —0.4(0.7) —0.3(0,8):: —0.2(0.6)i N.S.
How do your hands feel now?° —-0.1(1.0) 0.3(0.6) 0.3(0.9) N.S.
0 min How do you feel in your body now?” -1.7(1.1) -1.9(1.)™  -1.3(1.4)" N.S.
Thermal at 5°C How do your hands feel now?” —-1.4(1.5) -0.7(09™  —0.4(0.7)" N.S.
sensation 30 min How do you feel in your body now?’ -2.4(1.1) -2.4(0.5) -2.3(1.0) N.S.
at 5°C How do your hands feel now?° =2.7(1.7) -2.3(1.1) -2.3(1.3) N.S.
50 min How do you feel in your body now?” -2.5(0.9) -2.4(0.7) -2.3(0.8) N.S.
at 5°C How do your hands feel now?° -3.0(1.3) -3.0(1.0) -2.3(1.3) N.S.
25°C How do you feel in your body now?” 0.9(1.0) 0.5(1.2) 0.8(0.8) N.S.
How do your hands feel now?" 0.8(1.0) 0.3(1.01) 0.4(1.0) N.S.
0 min How do you feel in your body now?’ -0.2(1.2) 0.3(0.9)° 0.7(1.6) N.S.
Thermal at 5°C How do your hands feel now?® -0.2(1.2) 0.7(0.7)° 0.9(1.3) 0.042
comfort 30 min How do you feel in your body now? 0.6(1.7"  -0.1(1.3) -0.1(1.3)¢ N.S.
at 5°C How do your hands feel now?° -042.4°  -0.6(1.7) -0.9(1.3)¢ N.S.
50 min How do you feel in your body now?” 0.2(1.5° 0.4(1.1) -0.2(1.3) N.S.
at 5°C How do your hands feel now?’ -0.5(1.8°  -0.7(1.8)'  -1.0(1.5) N.S.
How warm were the gloves‘?t - 1.3(1.8) 1.3(2.6) N.S.
How humid were the gloves?® - 0.8(1.3) 1.2(2.0) N.S.
Survey for two gloves after How thermally comfortable were the gloves?h - 1.7(1.6) 0.3(2.2) 0.048
cold exposure .
How well did the gloves fit? - 0.6(1.4) 0.1(2.1) N.S.
How fast was the touch-screen’s response time? - 6.6(2.0) 4.12.1) 0.016

Values indicate means and standard deviations.

#5-point satisfaction: 1 very bad, 2 bad, 3 neutral, 4 good, 5 very good; be. f9—point thermal sensation: 4 very hot, 3 hot, 2 warm, 1 slightly warm, 0 neutral,
-1 slightly cool, -2 cool, -3 cold and -4 very cold,; deh 7-point thermal comfort: 3 very comfortable, 2 comfortable, 1 a little comfortable, 0 neutral,
-1 a little uncomfortable, -2 uncomfortable and -3 very uncomfortable; € 7-point wetness: 3 very wet, 2 wet, 1 a little wet, 0 neutral, -1 a little dry, -
2 dry, -3 very dry; ' 7-point fit: 3 very tight, 2 tight, 1 a little tight, O neutral, -1 a little loose, -2 loose, -3 very loose; ! 10-point response time: 1 no
response to 10 immediate response

N.S. means Not Significant.

*means the significant difference between fleece and leather gloves.

ktmnopaesand Ui dicate the significant difference between the overall body and hand feelings.
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