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QIZHBEH ADIEE pul 9I%| M7 FRA

X E S 2| X|of| 2AE physical user interface (PUI) = £7t2H0]
-/F 9)\% (Finneran and O ' Sullivan, 2013; Wobbrock et al., 2008)

ZHHY 717| hard key= AFEXF M2 THX| XpM| S n2{5t0] H{HE et 2|X|0of EAE <
7

}

> AOFEEO| X[t ZEE ot £2 2 £AF|{Of ohi= o & TX| XhM| = L& ThX| XhA|of

( \ INDUSTRIAL AND MANAGEMENT R et e
ENGINEERING, POSTECH 3 Technology Lab
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Hard Key M3 2|X| 2113

S = rel A L HIT E mxelxs
QY AFLE Sl 97tX| 27| A0LEEO| hard key M2 25 THepet
S1. Analysis of S2. Analysis of major grip S3. Analysis of preferred S4. Determination of hard
smartphone-user interface postures ranges for hard keys key locations
- Width = mm‘ Preferred Range of Volume Key Power Key
» Height Volume Key 2mm 10mm,
- Thickness | S—] ]
* Weight -
« Width
> = Length = =
« Handness | LB-RIKT [ L3-RI-TT
« Walking ) £
l t # * Standing 1] AR R\ L2-R1-K2 Preferred Range of
- Sitting Power Key

3.0" 3.5 4.0" 45" 5.0 5.5" 6.0 6.5" .
(95 x 56) (105 x 57) (115 < 60) (125 x 67) (135 x 69) (145 x 75) (155 x 81) (165 x 87) (175 % 93)
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Hard Key M3 2|%]

Q s1. M3 TpX| XhA) THel

2 cameras
recording
participants hand
from above and
below the hand

Location | Left | Right | Top |Bottom| Front | Back
L) (R) m (B) (F) (K)
#offingers | 3 1 0 0 0 1

mﬂ[]_

T T

—e0 | 60
B El ! 0
4 —« 0
155x 81 x 6 mm3 4 J 155x81x6mm? 4
110g .. 110g 2
o 10
INDUSTRIAL AND MANAGEMENT Ergonomic Design
ENGINEERING, POSTECH 5 Technology Lab
[ [si[sz[s3[sass]s6]s7 [s42]sa3]saa]sae] Total [ preference %
135 0 0%
T34 0 0%
133 0 0%
132 0 0%
131 0 0%
130 1 35 | 718%
129 1 T 3% | 800%
128 1 T K 39 | 861%
- 27 1 K T K 40 | 889%
Accumulation T26] 1 [ 1 K T T e [ e
" EES3 I N N N N R I T[T e [ ore%
= ..90 mm 723 I I I I I O AEE &2 97.8%
[FE] KN EE KR KN ENER K a1 [ & | 1000%
L4-R1 2z [aaaaf1]| e+ [G]a[1[1f a [ 1000%
& [ fafi]i]1 EIENE 5 1000%
1 1 60/ Preferred range of KN EEENENENEN K A [ 45 [ 1000%
0 participant A e[ [ [ [a[a 1] [ ENENE &5 100.0%
H [E1 I K N AT [T %5 | 1000%
mz[ [ [T ] A1) & | 1000%
KK T AT [T & | 1000%
i EEE N I I N N R Al [ 1) a5 | 1000%
Preferred range of 0 R (ENENE 3 100.0%
participant B 2 TR E 1T & 100.0%
H : K B EEENERER K A1) a5 | 1000%
\ [ KN EEERENENER K [ T | orew
H [T K N ENK K 1) e | esex
100% 80% 60% 40% 20% 0% o ! K ! 13 0 | e
08 ] 1 T T 1 i NG
Preference
N P~
0 S4. S hardkey HX|8 +H Mz &=
o d = |
k B
[ L3-R1-K1 L4-R1
| 82.6% 11.9%  Combined (-
Preference %[ Preference® x GP% Preference® « GP% Combined Preferencete »
0% 0% %
0% 0% % Most preferred
% 0% % location
% % % (Mode) = 100mm "
0% 0% % y
TI8% 688% T89% 833% 100 mm
800% 70.7% 124% 90 mm
7% 766% 132%
5a9% 786% 133%
ey Cam ) —0
978% 53%
978% 93%
i 65%
I 65%
I 65%
[ 65%
I 65%
i 65%
I 65%
[ 65% \
. : . 100% 80% 60% 40% 20% 0%
. . . Preference *
) INDUSTRIAL AND MANAGEMENT Ergonomic Design
ENGINEERING, POSTECH 6 Technology Lab
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Hard Key 4135 ¢

Q 7|7] 37|¥ ZH2Z hard key?| 2|1 9IX|E It
> 7171 27|11 = hard key | M = QX[

> 2% hard key 9| > ZtZ hard key |/ X[(0 ~ 12 mm)

5.5" 6.0" 6.5" 7.0"

3.0" 3.5 4.0" 4.5" 5.0"

(95  56) (105 57) (115 x 60) (125 x 67) (138 1 69 (145 x 75) (155  81) (165 < 87) (175 93)
3.0” 3.5 4.0 4.5” 5.0” 5.5” 6.0” 6.5” 7.0”
;f;;rilﬁryn) 61 70 76 89 90 95 98 105 104
;f;;ril’(::’n) 69 78 80 89 90 96 100 108 116
QY s 7 ) S

— 130
—120
::_ 110
————100
90.2% —J90- 90 - 76.5% f?
—_80 80_—
—_70 135 % 69 x 9 mm3, 70_— [ ]
—_60 140g 60_—
;50 50_—
o 40—
——'30 30_—
—_20 20_—
—: 10 ‘IO:—
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Objectives of the Study

AOLEE Hard Key2| ${X|E HSE F4

REC;

1) Hard key $1X|8 =% MIX .
o REJW R p——
ZH AA Xt 2™ et /K| hard key T2 DHE T H| W 24

L3-R1-K1

2) ItX| Xt 8 hard key =X SHE T
LtX| XkM| SOl (2 hard key &2 DHE

1z

HI

3) 482 AOIEE hard key =%} 2HS & H| W
28 ADLE E hard key2t FAFSH | X|0f] 2 A =

mock-up hard key =2 BFEE H| W 24
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—
N HOIX

O n= 70 (left-handed: 20; right-handed: 50; female: 35; male: 35)

O ADIEE ALS 23 >34

Qet=Qlol & 37|(E Ad 20, & HH|) 225 ool 97 AEL= 2F

Korean Hand Size Participants
Male

210
Hand length

<83 mm 83 ~ 87 mm = 87 mm

: e o o

<181 mm

181 ~ 188 mm

=188 mm

N
o
o

[{e}
o

[e ]
o

Hand Length (mm)
3
°
‘o
°

[}
o
® o
e

< 74 mm 74 ~ 78 mm =78 mm

a
o

<166 mm

D
o

60 70 80 90 100
Hand width (mm)

166 ~ 173 mm

=173 mm
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90 mm_

Mock-ups

INDUSTRIAL AND MANAGEMENT
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gLt 211

95 mm

90 mm —

3lH 37| 5.0~6.5", 05" 2t49| & 45

5.5

145 x 75 mm
180g

Galaxy S5
142 x 72.5 mm
145g

%6

98 mm

6.0"

155 x 81 mm
1959

il iPhone 8+
158.4 x 78.1 mm |
2029 I

e/

108 mm

6.5"

165 x 87 mm
210g

ssssssss

Galaxy Mega
167.6 x 88 mm
199 g
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REC!

+ 10 mm
10mmI

REC.

REC.
=10 mm
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TpX] KiA|

Ol A Dot el M= TX|AHN| 28 & 2&10 LEL 2 2 LHX|SEL hard key

> R3-L1-K1 & L3-R1-K1: X2 7|7| SHE X[X[SI1D YZ M SHE KA

> R4-L1 & L4-R1: 77| ZtZ/LF0| Y| £7t2H0| IX|SI=E LFZ M SHF KA
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L3-R1-K1 LRt

10 min.

72 C5NA
/

e )

SN TN

L bt Al _ P @ @ @ 6 ® ~
87 38 M=ot Smin. oy ah ws oeaoas ge 78 0= 87
=0 20 oz EEs
Hard key ®|%X|E . . _
TE Y 7|_ 25 min. 4 devices x 2 postures x 2 hands x 3 locations
- o
A B 10 min. 50 min.
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ANOVA Table: 5.0” & 5.5”

Q IZFX] X}Ml(grip)2t hard key 2| Xl(key location)2| @2F0| MEIH o 2 Fo|gt
5.0", Right key 5.0, Left key
Source df SS MS F p Source df SS MS F P
Key location 2| 198.82| 99.41| 28.62|*<0.01 Key location 2| 163.80| 81.90| 23.94|*<0.01
Grip 3| 84.70| 28.23| 16.20| *<0.01 Grip 3| 41.69| 13.90| 10.41|*<0.01
Grip * Key location 6| 330.12| 55.02| 34.78|*<0.01 Grip * Key location 6| 289.10| 48.18| 29.33| *<0.01
Hand length 2| 16.81 8.41 1.90 0.16 Hand length 2 6.34 3.17 0.51 0.60
Hand width 2 8.81 4.41 1.00 0.38 Hand width 2| 29.06| 14.53 2.33 0.11
Hand dominance 1 3.98 3.98 0.90 0.35 Hand dominance 1 0.30 0.30 0.05 0.83
Key location * Hand length 4 10.29 2.57 0.74 0.57 Key location * Hand length 4| 52.26| 13.06 3.82 *0.01
Key location * Hand width 4| 11.66 2.91 0.84 0.50 Key location * Hand width 4 2.89 0.72 0.21 0.93
Key location * Hand dominance 2 2.68 1.34 0.39 0.68 Key location * Hand dominance 2| 44.94| 2247 6.57| *< 0.01
5.5", Right key 5.5, Left key
Source df SS MS F P Source df SS MS F P

Key location 2| 106.53| 53.27| 11.55|*<0.01 Key location 2| 150.56| 75.28| 20.89|*<0.01
Grip 3| 97.82| 32.61| 19.85|*<0.01 Grip 3| 84.73| 28.24| 18.68| *<0.01
Grip * Key location 6| 278.05| 46.34| 33.34|*<0.01 Grip * Key location 6| 287.24| 47.87| 29.03| *<0.01
Hand length 2| 11.95 5.97 0.93 0.40 Hand length 2 1.88 0.94 0.16 0.85
Hand width 2 1.14 0.57 0.09 0.92 Hand width 2| 19.61 9.80 1.66 0.20
Hand dominance 1 3.71 3.71 0.58 0.45 Hand dominance 1 5.91 5.91 1.00 0.32
Key location * Hand length 4 3.73 0.93 0.20 0.94 Key location * Hand length 4 7.98 1.99 0.55 0.70
Key location * Hand width 4 1.03 0.26 0.06 0.99 Key location * Hand width 4 4.59 1.15 0.32 0.87
Key location * Hand dominance 2 1.58 0.79 0.17 0.84 Key location * Hand dominance 2| 2250 11.25 3.12| *0.05

{’” "‘,\_ INDUSTRIAL AND MANAGEMENT
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ANOVA Table: 6.0” & 6.5”

Q mHX| XEAM|(grip)2t hard key 2| Xl(key location)2| @20 HMEIH o =2 [ O[Tt
6.0", Right key 6.07, Left key
Source df SS MS F p Source df SS MS F P
Key location 2| 86.55| 43.28 9.50( *< 0.01 Key location 2| 106.83| 53.42| 14.39|*<0.01
Grip 3| 44.97| 14.99 8.65| *< 0.01 Grip 3| 133.17| 44.39| 31.61|*<0.01
Grip * Key location 6| 198.00( 33.00| 21.82|*<0.01 Grip * Key location 6| 206.83| 34.47| 22.37|*<0.01
Hand length 2 3.58 1.79 0.27 0.77 Hand length 2 0.77 0.38 0.05 0.95
Hand width 2 3.62 1.81 0.27 0.77 Hand width 2| 10.98 5.49 0.73 0.48
Hand dominance 1 2.61 2.61 0.39 0.54 Hand dominance 1 2.04 2.04 0.27 0.60
Key location * Hand length 4| 1442 3.61 0.79 0.53 Key location * Hand length 4 9.07 2.27 0.61 0.66
Key location * Hand width 4 6.20 1.55 0.34 0.85 Key location * Hand width 4 7.68 1.92 0.52 0.72
Key location * Hand dominance 2| 12.20 6.10 1.34 0.27 Key location * Hand dominance 2 5.70 2.85 0.77 0.47
6.5", Right key 6.5”, Left key
Source df SS MS F p Source df SS MS F P

Key location 2| 7247 36.24| 10.70| *<0.01 Key location 2| 62.72| 31.36 7.81|*<0.01
Grip 3| 57.93| 19.31| 10.14|*<0.01 Grip 3| 139.34| 46.45| 21.75|*<0.01
Grip * Key location 6| 233.90| 38.98| 22.78|*<0.01 Grip * Key location 6| 159.06| 26.51| 18.04|*<0.01
Hand length 2| 13.99 6.99 0.80 0.45 Hand length 2 3.76 1.88 0.23 0.80
Hand width 2 9.17 4.59 0.52 0.59 Hand width 2 2.04 1.02 0.12 0.88
Hand dominance 1 0.84 0.84 0.10 0.76 Hand dominance 1 2.33 2.33 0.28 0.60
Key location * Hand length 4 2.43 0.61 0.18 0.95 Key location * Hand length 4| 10.39 2.60 0.65 0.63
Key location * Hand width 4 7.97 1.99 0.59 0.67 Key location * Hand width 4 2.07 0.52 0.13 0.97
Key location * Hand dominance 2 2.14 1.07 0.32 0.73 Key location * Hand dominance 2| 26.34| 13.17 3.28| *0.04

("’ “2,\_ INDUSTRIAL AND MANAGEMENT
2% ENGINEERING, POSTECH
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» ” = Ad x
Q3tH 37| 5.0'~6.5 7|7| 25 A7 =H hard key 21X17} 7} & M=
5 0”
Right key Left key
UFE HEE o=
meosy , F(2.837)=446,"p<.01 pgou=zy . F(2 837)=37.3,"p<.01 o oz 7
ISse Ise
BEG | eerrseeseeeeeatn L S opx
6 4.9 49 6 4.9 6
o2t ot 5 = o2t 0t 5 41 o2t tE 5
wE 4 3f 2E 4 3; E wE4
ot e 3 oRtE 3 oftEt 3
202 202 202
0je 2ot 4 a b b e =0t 9 a b c s 281
0 0 0
REC. - REC. REC.
10mMm  Gessssssssat +10mm
Key Location Key Location
6 Ou
Right key Left key
UEe NEE UE
e grx 7 F(2,837) =14.1, *p < .01 0 ots 7 F(2, 837) =24.8, *p<.01 LENIE4
E'é 6 ISE nlié? 6 ------------ ISE 826
eE5 | 43 o0t 5 4.5 o2t Bt 5
254 = Sf w54 | 35 5! =54
oz ot 3 anzws [ otz g2t3
02 202 202
oj2 28t q a a b | we=21 a b a o2 2ot
0 0 0 0 H 0
REC.- : REC. REC. REC.- : REC. i REC.
10mm  Seesesseesdd +10mm 10mm  Zesssseeest +10mm
o Key Location Key Location
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£(4.2 ~ 4.9%)

Right key Left key
= UFE
F(2,837)=239,"p<.01  pou=y F(2, 837) = 32.1, *p <.01
........... . Ise [IEY Ise
49 i 46 ozt eis s 4.7 ‘0
39 = wsq | 36 .
ozt 203
202
< =0
a b c| ™=l a b c
: 0 :

REC.- ! REC. REC. REC.- : REC. REC.
10mm  essssssssst +10mm 10mm  Gesssssssest +10mm
Key Location Key Location

6 511
Right key Left key
= MHET
F(2, 837) =18.4, *p < .01 PEYIET F(2,837) =15.8, *p < .01
Ise 8% 6 Ise
4.0 4.4 opztatE 5 4.2 37
3 3.5 254 3.4 -
gy [T
202
220
a b c| ™=l a b c
* 0 0
REC.- : REC. REC. REC.- : REC. REC.
10mm  Teeeeeeessst +10mm 10mm  Seeseeeeesst +10mm
Key Location . Key Location
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5.5”

Right key Left key Right key
UFE NHEE HEE Pl
neozs 7 , F(3,836)=13.7,*p<.01 e Bhs 7 F(3, 836) = 8.9, *p < .01 neesy , F(3,836) =157, *p <.01 PETES
o5 g Ise Wz g Ise s g Ise wzg
spasg |47 47 A8 e pnag |45 e 44 44 quuzg | 46 46 48 s opaag
wE 4 o wE 4 137 wE 4 137 BE4
ozt 2ot 3 Poonmng o7t 203 Poonmng
EL) Poo=w2 i 202 L)
Ul 2ot 1 Do me o =0t { Do =
o L2l la] |a bl: o L2 bl: |a] |a o Lal la |a b|: o
R3-L1-K1 R4-L1 |L3-R1-K1 E H R3-L1-| K‘\ R4-L1 :[L3-R1-K1 L4-R1 R3-L1-K1 R4-L1 |L3-R1-I K1 L4-R1
Left hand Right hand Left ha'n'd' e Right hand Left hand Right pand” "
Grip Posture Grip Posture Grip Posture
” )
Right key 6.0 Left key Right key 6.5
UFE UHEE HEE ot
wewsy , F(3,836) =92 %p<.01 sewsy , F(3, 836)=23.5 *p<.01 gemzy , F(3, 836)=9.4,"p<.01 o Bz 7
EN Ise R Ise EET Ise N
o7t Bt 4.5 ¢ttt Tooztorn o7t Btz . Tooztars
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HE 4 Lt HE 4 iaqi XY 135 854
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=01 9 P ommg i =010 =010
e =0t q Pooje o q : o2 20t R EELE
0 a a a b|: 0 a bl: |a a 0 abl |b a cl: 0
R3-L1-K1 R4-L1 |L3-R1-K1 E L4-R1 E R3-L1-I K1 R4-L1 3 L3-R1-K1 L4-R1 R3-L1-K1 R4-L1 |L3-R1-K1 E L4-R1
Left hand Right hand Left hand Right hand Left hand Right hand
Grip Posture Grip Posture Grip Posture

[f 7t 7}& H| M S El (3.5 ~ 3.9H)

Fg W7t 7HE i M S E (3.0 ~ 3.77H)

Left key
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F(3, 836) = 15.3, *p <.01
ISE

43

a

R3-L1-K1 E R4-L1

bl:la| |a

L3-R1-K1 L4-R1
Lefthand Right hand
Grip Posture

Left key

H

F(3, 836) = 22.4, *p < .01

Ise

a b

L3-R1-K1 L4-R1
Left hand Right hand
Grip Posture
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Mockup 1 } iPhone 8

5 0" 4 7”

135 x 69 138.4 x
mm 67.3 mm

o
7

Mockup 1 iPhone 8

I 5.0" 4.7”
135 x 69 138.4 x
mm 67.3 mm
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Mock-up vs. & & HE

/'— pr—
Mocku;’)’ 2 i Galaxy S5
55 [0 || 51
145 x 75 142 «
mm 72.5 mm
A i
E M(\,):_;:kg;’)’ 2 ‘ Galaxy S5
. 5.17
145 x 75 142 «
mm 72.5 mm
it

Mockup 3 iPhone 8 +
6.0 55"
155 x 81 158.4 x
mm 781
mm
a o A
 Mockup 3 iPhone 8 +
-1 6.07 55"
155 x 81 158.4 x
mm 781
mm
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0O 48 HE2| hard key $1X|2t FAFSH mock-up2| hard key $1X[0f CHoH M= =
A =4

u
g m
ocku alaxy Mega
Mockup 4 Galaxy Meg
6.5” 6.3”
165 x 87 167.6 x
mm 88 mm
|
L] ockup | alaxy Mega
Mockup 4 Gal M
6.5” ”
165 x 87 167.6 x
mm 88 mm
|
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Mock-up vs.

o JLLY ]
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48 HE:5.0”

20

— . N o
Q &8 X Z1 mock-up right key2| =2 BHEZ 0 {22t X}0| 7t 1S (p = 0.82)
— = o
O &8 M Z 1 mock-up left key2| =& BHZE0Of { 2|5 X0 7} 2 (p = 0.89)
( ) 7 ) L Right key
N 0wz g F(1,558) =.05, p = 0.82
Mockup 1 iPhone 8 . gz w5
5.01: 4-7" us 4 4.9 49
135 x 69 138.4 x 67.3 o 0l 3 38
mm mm
291 2
e et 1
0
=~ REC. -10mm REC. REC. +10mm com.
\ ) N Key Location
( ) . ) UEE
| e bz 7 Left key
as 6 F(1,558) = .02, p = 0.89
Mockup 1 m iPhone 8 oz 5 [ |
5.0 4.7 v 49
| 135x60 138.4 x 67.3 ot 3 3.7 4.1
mm mm
202
o 2ot 1
0
) REC. -10mm REC. REC. +10mm VCOM.
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Mock-up vs. && X|Z: 5.5”

I 0RO F2lgh A+O|7F @12 (p = 0.09)
| mock-up left key2| &t OHE £ 0f §2|$t X}0| 7} 9 -2(p < 0.01)
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a 46
3.9
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]
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1 Right key
F(1,558) =0.5, p=0.46
1
4.3 4.5
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Q&A

Thank you

for your attention!

29




	스마트폰 Hard key의 위치별 조작 만족도 분석

