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Usability Evaluation of the Touch Keys for the Smart Watch
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The smart watch is the most popular wearable computing device because it takes a form of wristwatch. Many
smart watches have adopted the touch screen interface due to the limited size of display. This paper focuses on
touch key size and spacing that affect the usability about the touch key of smart watch. The experiments were
made for four touch key sizes (widthxheight; 5x5, 5x7, 7x5, 7x7mm) and nine touch key spacing (verticalx
horizontal; 0x0, 0x1, 0x3, 1x0, 1x1, 1x3, 3x0, 3x1, 3x3mm). The completion time, error rate, control discomfort
and identification discomfort were measured. The touch key size 7x7, 7x5 and the touch key spacing 3x3, 1x3
provided the best results in terms of the completion time and the control discomfort, while the square touch key
(7x7, 5x5) provided the best performance for the error rate measure. The result of this study can help ergonomi-

cally design the touch interface of the smart watch.
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Figure 1. Examples of touch keys on smart watch
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(Park and Han, 2007). HX 239 & 7| Ry nfg-2~ 28 ¢
A7 BaskA ¢fal, YEAA o EAAA Aol 9] &84
A A7t Fo 5ol A uf5 A @A ol et A o] ATh(Albins-
son, 2003; Scott and Conzola, 1997). =3+ x| =& A 9] 9
AU B2 7] Abo] 2, 7hA 2 HA| QI o]~ A 84S
< W7A3t7] 4 th(Colle and Hiszem, 2004). <Figure 1> A B&
Hpg} o] AntE YA QA E HA2T8& AHFH o~ HE
Yo E At Stk

ElA] QIHH o] 25 O T o) 23 44 SAZE HA
7] Aol Z, A 7] 79 ZFA©] dth(Colle and Hiszem, 2004;
Pthautha and Priest, 1981). B} | 7] Ato] 29} #HHH 7] & A+
E& A EH 7] 22T (Kiosk)H dF A5 U&7 7](Automa-
tic teller machine; ATM) 2°] & E{X 2 A= 15mm}
20mmUHI 9] B X 718 H A o] HA| 7] Ao] 2 & ARbsta §l
T}(Schedlbauer, 2007; Colle and Hiszem, 2004). ¢+ X 2~ &
of Ao] 27} vl A #-2 mutY S oA g AT A=
A 2] 7] Ao ZE Tmms} 10mme] H A 7] 5 A oketth
(Park and Han, 2010). H4| 7] 2+4& 719 7M4AE & 7@
(Edge-to-edge) &.2 3t= AT < A HH, & HA 23 &
ZBAME HA 7] 140 AdAel o3 23E UEhiA
¥ 9kth(Schedlbauer, 2007; Colle and Hiszem, 2004). 3} 7t 20}
EZ HA 23N Y &L HA 7AE 7] e FE
Aol AFgA o L Y-S FUTHKim et al., 2012).
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Ao, £02 S AEshE BEutY 7)7] A ¢ HA 22
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&3, & 3 &9 &t g A2 BAAAYdA HA
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E1A| 7] A84 3 F3A kel mA = G thste] Fot
Bz gt o] & fste] B 7] Abo] 28 3HA o] oY 5
ANA AFH ZGAA FHAEAITH A&, FIE A
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o B A7 Age AvE YA HA 2T A9 HA 7
AAY 712 ASE &8E AR 7|gHE.
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Table 1. Independent variable
Independent variable Level
Touch key size[mm] 5x5 5x7
(widthxheight) 7x5 Tx7
Touch key spacing[mm] ?ig (l)ii ?i;
(verticalxhorizontal) 3%0 3x1 33

A WA SP% 84 7]
B4 719 Lul 9} Bol2 233
02 39 Y Aol & Tmm
Y3 BA Qe o]z Bd AT
214 Be AL AAEHRL, A
E2 58 449

Aol 28] 22 Smm, TmmE
b 44735(5%35, 5x7, 7%5, TxTmm)
2 7]E9 At EA oA A
oA Ao EA 7] Abo]=
2 2 Aol 2 SmmE AR 2~
e B3 7] A2 & AR S AT AA HAE

20t E QA & 3t 27|7F A7) wE ol 7] & AvtEE
2 2utdd 71719 HA] 7] Bk A& HA 7)7F A 82 AL
2 qgE Aol RAE s 4 Ao 2o thste Yo}
B7] A 2utE A9 SH Ato] 2o A 97 o] FAHEE
st ol gAY E YA st HA 719 Abo] =7} 8x8,
7x7, 66, 55, 4x4, 3x3mm ¥ o] E1X] & o] gk A4 H7}
E ANsta, am e $HAFANY 22 BHE Y4 =
At AHd Bl 2E A3} B4 7] Abo] 27} ZopRof whe}
FHATALE AAA L, 22 BHE HFe St fr
oJ3 Aol & HAt AHA B 2E S kg At T3k SNK
(Student-Newman-Keuls test) AHS2-24] A3} §x8, 77, 6x6, 5x5Smm
o] FYPAT ATt & shte] IF O & YESEIL, 4x4, 3x3mm
o FHAFARLC] 71 pte] IFOE YENT § 2ntE
YA A A B A 7] Ao 27} ZrotA & A o] oA
I 4mm )3t A AHEA o] §AT] FHashE S Felstdth
o|F MR O R AHE YA oA AL S BAStE H4 9 H
A 7] Abo] 27} Smm = WEEte], o] & HIEHOF EJA] 7] Abo]
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A S HHF HA 7] 749 11420, 1, 3mmE 9, of2f
W E 7He] ZHA QL M| 2 7H4 (Vertical spacing) & 3}, - HE He]
A< 7} 2 ZH4 (Horizontal spacing)< Z33F 947F(0%0, 0x1,
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o] 2AJ8kA eb+ Aol i, Ao 7HA Q] 3mme 7] £ ~VEE
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1 HY AT A YlE TN AE SR ImmE A3
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Table 2. Dependent variable

Dependent variable

Completion time

Objective measure
Error rate

Control discomfort

Subjective measure ; ; ;
Identification discomfort
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Table 3. Display size of smart watches
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of FA Aol 93, FA AR F 17744 9] 20LE 914
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<Table 3> A B 19} o] ~ntE §) 2] o 2 &5 313 A
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Figure 2. Display of experimental prototype
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Diagonal size . Number of Number of

. Products (inch)

[inch] manufacturers products
1.20~1.29 Inpulse(1.26), Pebble(1.26), Pebble steel(1.26) 2 3
1.30~1.39 Meta M1(1.31) 1 1
1.40~1.49 Sony LiveView 2(1.42) 1 1
1.50~1.59 Apple(1.5), Omate X(1.54), Qualcomm Toq(1.55) 3 3
1.60~1.69 Sony Smartwatch 2(1.6), Qalaxy Gear(1.63), Gear 2(1.63) 4 7

Gear 2 Neo(1.63), Gear Liver(1.63), G watch(1.65), Apple(1.66)
1.80~1.89 Gear fit(1.83) 1 1
2.00~2.19 Gear S(2.0) 1 1
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Figure 3. Interaction style on smart watch

Jacho Choe - Eui S. Jung

ol 24 guE A7 gusd o

o
EhiA
[
M
1%
o
ol
2
v

31 A#H S

(1) FHLEAIZE

S AT g BAMEA A3} G 4F 0,054 E
A 7] AFO] Z(F(3,45) = 22.722, p < 0.0001)$} E1X] 7] ZHA(F
(8,120) = 8.218, p < 0.0001) FHHTAI el fold Y&
nxow, B4 7] Abe] 29t A 7] b4 Aol WS A8
(24,360) = 1.321, p = 0.142) & 254 A] gt

<Figure 4>l A B vho} o] AT AZH2 HA 7] A
O] 27} 7x7(6.05%), 7x5(6.58%), 5x7(7.01%), 5%5(1.23%) %A1
Z 47 Yehdth BA 7] Ato] 271 ol £ 5 £ EA
Zho] AA Yy, B o] 2 E1X| 7] 5x73} 7x50) A o]
7} 20 AAZE g o] HA 71(5x7)7F vzt 2 AALE g
g9 B2 71(7x5) Bt S Azt AA YERRT B
7] Ato] 2 o B2 Y XTI Aol E Eels}r] 93]
A SNK AHE-E-241-8 A A5 T}, <Figure 4>, <Figure 5> A 2
7re] &atHl(A, B, )2 Atk 1t A7t BAHLZE Ao 7} 9l
& YErH A7 A0l 71 22 OFYS 9w

AFEA A3}, <Figure 4>l A B npe} o] B3] 7] Abo] 2
e A e TgoR Fragen S4es el 1
Figuo ol ] S=uhst Bo] EXUES I8 AL L g0 972 ATE, 15 BIE, 57, 56 CIEE 15
S =2 219 5] ExyiR=1
59 49 ool 28 850 L AA SIACE A 1y o sgag g vAE A ] U de B
A% QAHES A0, AP AA2AL NG ) oo oy et o] A0 Ae woi 2T
FABIES At o2& S4S oto] 4P ZE HH L '
0A2 ATEE Bajod 7|1 2H AT A 43 ol o7} s
At o2& A4S flste] S Jlo] HY S HRHES 5
Atk =3 o2 7h 2yt s A ieke] Al & oA St 5 70
52 ofo] YRR 24 ole] o7 Nzbe] FrEA 2
GTE HGTH Y, MR B AEOE 2ARBAGN JF £ O
2 3A FES GA FYE S L36) A votel mE §
3 AAst AREA7F DA FAHES St B
S 55
5.0
3.4 3%
Touch key size
<Table 4> A R upol o] Z2AF L1250 S A2 A Figure 4. Completion time for touch key size
Table 4. Summary of ANOVA results
Objective measure Subjective measure
Completion time Error rate Control discomfort Identification discomfort
. F(3,45) = 22.722 F(3,45)= 3.855 F(3,45) =121.964 F(3,45) = 116,419
Touch key size p < 0.0001" p = 0.010 p < 0.0001° p < 0.0001°
. F(8,120) = 8.218 F(8,120) = 3. 183 F(8,120) = 7. 802 F(8,120) = 9. 560
Touch key spacing p < 0.0001" p = 0002 p < 0.0001° p < 0.0001°
Touch keyxTouch F(24,360) = 1.321 F(24,360) = 0.820 F(24,360) = 1.331 F(24,360) = 1.345
key spacing p = 0.142 p = 0.713 p = 0.136 p = 0.127

Note) ! Statistically significant at a = 0.05.



Usability Evaluation of the Touch Keys for the Smart Watch 229

7.5

Completion time (sec)

0x0 Ox1 0x3 1Ix0 1x1

1x3  3x0 3x1 3x3
Touch key spacing

Figure 5. Completion time for touch key spacing

B 7] 24 o & Y 4 E A7 <Figure 5> A4 B v}
o} 7o) 3x3(5.782), 1x3(6.13%), 0x3(6.64 %), 1x0(6.80%), 01
(6.80%), 3x1(7.05%), 3x0(7.07%), 1x1(7.08%), 0x0(7.09%) %=
S8 Yepdth ol 1140 AU o FHLEA| ko] 71
#a, 2tAo] gl o FPABAZ] 7HE ATE AE By
o AZEA A HA 7] 144 97kA] el T N9 OF
o & Y=Y 3x3, 1x30) ADEOE e FPAFANTS
eI, U A 144 $EEEBIFoE 8oz 1 ¢
PASA S UENT o] A3 HA 7] 29 114 o] EA)
o FYPLE FIANATE A& Y|

(2) ol &

ol &oll ot EAHEA A, o4
AFO Z(F(3,45) = 3.855, p = 0.010)9} E1A] 7] ZHA(F(8,120) =
3.183, p = 0.002) A& &oll FoF FFE v o, EHA |
Ato] z9} B A] 7] ZHA Abo] 9] W5 AH-8-(F(24,360) = 0.820, p =
0.713)& FroJ3kA] 3.

Z 0.0594 €A 7
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Figure 6. Error rate for touch key size

E1A] 7] Abo] 2o mE of 2] &2 <Figure 6> A B nfe}
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W}, <Figure 6>, <Figure 7> A Z7ke] &abal(A, By AR
4 A3 vgoE Jo 7 Ayt FAHOE o7t )
=& u| gt ARFEA A 7379} 5x57F o B go] W& A
T4, 5¢7, 757 ol g &) 2 BIFS o733, o] A=
ALY e HA 71(7x7, 5x5)& AL E fﬁﬂH E{ 4]
71(7%5, 5x6)°ll HIE) A o 2 &o] Yt A 9w gt
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Figure 7. Error rate for touch key spacing
B X 7] A ol W2 of 2] &-& <Figure 7> A B 1o} 2o]
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AT 02 o2} go] £EBIFES O FT AT
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=7.802, p <0.0001)& 22 BHEO| fo3 YFS n]Hon,
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1.331,p = 0.136) F<J3}A] 34Tt

100

80

Control discomfort (points)

5x5 5x7 7x5 =7
Touch key size

Figure 8. Control discomfort for touch key size
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Figure 9. Control discomfort for touch key spacing

E1%] 7] 2HA o] m} 2 22 £H =& <Figure 9> 4 B nfs}
7ol 3x3(40.8%4), 1x3(42.3% ) 0x3(47.47), 0x1(49.14), 1x0
(51.14), 3x1(51.53), 1x1(51.87), 0x0(51.93), 3x0(53.8%) &
O & Yt AR EA Zé_‘ﬂr B 7] 1t4 9714 28 F
711 IE 02 YHAEH 3x3, 1x39] gﬁ‘:ﬂ‘“ a&°IH

I, UymA 4 FEEL BUE }
1L AHEATY wlE HA &

A 7] Apo] 2ol 1743l Th= i%AHlf‘&Ek

A7y EAE gk E4HEA A 9 5E0
7] AFOI Z(F(3,45) = 116.419, p < 0.0001)%} E1 2] 7]
=9.560, p <0.0001) A7 EHE o3 Y&
E|X] 7] Aol 28} HA| 7] 1H4 Abol] w
1.345, p = 0.127)& fr o] atA] 2ottt

B %] 7] Afo] 2o & 24 BHE M4+ <Figure 10> 4]
B nke} 2] 7x7(34.47), 7x5(39.74), 5x7(41.93), 5%5(61.0
A=A E AR B X 7] Abo] 27} Aol d &5 EHE A7)

0.05°1 4 B A
ZHA(F(8,120)
S m ]x:l 013:]
T 2HE(F(24,360) =

Table 5. Touch key size and spacing rank
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Figure 10. Identification discomfort for touch key size
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Figure 11. Identification discomfort for touch key spacing

Objective measure Subjective measure
Rank Completion time Error rate Control discomfort Identification discomfort
Key size Key spacing Key size Key spacing Key size Key spacing Key size Key spacing
| 7x7 3x3 7x7 0x0 7x7 3x3 7x7 3x3
1x3 5%5 0x3 1x3
1x1
2 75 7x5 7x5 1x3
5x7
3 5x7 0x3 75 5x7 0x3 1x0
5x5 1x0 5x7 0x1 0x3
0x1 1x0 0x1
3x1 3x] 3x0
3x() 1x1 3x1
1x1 0x0 1x1
0x0 3x0 0x0
4 1x3, 3x1 5x5 5x5
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Figure 12. Examples of twelve touch keys on the smart watch
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