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S1. Analysis of
smartphone-user interface

S2. Analysis of major grip
postures

S3. Analysis of preferred
ranges for hard keys

S4. Determination of hard

key locations

+ Width

+ Height

+ Thickness
+ Weight

« Width
* Length
+ Handness

+ Walking
+ Standing
« Sitting
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Volume Key
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Hard Key 8% 2|X| M 23

Q S1. Mz mpX| XA o<t

2 cameras
recording
participants hand
from above and
below the hand

Location

# of fingers

=1 150 150 — 150 150
—- 140 140 —- 140 140
T S pE 130 118 mm ~
. 120 1:135) m - —_ 120 120i:l141 mm
87n.mzl]110 = 86 rrm ~ 110 110:—
120 mm 100 - 100 100 =
90 _— 115 mm 920 920 _—
—- 80 _— — 80 80 _—
—- 70 '-_ —- 70 70 -_
—- 60 _— —- 60 60 _—
—- 50 _— —- 50 50 _—
—_ 40 40 : —- 40 40 _—
15 155x 81 x6mm3 5[ 15 155x 81 x6 mm? 5[
—-20 1109 20__ —-20 1109 20__
—: 10 10 :-— —: 10 10 :—
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S2|S3|S4[S5[S6]S7 S42[543| 544|545 Total | Preference %
0 0%
0 0%
0 0%
0 0%
0 0%
1 35 77.8%
C ; 1 1 36 800%
1 1 11 39 86.7%
o 1 1 1 1 1 1 40 88.9%
d Accumulation T K 1 T = 933%
1 1 1 1 1 1 1 1 1 1 44 97.8%
C T a1 ] 11 f 4 97.8%
1 1 1 1 1 1 1 1 1 1 1 45 100.0%
L4-R1 AR EEE vee AN K5 100.0%
C', : A ER R KRR S 1000%
11 6(y Preferred range of AEEEEEEE AR S 1000%
. 0 participantA AEERREEE T [ 45 | 1000%
1 1 1 1 1 1 1 1 1 1 1 45 100.0%
1 1 1 1 1 1 1 1 1 1 1 45 100.0%
AR EEE A K5 100.0%
: 1 1 1 1 1 1 1 1 1 1 1 45 100.0%
Preferred range of AR EERE [HERERE] 5 100.0%
participant B T[] [ERERE 5 1000%
1 1 1 1 1 1 1 1 1 1 1 45 100.0%
1 1 1 1 1 1 1 1 1 1 44 97.8%
H [HERE K 1 iR 95.6%
100% 80% 60% 40% 20% 0% e N ! e
108 | 1 1 1 1 1 39 86.7%
Preference
0 S4. S hard key ¥X|E8 58 Mz & F
. © = nar ey T = 5 vl =
| L3-R1-K1 ¢ L4-R1
82.6% ¢\ 11.9%  Combined (
Preference % | Preference% x GP% Preference% x GP% Combined Preference%
0% 0% 0% 0%
0% 0% 0% 0% Most preferred
0% 0% 0% 0% location
0% 0% 0% 0% (Mode) = 100 mm .
0% 0% 0% 0% )
778% 88% 18.9% 38% 83.3% ¢
80.0% 70.7% 124% 83%
86.7% 76.6% 132% 90%
88.9% 78.6% + 133% 92%
93.3% 82.5% 11.4% 94%
97.8% 86.4% 9.3% 96%
97.8% 864% 9.3% 96%
100.0% 884% 6.5% 95%
100.0% 884% 6.5% 95%
100.0% 88.4% 6.5% 95%
100.0% 884% 6.5% 95%
100.0% 884% 6.5% 95%
100.0% 884% 6.5% 95%
100.0% 88.4% 6.5% 95%
100.0% 884% 6.5% 95% k:
: . : 100% 80% 60% 40% 20% 0%
. . . Preference X
i
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Hard Key 1= 9|X| &M Z1}
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Objectives of the Study

ADI-E

E £ Hard Key?2| 9| X|&

|
2
IR
H1
el
1%

1) 20IEE 37|'8 £[M = ¢4

47|'X| ﬂjl /\EI|-EiO| 3.7|01| |:|:|-E hard key |:|I_|-7_I<E
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ME Hoix}

O n= 70 (left handed: 20; right handed: 50; female: 35; male: 35)
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HIt A& A|E: Hard Key 9%l

H
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™7} LA A 2: Mock-up M| ZE

Q MHEE AZ9| A XS &350 3D printer”?| 29| 47}X| 27| mock-up2 M| Z

—

0 Hard key| A2t 7612 Q{8 42 ADIEEO| hard key £ E2 M E
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Q M3 AL It =l M TEX|XEA| 25 0f| CHSH hard key 2/ K|
> L3-R1-K1: BX|2 7|7| 2HZ X[X[5I12 LZ0|A SHF KbA|
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L3-R1-K1 L4-R1
AlS A7)l |
=7 A S . g X PaN
mock-up &=} 10 min. !“‘_‘— S 7 g
= s Qe
\ 4
Dol HEe A A _ © @ & ® &6 ® O
%7 |' oHd Ll:"l_gl- S min. Me =B oz mE oz BE . g
ot =44 o= o=
\ 4
o X| EH
Hard key "__l E 25 min. 4 devices x 2 postures x 2 hands x 3 locations
Ot= M7}
= o
MNE M2 10 min. 50 min.
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Z1t: 717 A7|%¥ Hard Key 9% Bt &£, 5.0”

d Power key($35

> %43 QX E 71 M3 Middle (4.9) ~ High (4.9) > Low (3.7)
Q Volume key(ZHS)

> |43 QX E 7HE M35 Middle (4.9) > High (4.1) > Low (3.7)

ZEOERD Power Key I[sp Z=HURE Volume Key ISD

f(2, 280) = 44.6, p < 0.001

f(2, 280) = 37.3, p < 0.001

Low Mlddle High Low Mlddle High

Hard key %1% Hard key ?1%|
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Z1t: 717| 27|¥ Hard Key 91%| Bt &£, 5.5”

d Power key($35

> XMz QX E 7HE M3 Middle (4.9) > High (4.6) > Low (3.9)
Q Volume key(ZHS)

> %M X E 7% MS: Middle (4.7) > High (4.0) > Low (3.6)

TEOIFE Power Key TEOIFE Volume Key
! f(2, 280) = 23.9, p < 0.001 ! f(2, 280) = 32.1, p < 0.001
A . . | .
3 3 : :
2 2
1 1
0 . : 0 . .
Low | Migde High Low F Middl : High
Hard key ¢l%]| Hard key 9| %]
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Za}: 7|7] 27| Hard Key $1X| 2H& L, 6.0”

Q Power key($=
> XMz QX E 71 M3 Middle (4.5) > Low (4.3) > High (3.8)
Q Volume key(Z+=S

)
> XMz QX E 71 M3 Middle (4.5) > High (3.7) > Low (3.5)

ZEOERD Power Key EXS i ) Volume Key

f(2, 280) = 14.1, p < 0.001 f(2, 280) = 24.8, p < 0.001

54.5§

4
3
2
1
0 : : 0 5 E

Low g igh Low F Migde igh

Hard key ¢l Hard key ¥l %]
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Za}: 7|17] 27|%¥ Hard Key $X| Tt & &, 6.5”

Q Power key($3&
> XMz /X E 7P M
Q Volume key(ZH)

> Xz X E 7P d

Power Key

f(2, 280) = 18.4, p < 0.001

P44

Low Mlddle 5

Hard key £I%]

% INDUSTRIAL AND MANAGEMENT
V.2 ENGINEERING, POSTECH

High

&: Middle (4.4) > Low (4.0) > High (3.5)

&: Middle (4.2) > High (3.7) > Low (3.4)

Volume Key

7
f2, 280) = 15.8, p < 0.001

6

i - !
[ P42 i

4 ; -

3 : :

2

1

0 : :
Low : Middle : High

Hard key £I%]
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Z 1} ot X| XM Hard Key 91%| B &£, 5.0”

Q Power key($=
> L4-R1: £ M= f|X[ 10 mm &EHS 7t 4=, High (5.1) > Middle (4.6) > Low (3.1)
> L3-R1-K1: F| Mz QIXE 71 MZ, Middle (5.3) > High (4.6) > Low (4.4)
Q Volume key(ZHS)
> L4-R1: 2| M3 X2 71E M=, Middle (4.6) > High (4.4) > Low (3.1)
> L3-R1-K1: x| Mz X E 7HE M3, Middle (5.3) > Low (4.3) > High (3.8)

B L4-R1 ¥ L3-R1-K1 B L4-R1 ¥ L3-R1-K1
f(2, 140) = 60.7, p < 0.001 f(2, 140)— 10.1, p<0001 f(2, 140) = 30.6, p<ooo1 f(2, 140) = 31.3, p < 0.001

Low Middis™* " High sp Low i ' High Tsp
Power key %1% L Volume key 9| %] I

'._'.-1 :'-‘T':'-! INDUSTRIAL AND MANAGEMENT d Ergonomic Design
WO% ENGINEERING, POSTECH 20 Technology Lab




Z 1} utX| XtM|¥E Hard Key $X| §H& &, 5.5”

Q Power key($=
> L4-R1: X[ = £{X] 10 mm HTHE 7t M=, High (4.7) > Middle (4.5) > Low (3.3)
> L3-R1-K1: F| Mz QIX|E 71% M, Middle (5.2) > Low (4.5) > High (4.4)
Q Volume key(ZHS)
> L4-R1: 2| M3 XS 71E M=, Middle (4.4) > High (4.2) > Low (3.0)
> L3-R1-K1: x| Mz X E 7t M=, Middle (5.1) > Low (4.2) > High (3.8)

B L4-R1 ¥ L3-R1-K1 B L4-R1 ¥ L3-R1-K1
f(2, 140) = 28.7, p < 0.001 f(2, 140) =11.2,p<0.001 f(2, 140) = 28.3, p < 0.001 f(2, 140) = 22.7, p < 0.001

Low Middie Hish Tgp Low i Hish Tgp
Power key %1% L Volume key 9| %] I
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Za}: utX| XtM|¥E Hard Key $1%| 2H& £, 6.0”

d Power key($%)

> L4-R1: XM= 9IX|E 7}& M=, Middle (4.2) > High (4.0) > Low (3.6)
> L3-R1-K1: £[4 = 2[X] 10 mm SITHE 71 M=, Low (4.9) > Middle (4.8) > High (3.5)

Q Volume key(ZHS)

> L4-R1: M3 QIX|E 7t%E M=, Middle (4.1) > High (3.7) > Low (2.9)
> L3-R1-K1: F| Mz QIXE 71 MZ, Middle (4.9) > Low (4.2) > High (3.8)

B L4-R1 ¥ L3-R1-K1 B L4-R1 ¥ L3-R1-K1
f(2,140) = 5.6, p = 0.004 f(2, 140) = 36.5, p < 0.001 f(2, 140) = 16.7, p<ooo1 f(2, 140) = 18.1, p < 0.001

Low Middle High Tgp Low Middie High Tgp
Power key %1% L Volume key 9| %] I

@3 INDUSTRIAL AND MANAGEMENT d i it
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Z 1} oiX| XM Hard Key %] 2HE &, 6.5”

d Power key($%)

> L4-R1: M3 9IX|E 71 M=, Middle (4.1) > High (3.8) > Low (3.2)

> L3-R1-K1: 2[4 = 2[X] 10 mm SITHE 71 M=, Low (4.8) > Middle (4.7) > High (3.2)
O Volume key(Et3)

> L4-R1: £|M = IX|E 7}& M=, Middle (3.7) > High (3.6) > Low (2.8)

> L3-R1-K1: x| Mz X E 7HE M=, Middle (4.7) > Low (4.0) > High (3.9)

B L4-R1 ¥ L3-R1-K1 B L4-R1 M L3-R1-K1
f(2, 140) = 10.5, p < 0.001 f(2, 140) = 40.8, p < 0.001 f(2, 140) = 13.2, p < 0.001 f(2, 140) = 10.3, p < 0.001

Low Middle High Tsp Low Middle Hish Tsp
Power key %1% L Volume key 9| %] I
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Discussion (1/4)

O AO0LEZE hard key2| k| = £ E njotslidS
> Chst & 37|, M| &, THX| XhA| 7t D2 &

ol Korean Hand Size ’ :
ale I
» ¢ | L3-R1-K1
% A | A7
Hand length <83mm 83~8mm > \ 1 I | |
[ <33d ] A !\_ 1 | 4 J‘ o
<181 mm \' 2 / 572
"
181 ~ 188 mm Seran,,
> 188 mm »'
. G
$TAmm  74~78mm 78 mm C #
< 166 mm
166 ~ 173 mm
2173 mm
=Iakx o=
FoH USE
. o (—\0 |
o o 1 )
10 0 1
—
100 mm = —
90 mm ” 90 mm — ” | — 9 mﬂ ” B 105 mm ” 108 mm
= 50 — 95 mm 55 96 mm 60 65
135 x 69 mm 145 x 75 mm 155 x 81 mm 165 x 87 mm
1659 180g 195¢ 210g
: — — | —
#=% INDUSTRIAL AND MANAGEMENT
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Discussion (2/4)

Q Volume key2| 4% &2

=
middle $|X| & 7% MSSt= Ao =2 njetE

M L4-R1 [ L3-R1-K1 M L4-R1 [ L3-R1-K1
f2, 140) = 306, p<0001 fi2, 140) 31.3, p <0.001 f2, 140)= 28.3, p<0001 f2, 140) 22.7, p < 0.001
, . o gl
6 6 ‘{ -[ EE T
w w ° 7
i+ R . j
5.0” = 5.5” &
wrs wrs
K, K,
1 1
0 0 e nenene
SD Hish Tsp
Volume key 2| %] I Volume key 2| %] I
M L4-R1 [ L3-R1-K1 M L4-R1 M L3-R1-K1
f2,140)= 16.7, p<ooo1 f2, 140) 181, p <0.001 f2,140)=13.2, p<ooo1 72, 140) 10.3, p <0.001
s i, . R,
6
¢ T
" " |
M4 Mro. ;
6.0” % 6.5" &
wr 3 wr s
K, K
1 1
0 : 0 e annnnne
Middle i High
SD o TsD
Volume key 2| %] I Volume key 2| %] I
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Discussion (3/4)
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Discussion (4/4)
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Future Research
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Q&A

Thank you

for your attention!
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