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PUI 

physical user interface (PUI) 

(Finneran and O Sullivan, 2013; Wobbrock et al., 2008)

hard key
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Hard Key (1/3)

9 hard key 
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Hard Key (2/3)

S1. 

S2. hard key 
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Hard Key (3/3)

S3. hard key 

S4. hard key 
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Hard Key 

/ hard key

hard key 

hard key > hard key (0 ~ 12 mm)

Hard Key
(mm) 61 70 76 89 90 95 98 105 104

Hard Key
(mm) 69 78 80 89 90 96 100 108 116

90
mm

8

hard key 

?



9

Objectives of the Study

1) Hard key :

hard key 

2) hard key :

hard key 

3) hard key :

hard key

mock-up hard key 

Hard Key

10

n =  70 (left-handed: 20; right-handed: 50; female: 35; male: 35)
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4

Mock-ups 135 69 mm
165 g

90 mm 90 mm
95 mm

145 75 mm
180g

96 mm

155 81 mm
195 g

98 mm 100 mm

165 87 mm
210 g

105 mm 108 mm

iPhone 8
138.4 67.3 mm

148 g

Galaxy S5
142 72.5 mm

145 g

iPhone 8+
(158.4 78.1)

Galaxy Mega
167.6 88 mm

199 g

iPhone 8+
158.4 78.1 mm

202 g
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Hard Key 

10 mm

10 mm

10 mm

REC.
- 10 mm

REC.

REC.
+ 10 mm REC.

- 10 mm

REC.

REC.
+ 10 mm
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2 hard key 

R3-L1-K1 & L3-R1-K1: 

R4-L1 & L4-R1: /

L3-R1-K1 L4-R1R3-L1-K1 R4-L1

1

3

1
4

3 1 14
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mock-up 
10 min.

Hard key 4 devices 2 postures 2 hands 3 locations

10 min. 50 min.

5 min.

25 min.

7
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(grip) hard key (key location)

Source df SS MS F p

Key location 2 198.82 99.41 28.62 *< 0.01
Grip 3 84.70 28.23 16.20 *< 0.01
Grip * Key location 6 330.12 55.02 34.78 *< 0.01
Hand length 2 16.81 8.41 1.90 0.16
Hand width 2 8.81 4.41 1.00 0.38
Hand dominance 1 3.98 3.98 0.90 0.35
Key location * Hand length 4 10.29 2.57 0.74 0.57
Key location * Hand width 4 11.66 2.91 0.84 0.50
Key location * Hand dominance 2 2.68 1.34 0.39 0.68

, Right key
Source df SS MS F p

Key location 2 106.53 53.27 11.55 *< 0.01
Grip 3 97.82 32.61 19.85 *< 0.01
Grip * Key location 6 278.05 46.34 33.34 *< 0.01
Hand length 2 11.95 5.97 0.93 0.40
Hand width 2 1.14 0.57 0.09 0.92
Hand dominance 1 3.71 3.71 0.58 0.45
Key location * Hand length 4 3.73 0.93 0.20 0.94
Key location * Hand width 4 1.03 0.26 0.06 0.99
Key location * Hand dominance 2 1.58 0.79 0.17 0.84

, Left key
Source df SS MS F p

Key location 2 163.80 81.90 23.94 *< 0.01
Grip 3 41.69 13.90 10.41 *< 0.01
Grip * Key location 6 289.10 48.18 29.33 *< 0.01
Hand length 2 6.34 3.17 0.51 0.60
Hand width 2 29.06 14.53 2.33 0.11
Hand dominance 1 0.30 0.30 0.05 0.83
Key location * Hand length 4 52.26 13.06 3.82 *0.01
Key location * Hand width 4 2.89 0.72 0.21 0.93
Key location * Hand dominance 2 44.94 22.47 6.57 *< 0.01

, Left key
Source df SS MS F p

Key location 2 150.56 75.28 20.89 *< 0.01
Grip 3 84.73 28.24 18.68 *< 0.01
Grip * Key location 6 287.24 47.87 29.03 *< 0.01
Hand length 2 1.88 0.94 0.16 0.85
Hand width 2 19.61 9.80 1.66 0.20
Hand dominance 1 5.91 5.91 1.00 0.32
Key location * Hand length 4 7.98 1.99 0.55 0.70
Key location * Hand width 4 4.59 1.15 0.32 0.87
Key location * Hand dominance 2 22.50 11.25 3.12 *0.05
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(grip) hard key (key location)

Source df SS MS F p

Key location 2 86.55 43.28 9.50 *< 0.01
Grip 3 44.97 14.99 8.65 *< 0.01
Grip * Key location 6 198.00 33.00 21.82 *< 0.01
Hand length 2 3.58 1.79 0.27 0.77
Hand width 2 3.62 1.81 0.27 0.77
Hand dominance 1 2.61 2.61 0.39 0.54
Key location * Hand length 4 14.42 3.61 0.79 0.53
Key location * Hand width 4 6.20 1.55 0.34 0.85
Key location * Hand dominance 2 12.20 6.10 1.34 0.27

, Right key
Source df SS MS F p

Key location 2 72.47 36.24 10.70 *< 0.01
Grip 3 57.93 19.31 10.14 *< 0.01
Grip * Key location 6 233.90 38.98 22.78 *< 0.01
Hand length 2 13.99 6.99 0.80 0.45
Hand width 2 9.17 4.59 0.52 0.59
Hand dominance 1 0.84 0.84 0.10 0.76
Key location * Hand length 4 2.43 0.61 0.18 0.95
Key location * Hand width 4 7.97 1.99 0.59 0.67
Key location * Hand dominance 2 2.14 1.07 0.32 0.73

, Left key
Source df SS MS F p

Key location 2 106.83 53.42 14.39 *< 0.01
Grip 3 133.17 44.39 31.61 *< 0.01
Grip * Key location 6 206.83 34.47 22.37 *< 0.01
Hand length 2 0.77 0.38 0.05 0.95
Hand width 2 10.98 5.49 0.73 0.48
Hand dominance 1 2.04 2.04 0.27 0.60
Key location * Hand length 4 9.07 2.27 0.61 0.66
Key location * Hand width 4 7.68 1.92 0.52 0.72
Key location * Hand dominance 2 5.70 2.85 0.77 0.47

, Left key
Source df SS MS F p

Key location 2 62.72 31.36 7.81 *< 0.01
Grip 3 139.34 46.45 21.75 *< 0.01
Grip * Key location 6 159.06 26.51 18.04 *< 0.01
Hand length 2 3.76 1.88 0.23 0.80
Hand width 2 2.04 1.02 0.12 0.88
Hand dominance 1 2.33 2.33 0.28 0.60
Key location * Hand length 4 10.39 2.60 0.65 0.63
Key location * Hand width 4 2.07 0.52 0.13 0.97
Key location * Hand dominance 2 26.34 13.17 3.28 *0.04
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F(2, 837) = 44.6, *p < .01
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Right key Left key

Key Location Key Location

b ba b ca b ca b ca

b ca b caa ba b aa

F(2, 837) = 23.9, *p < .01 F(2, 837) = 32.1, *p < .01F(2, 837) = 37.3, *p < .01

F(2, 837) = 14.1, *p < .01 F(2, 837) = 24.8, *p < .01 F(2, 837) = 18.4, *p < .01 F(2, 837) = 15.8, *p < .01
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Right key L4-R1 (3.5 ~ 3.9 )

Left key R4-L1 (3.0 ~ 3.7 )
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Left hand Right hand

4.5
3.7

4.4 4.4

0
1
2
3
4
5
6
7

R3-L1-K1 R4-L1 L3-R1-K1 L4-R1
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Right key

SE

Grip Posture

Left key

SE SE

Right key Left key

SE

Grip Posture Grip Posture Grip Posture

F(3, 836) = 13.7, *p < .01

a a a b a b a a a a a b a b a a

F(3, 836) = 8.9, *p < .01 F(3, 836) = 15.7, *p < .01 F(3, 836) = 15.3, *p < .01
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Left hand Right hand

4.2

3.1

4.4 4.0
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Left hand Right hand

Right key

SE

Left key

SE SE SE

Right key Left key

Grip Posture Grip Posture Grip Posture Grip Posture

a a a b a b a a ab bc a c ab c a b

F(3, 836) = 9.2, *p < .01 F(3, 836) = 23.5, *p < .01 F(3, 836) = 9.4, *p < .01 F(3, 836) = 22.4, *p < .01
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Mock-up vs. 

hard key mock-up hard key 

iPhone 8

138.4 
67.3 mm

135 69
mm

Mockup 1

iPhone 8

138.4 
67.3 mm

135 69
mm

Mockup 1

Galaxy S5

142 
72.5 mm

145 75
mm

Mockup 2

Galaxy S5

142 
72.5 mm

145 75
mm

Mockup 2 iPhone 8 +

158.4 
78.1 
mm

155 81
mm

Mockup 3

iPhone 8 +

158.4 
78.1 
mm

155 81
mm

Mockup 3

Galaxy Mega

167.6 
88 mm

165 87
mm

Mockup 4

Galaxy Mega

167.6 
88 mm

165 87
mm

Mockup 4
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Mock-up vs. 

mock-up right key (p = 0.82)

mock-up left key (p = 0.89)

iPhone 8

138.4 67.3 
mm

135 69
mm

Mockup 1

3.8

4.9 4.9 4.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

F(1, 558) =.05, p = 0.82

Right key

Key Location

iPhone 8

138.4 67.3 
mm

135 69
mm

Mockup 1

3.7

4.9
4.1

4.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Left key

Key Location

F(1, 558) = .02, p = 0.89
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Mock-up vs. 

mock-up right key (p = 0.09)

mock-up left key (p < 0.01)

Galaxy S5

142 
72.5 mm

145 75
mm

Mockup 2

3.9

4.9 4.6
5.1

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Right key

Key Location

F(1, 558) = 3.0, p = 0.09

Galaxy S5

142 
72.5 mm

145 75
mm

Mockup 2

3.6

4.7
4.0 3.6

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Left key

Key Location

F(1, 558) = 6.8, *p < 0.01
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Mock-up vs. 

mock-up right key (p = 0.46)

mock-up left key (p = 0.12)

iPhone 8 +

158.4 
78.1 
mm

155 81
mm

Mockup 3

4.3 4.5
3.8 3.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Right key

Key Location

F(1, 558) = 0.5, p = 0.46

iPhone 8 +

158.4 
78.1 
mm

155 81
mm

Mockup 3

3.5
4.5

3.7 3.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Left key

Key Location

F(1, 558) = 2.4, p = 0.12
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Mock-up vs. 

mock-up right key (p < 0.01)

mock-up left key (p = 0.26)

Galaxy Mega

167.6 
88 mm

165 87
mm

Mockup 4
4.0

4.4
3.5

4.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Right key

Key Location

F(1, 558) = 15.8, *p < 0.01

Galaxy Mega

167.6 
88 mm

165 87
mm

Mockup 4

3.4
4.2

3.7 3.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Left key

Key Location

F(1, 558) = 1.3, p = 0.26
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Discussion (1/4)

hard key 

10 mm
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Discussion (2/4)

Right key L4-R1 left key R4-L1 

load

L4-R1

R4-L1
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Discussion (3/4)

left key mock-up hard key

(mock-up: 4.0, : 3.6; p

< 0.01)

left key 10 mm

Galaxy S5

142 
72.5 mm

145 75
mm

Mockup 2

3.6

4.7
4.0 3.6

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Left key

Key Location

F(1, 558) = 6.8, *p < 0.01
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Discussion (4/4)

right key mock-up hard key

(mock-up: 4.4, : 4.9; p

< 0.01)

right key

Galaxy Mega

167.6 
88 mm

165 87
mm

Mockup 4
4.0

4.4
3.5

4.9

0

1

2

3

4

5

6

7

REC. -10mm REC. REC. +10mm COM.

Right key

Key Location

F(1, 558) = 15.8, *p < 0.01
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Future Research

hard key unintended operation 

Right key left key

Unintended operation

55% 45%
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Q & A

Thank you
for your attention!
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