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Investigating Cursor Control Types for Text Entry
on Smartphones

Junyoung Ahn - Kyungdoh Kim

Department of Industrial Engineering, Hongik University

The soft keyboard with touch interaction is universally available on mobile phone, a variety of previous studies
with respect to the soft keyboard on smart devices had been conducted. However, previous studies of cursor
control for text entry on smart devices such as smartphone did not performed. In this study, we compared three
types of cursor controls (Default, 3D touch, Slide) in smartphone using Fitts’ law and C-D ratio. Then we
performed a laboratory experiment with three cursor control types and evaluated using cursor movement time as
a quantitative evaluation and 8 subjective metrics for usability as a qualitative evaluation. Then, we discussed
what types of cursor control showed better performance and subjective satisfaction through their results. From
these results, this study recommended the design guidelines for cursor control on smartphones and developed its

study methods as our contributions.
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7 (Eye-tracking) 712 AH8-3te] 71 &9] WA BTt U3 ¢
A2 9w A olFE FIF 5 L& Cursor Warping 2]
< Aokl T3 Page(2013)= AFFEENA AZE J|H
B9 s H2E 4 WA Sofl A3 AEA Hla AT E
APttt 283 T A, 2 Aoz 7MY 7HE
Wl A 719 Tapping t4l TS A& =7} %-& Drag-and-Type
42 (Drag-and-Tap 4] 3%} Drag-and-Drop %4 9] 2o A=
& 7)HE Eto] 3 WS A k3t tH(Kwon et al., 2014). o] %
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gdzag ygrzyold de AME S&ol= dFE0 o
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Hla A9E B3l B 23d 7| Butd S o4 19
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TE EUE, &F 20fEZS HES S HA23Y &
Ao A9 AX 27 QEH o]~ Ao Aol H e
dlofl 479 9] ¢J 7} A
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A 45 E iPhoneS thAo. 2 13 i’iE}. 2~ntEE 9 B &5
PCY SGAAZHN A A ]Z_, 2 Afr&o] 714 =2 Android
(60. 3ty) AL AN % tg}é}o] 7]& 2 (Long Press and
Drag 4]) &loll Al g & E} Aol EAetA de= &1l

3} TH(Statcounter, 2016). whEkA] 13_ FoN=Theo T A
&0 ¥2105(26.00%) 71 E L2 2 JH%lE} #4) iPhone<]
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78-F, Applel A A g8k A A 22 4] o] 7 7427} 9l o,
o] 9ol = A =3}E](Third Party)7} & F e} 2 A 3-3t= of =g
Alo|dol EAHE Flst At Butd ol A o] 22 W2 AT
% Lai and Hwang(2015)¢] -ellA=, Virtual Touchpad,
Virtual Joystick, Virtual Direction Key] Al 7}A] W4] & o] &3}
of 2ot SA A g 22 ALSA S Flste AP A
BatAct. %A Al 74A B4 %, Virtual Touchpad$} Virtual
Joystick 2] < Eﬂl/\E A 3ol A&t AA o5 A
SA4S v udsE A7 A= QT Virtual Touchpad W82
ElX = fféEHE =& AFER 2AE e Woln, AE
AA 22 879 % 3D TouchS o] &3 ol o} 181
Virtual Joystick 2] & o] ~¥] &go|m thtak 2207 2
et g 2E AM 22 37 ol = Opera Mini 2.2}%-A o) &
gA ool A-EE Slide o] 2tk kAT Virtual Direction
Key W2 9] ¢ #A 20tE E o] 9] 1] 4 E(Feature Phone)
7oA AA o] o] WYY FAolH AA| ~ntE E 8
73 A AHEEA] B o] BE B Ao A= wjAls sl
kA B ol A= iPhoneol A 7] &0l A SIE Default
W2 Virtual Touchpad & El2] 3D Touch ¥4, L83 Virtual
Joystick B e} <) Slide 22 w2 0. 7 2 A 7}A] w2 o] ALE-H
Atk A 22 A of ek 2192 thar ) 2 TH(<Figure 1> ZX).
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(c) Slide (Press & Drag)
Figure 1. Three types of cursor control on iPhone
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49 715 AFshHe L2 B A|(Force Touch)d] &4 71
olgt & 4 AUtk 2 HAE 71719 Y2y oo 22 AlA
£ A &8t AHgATE HaEg ol 7hete ¢E Y A RS T
A3k E7) AESE olE o] 20| ChKrah et al, 2015). 3D
Touch W4 o] &3], A8 A= AXE 7] HE Yol 2 E
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S(Display)= © %713t} mpAle o 2 Opera Mini H.2H$-A
of §AEo 7|RE Y Hx =72 AEHE 8ol & vt
= 24k Slide '$4lo] k. S0l = vf B 2o ~F
I 2 FYE AEE, 71 RE 9o Agsta glof AHEA
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AT E ol T Al 7HA AA 22 B s Hlaetr] 9e]
AP Y3t Ar.
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"J_ A= LEZ A AEAE Y AKX 22t T3
T AARAQ HIHE APt WA AFHQ F}
H 7 *H 1 A ZHMovement time) & =431t o] 5
b2 A AR AR A st A ot A
I%O] %E%J ANRNA 2L HE AeE SAHS
O OS2 AHA WtEE 24 24 Ao g dEs &
3 Mol 3tk A& Lund(2001)2] USE AEA ol 7]uka}
of ZHA o] ¥ 9l oH, 87FA] & E(Usefulness, Perceived Time Re-
duction, Usability, Error Recovery, Ease to Memorize, Learnability,
Fun, Satisfaction)ol] th3}ed 73 Likert scale 2 743} Th.
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F A Y 7 & AT B AT 28 F £ o]
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Table 1. Features of each cursor control type

Type The Cursor Moveable Number of Letters C-D Ratio Relative Sensitivity Feature
Default Unlimited 1 Low
3D Touch Unlimited <1 High Acceleration
i
Slide <20 <1 .
2.4 AE A T B A 7MY AM 22 A Bl A3 E 433k Within-

Ao AHgH APPEZE 3D Touch 2% W o] 7153 7]
712 4712 9] iPhone 657} AH8-5 %101, G A A i0S 9.3 &
7oA FREAT d2E 49 9 #4293 of Aol
A& Slide 22+ 249 Bl 22 =88 913 Opera Mini H.2}%-
A7} AFEE AT 38 A= 470 X (Diagonal; 1,920%1,080 reso-

lution) 2] TV(LG Model number 47LM9600)°]l = o] EHES
HHA H23E FPstAch =& A= " (Machook Air

model number MD760KH/A, OS X EI Capitan) 273 o] /| EU €]
g 9 H3go] 1P om, &2 A o] S E = QuickTime
player7} AH&-5] it
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A 98-S 278t AATE FA ?%"LE} %‘-Er%L pE
o] Bud A FAHE Yeds A S
A3kt Al 7}?‘1 ZA A |

A& gt FAHGESE A

T4 74 B 2ae o3 2o 213 = 3l th(<Figure 2> 3 %),
ez s 5 FAY WSS T uE el A
of Aol SHetACH, 7 22 o gt AE 7 WY
=t

3. 472

40 FE2 T3l F 360719 A4 o5 A3t B 5767) 0] A

28116
© O itisimpossibleolove and bewise. @

79 7K

gwelrit yluilop
alsldlflglh]lilk]!
B z|x|c|v|b|n|m &

-

123 @ space

Figure 2. Three types of cursor control in opera mini browser(each follows (a) Default, (b) 3D Touch
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Aol 23ttt A o] F AT Hlo]H
" S BAste] sENon, A A
pple A2] Final Cut Pro X ol Z&] Al o] A o] AL&-5| At
g 8 YA 60fpsE A stgon #AA
2 1329 (1/60s) BE ZAEHATE T AAX o] F
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7% 222 Wl AEEA QL o] 5 A7k Abo] & &4t
3 ANOVA 2 Tukey HSD test7} =3} E 1t AA o] & Al
2 7 24 A FYPHGE 57) £ FA B 259
B o Z AE At
ANOVA &4 A3 A A AA o]& A7k 3D Touch,
Slide, Default ¥4 =02 A A8% A2 = om A
22 2o tfake] frof gk Ao 7k EAJ3FATHF = 9.975, p <
0.001)(<Table 2> &%), =3k Tukey HSD test 23}, 18 7+ A}
o]+ Default¢} 3D Touch, Default$} Slide ®24}ol 4 ++2l}A)
=% tHp < 0.001; p = 0.015). 3D Touch 4] 2] 7% B4
YA A 7ho] WAt AREH 0 2 W E AA o] Fo] Tbs
7] WEe 7H AA 288 A0E BT B oA
C-D HlE HI T E, Slide ¥4 49 C-D Hl&= 1HT} W&
e ZPAA R @ W 28 g AA o] Fo] 7 A 24
F7F 204 E A FE I o] 2 QI BT £ A SeholE £
Aol W o] Q7o Tha ARto] AAE Ao R Add
T} C-D H|7} Hl 23 =2 Default ¥4 9] ¢ w2 917 =
7H AN AR W] wwe e 7 A Hl & mlA 24 Al
LelMe $9E BYoy, SARY ofF HAA O G
o] AZHE Zfste] ARl o]F Azto] Sold Ao E H
olt}, w3 AHzze AL 7o B3kl Long press
% Dragdhe HA oA E71 O AX YA F4-E 7H]
m ol 4 22 A Q1 v A F 4o W] s Pointing o 2
7 eEhe NE7L B9 A w3 U907 Bt A
O 2 7P 1(Default 4 & T & U A A EHT AA o] F
Aztel o Q2 AE Aolth) & AAH = 207 =gt
o2 Bj2a 53 A 11 5849 A o5 A E
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Z2 w2129 o] AIZkE glstr] Hs] Two-way ANOVA
7 FHEHAG 59 BRES 44 g2 AA o5 AE
7t oH, B4 A4 olF A &AE 5 (1A 2H1
F7H(297h)-31 EA(3LA-1H ER (3744 B0 =S

G2t F &3 F olF Azt tiste], 22 2o ot x}
ol 11 O H(F=2797, p=0.062), 57/ =AE9 B2 9

g Apol = EAstE 20 E B HTHF = 22. 690 p<0.001). &=
@ 27 43} 22 ol 25440] gl A2 =
WTHF = 0,423, p = 0.907). Bl 228} 23 2] o] m2 o] % A
7o) Je) Z = ohg- 7} 2 oh(<Figure 3> 3 Z).
| Control
450 Type
Default
— .
/
o 3501 /
E /
= e
% 3,00 //,4@/
3 @/
= // /
2,00 o /

Task
Figure 3. A plot of movement time(in seconds) as a function of
task and control type

714 o] N7t 2pol o] AR Falsly] &) B AFoAE
o] o] Al Pearson &4 S o]% A
(19, 29, 31, 37, 40)&= 0.2 B2 9] o] = A 7k9] o)
(Default-3D Touch) &} FHAA 7} SI=A] 9pek3 A3, J3A
FR=00012 §94F 00594 FBAA7 feoz =
S THp = 0.322). & Aol A 9] ﬂé A% A2, 3D Touch
2lo] A o]%F A 7toll A Default W4 Bt o] & A5S B

oI, AAA ol Ael W ABBAL B4 BT FAA L
2 %0 BAE kot <Figue ¢ 53] Q¥ 4G &

Table 2. Means for each cursor control type on movement time as dependent variable, along with results for ANOVA and Tukey

HSD tests

Cursor Control Type

Dependent variable - F p-value
Default 3D Touch Slide
3.2 2.7
Movement Time(Unit : s) 2.7 2.9 9.975"" < .001
3.2 2.9

Note) For significant F ratios, bold font indicates which type showed faster movement time.

™ p < .00L
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15 AZhH3 AFEA7} 1A 8 AlZH(Perceived Time Reduc-
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TR 57 Y AKX o]F ARt H OB E B & ALtet
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B o -1& Foto] EA sttt 1 A, R=02480E F9F
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£ 0.0591 4 4#3A 7} A A A

&S Hokth(p < 0.001). &,
Al ol F Ak AHEAL7E QIA B A 7EE A7 9l ot

UL A g RO By
B 8 ATAE 74 AP PHAEe] HEOR £
A4 Bl thsel BHEIT 24 o) ARl F4us

HU

, 4 AX 22 a2 ol tjske] ANOVA 3 Tukey HSD test7}
T A

A4 A, A 7HA 28 A2 BE 87 FEA 9
g ko] 7} AN L. (p < 0.001), A A AA o] F AlZtel gt 2
B9} npR A 2 F3A Q0 H7hol A 3D Touch ¥4 2 Slide
Hpalo] Aubd o 2 =9kS-S Elsk th(<Table 3> =), ©]
T Al OF 2t Aol & 1% A, 3D Touch<= Perceived
Time Reduction, Fun 59l A, Slide:= Usability, Ease to Memo-
rize, Learnability &M FAHCE F3HA =2 ATE

TT mTE

_‘

Table 3. Mean ratings for each cursor control type on 8 dependent variables, along with results for ANOVA and Tukey HSD tests

Cursor control type

Dependent variable - F p-value
Default 3D Touch Slide
3.7 55
Usefulness 55 5.3 69.030 <.001
3.7 53
3.6 5.6
Perceived Time Reduction 5.6 5.0 57.796 <.001
3.6 5.0
39 4.5
Usability 4.5 5.6 45.453 <.001
39 5.6
35 4.8
Error Recovery 4.3 4.8 30.604 <.001
35 4.8
5.1 4.9
Ease to Memorize 4.9 6.2 37.023 <.001
5.1 6.2
48 45
Learnability 45 6.0 44.293 <001
4.8 6.0
2.5 6.0
Fun 6.0 47 149.586 <.001
2.5 4.7
3.7 5.1
Satisfaction 5.1 5.1 36.162 <.001
3.7 5.1

Note) Pairwise Tukey comparisons are shown for each dependent variable. Bold font indicates which type showed significantly higher score for each

pairwise comparison.
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Table 4. Summary of results for multiple regression analysis : stepwise selection of usability factors
Model Usability factor Partial R? Model R? F p-value
1 Error Recovery 782 782 1281.524 <.001
2 Fun .055 837 915.911 <.001
3 Learnability 021 .858 714.678 <.001
4 Usefulness .003 .860 545.929 <.001
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