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ABSTRACT

Objective: This study focuses on the effects of pre-cues informing the location of upcoming visual stimulus on finger

movement response in the context of control-on-display interfaces. Background: Previous research on pre-cues focus on

attention allocation and motion studies were limited to indirect control conditions. The design of this study aimed to collect

data on the exact landing point for finger-tap responses to a given visual stimulus. Method: Controlled visual stimuli and

tasks were presented on a Ul evaluation system built using mobile web standards; response accuracy and response time
were measured and collected as appropriate. Among the 16 recruited participants, 11 completed the experiment. Results:

Providing pre-cue on the location of stimulus affected response time and response accuracy. The response bias, which is a

distance from the center of stimulus to the finger-tap location, was larger when the pre-cue was given during a one-handed

operation. Conclusion: Given a pre-cue, response time decreases, but with accuracy penalized. Application: In designing

touch-screen Ul's - more strictly, visual components also acting as controllers - designers would do well to balance human

perceptual and cognitive characteristics strategically.
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1. Introduction
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£ Asteliof 7] wiitel E7pusAl sk Aolth

olyet B&g sy s A oRE 7= indirect
control (R EZ A Fsh= gAaZgolst 228 93t HEE

212 T4)) oA control—on—display 9] EIX]AT™

o] & AME 1 It} (Altinsoy et al., 2009; Gartner Inc.,

2010).
Control—on—display, &, E|XAIHE AFE-3 <lE
HlolAs Az Aol AH AEES FEshy] ulEel

H

information processing?] ©AI7} Fol50], AH Ao
(Pickering, 1986) Z¥#2¢1(Sun et al., 2007; Jin et al.,
2007) & 7hssbA sk el EeE tAaEdo]-
AEZD MEZE AFE-3t indirect control< spatial stimulus
response compatibility S 27-3R= Wb (Fitts and Seeger,
1953), BHAAIHE A}E3F control—on—display <IE
HolAE A=} RjESo] 22 $A| oA A wlite
S—R coding ensemble ZH N4 83t} (Fitts, 1959,
Kornblum et al., 199014 A1),

olggt Elx|QIEFo| A9 st 7|E AFES HE(H
%]71) 2] Ato]=2} 91X] (Park et al., 2010; Sun et al., 2007;
Parhi et al., 2006), A%} QIEj#|o] A #olol, K. {1E,
w5 A4 (Balagtas—Fernandex et al., 2009), Tj2AZ#
o] Aol=(Koskela et al., 2004) 2] &35 #sll o,
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E A1 A=l tigh 1zt
AFe, 58 T ThFSt FokelA thRoA Sk, At
A A (precue) 7t AT HEGel A& FEF JA| T
ATTA F2] shvolct. AAE EE]F A=l EH*‘OF A
G917 WS Q78hE FAlelA, AR ©A7} AR s
& Algto] Wher|= 212 UnkAo® Azl /‘Va‘o]‘ﬂr(Bock
& Eversheim, 2000). 17252 28 gt AR ©hA 2] o
o] A& A Z/AAshH= WA (stimulus identification)
oA vehths aHRIA, RS AEste @A (response
selection) oAl YElU= &3Q1%], 183 55 A3s)
+ Wl (response execution) A& oW et FEF& F==A o
gjste] vkt A3 A7E B3l A3t Goodman &
Kelso, 1980; Buckolz, et al., 1994; Gottsdanker, 1992;
Cheal & Lyon, 1991; Schellekens & Kalverboer, 1986;
Bock & Eversheim, 2000; Becker, 2008).

AP whAle dist A= T 209 FRHEA] Q] Wi
A ARE g ity A /\P‘* WA 7F =0 A 214w
A W Hkg A8 Al 2 JEF did AT, AR
Tl 9 1 9Es ﬁ”éovl et AE Aol A HIHE]
t}Fo4 gktt(Dosher & Lu, 2000; Buckolz, et al., 1994;
Cheal & Lyon, 1991). ©] i£ote] A7& ARl DA 57
W2, 7D, AA S &S s Fh3 5 AR &
Aeb EA=e] A gE, AR @Al el ExP= Ate] o] ARk
2+ %), AA 91X (center versus peripheral) & Al'd&}Al
WA 71 AP ©hAe] adE AJdsiAl ety 1 JFF
S 24319tk Becker (2008) &+ AR w9l AlFo] F2
E FEste] AYFE AMESto] EAlSS A=t &
QFE AlZre] @&F Itk ¥rdk 1, Buckolz, et al.
(1994) 7} Cheal & Lyon(1991) 2] & AR w7
W A]oF(paraperipheral) o] AAJE A-¢- 2 E37F ] & A
< BEEl, A7 ARE fovea$) parafovea’} HEAOFE
A& 7FsAS AXEHITE Bock & Eversheim (2000) &=
EA59] AAE AR gElFE AR @A St g
¥ (representation) A2 e 2838}, vhg AHo]
v 9hE A= Faeitta Bkl

shd, &2 ATl E BB T2 1) 9 A3 dhAof
AR TR A7 m R = ko] 2 @ E vk B8] A=l
ek W18 W2s WHEAITIHA 52 ), s 9 Ao] #)
goll A AR &9 JEFE rEstaat sk3itE Goodman
& Kelso(1980) & W5 4= A7) (FFolE A
), Wk, 283 2T, 93 Y Ay T Al 2919

of Whgo] ThE A= e,

zgow TSl Z2te) Zel tit A BAle] 9
Aigosm, i B2 1) gloiA, 7t e Aels
7] 9% MEe) EzAzvh EATE FEstdth 1

o .

Schellekens & Kalverboer (1986)-2 A28 02 AA]
AR DA E AEEhE S WS & Ao S
] o]—.‘:x;},J_ l?]_.LO]'Oﬂq

olAH AFA ©A= A7 Q1A B2 3 Hnbel] HA 1
GgFo] AFHo] gk, o] A= U A=o| display
o AIA=™ controller (2 button®. 2 AAIE) & A3
o] W& =43 FEY indirect control FAS AL
stal Qict whEhA] 2 At A= APARRA7) control—on—
display Z7ACS.Z A|A| ﬂ—or 1 AZHE AR RS B&
of mX&= AAHARN S AF R gtk E8] o] A
TolME= 7Edo® S ojeld vk w2k e
(W3- A3 & St ke AR $0 AR} g

2. Method

taZeolod HES T2 Y2 dPHA A=—
S BAIZA A= (stimul) o] EZ A £A4do] A
(sensation) ¥ 11, ZAH x}=Fo] 44 Ao 2| ZH(per—
ception) ® ¥, Q75= AMAA (decision) & AAH ¥HE-
(response) = 23 (execution) 3FcH(Wickens, 1984). &
ATelME Fd ARV B A7 ASS B RS
e 7HES F3el SlolAl, AP A (precue) 8] EAfof 7
S AJZF(response time) 3 &L o] W3S MK

% o

E

2.1 Task design

Ao AMEE A= A7 AFe] Edstd 1 Al A}
=5 FEE o WS Ao, 7)F reaction time 9

(Neubauer et al., 1997; Bates & Stough, 1998; Deary et
al.,, 200D °lA = A}t 'Jenson box'(Deary et al.,
2001; Jensen & Munro, 1979) & Hlgo2 & Ao ot
Al A She] tasks H] ©HAI9F A8 TR
et 1] dAlelA= shdel AR (crosshair) o] YER
U o]& = A8 dAR dolzith A& dAldAE =
2 AZF Aol AN EH, o]F FEW WS A7 ElF]
A 3ol AxEct(Figure 1).
i7}a-‘ﬂ z27] AXE YA £kl o 1
A4 9] 73S 9] skl 7] AAE IE T4 9F
2 ARt el vehts

e [o rim

A A4 (crosshair) &



Vol. 30, No. 4. 2011.8.31

A Study on the Effect of Pre-cue in Simple Reactions on Control-on-Display Interfaces 565

precue/home crosshair button
S R )

R
RsT,

< RsTy k-0.333s—5%

perception}[ decision J{exeoution (
L J L

perception }[ decision }L execution }

preparation

action

< re|:eat
<

Figure 1. Structure and flow of the experiment

2ok Azt A4=o] shHe] YeR S AAIEGITE AP whA
(precue) 7} EAIBHE 7oA E EA=0] Uehd 91Xl
Aol Yk, o5 ElX|shd 0.333% Fof Exj=o]
Uehdt} o] gxskA] 42 A% 5 (double tap)f_i
Qe A3 o R/E WAE] Hste] AAAE FE F HE
9l Ajolofl Card et al.(1983) 7} #IFet Keystroke-Level
Model®] press or release mouse button (0.1%) 2] 5+ wl
(press and release) Bt} £ 0.333%E H] AgtoZ A
gkt

2.2 Experimental design

A&o) AFRE /\]Z}' A=) 3 YA = Figure 20f Kol
= 1ol 7o) 3PS 4X4 gridZ2 #8Hste] 71e-d A9
N R S IRE | T«O]tq o] Y] $]A|+= Perry 2} Hourcade
(2009) & AF-ellA F= ARG Eoll Y= 2A L, HaL
A YA 2AHAY. A7 AFe AE 9.5mme] 9
Pt o] Ag AHLOR A A7Pol

Table 1° g2j¥ uiel o], 72 A39 j\i?'é (% Bzt
$A7k QA3 el shamsh Azt Ao 9479 Az
2 9hE AIZFRST, RsTo) oJth
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Figure 2. Display size and positions of stimuli

Table 1. Dependent variables

Variable Unit and description
i ™ location, j: j™ trial
Deviation X Vi (location measured in pixels,
converted to millimeters)
Elapsed time from crosshair display
RST1
Response to tap response(sec)
time Elapsed time from stimulus display
RST2
to tap response(sec)

S0 e 7t sl ARRES) S oiRE d9] 1
o] FAE L ZF A3 803 HES w21, A E A}
A 9AE 2= go|g7kR] Eokele] ZF A3 160719

AT 1,280702] dlolE]). WES] 9]
2], Bk vl e] A Agstete] A ZaE AlAS I
AR S FE wells F Aol wAfshs Hg BRE FEL

= a5k
2.4 Participant and apparatus

B2ukd tuto]ae] AA| AFEEE T FHojeh S Al
Al Aol IYPEEF 317 fl8te] AnfEES] §) Halg
£ F3 2R Al 758§ ol EgAlel AR A AgAt
7} F&sto] dgsh Aol MAHES sk AES ARE-
b 2utEES] 1R UgE §) Hﬂ“rzﬂé &3l on—line 4
of 75¥ ¢ Auel H&sto] MAstES slth A4 &
Agh MMS FAle = Q1gt Ho]E] %5:17—3: 27 918 3G
network <2 kst airplane mode® XA == 313
ou A3o] Azt "]'*OLZ]'# WiFiE &3 ¢ 250 %
T5E § olEFgAOIAE AFEAFY ARfEE] A
ARE Adys § oluds Bl A%E A @%°P+—.
stttk Aol ARe-st Bntd 717]= Apple Inc.9] iPhone
3G ¥ iPhone 3GSelt}. o] 7|71 AR HAAAWE
AME-8l A7]= 50X 75mm, 3%

2 2

J == 320X 480px°]aL
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Ao A AREEE v 9] T 7]+ 50 X 58mme] tH(Figure Table 2. Multivariate ANOVA results
2). A A 7Pk 200 |y 1670l o] FellA Treatment Pillai's Trace F Sig.
4 7Fet lolE AES Alweh AR 117eltt. Existence of Precue 0373 23807 | 0.000
Hand Posture 0.038 159.507 0.000
3. Results Location - 0.504 612.944 0.000
Hands*Location 0.011 10.732 0.000
S, control—on—display 4] targetell A= 1A Hands Eg:%
9}, Fojapzo] FE MRS A Ay, A3y HEo One handed Two handed
ANk WAHAES HE AFRG +X 3 1.36mm,
—Y W& 0.60mm A9-H AATE BA AH] 90% A 2907
T2 7FR Aol 6.72mm, Al AolE= 6.17mm, 95%
AF el 7h2 Aol 7.56mm, AlE ol 6.83mm 2001
ot}
e 2afEs He dd oA, tHg EAREA § "7
(Multivariate ANOVA) & alalo] £avel nsag &
o] BAY FLES ARtk 2443 Table 2¢] 01
Qokslo] Qi FHEATE W AR X AFE 9 Y HEF 198 130
T ol ME R At o, BAS Pillai's Trace ooy | 1 b
E ARt oA SRS A, 78 AAI(E & A
§ 0 % & AR G WS AT Aol BARoR OO o
_?’_9/]6-],;(] (1:)2]’_-(})J\—_Q;\/]_Y l,——_%_ X];Slvoq 1‘5'0—]},‘_ S)"\o_]}\ii—— %7:"}—] Neutral informative Neutral informative
O F FoIst Xol7} #AHAY. 13, 73 AA e} A= Figure 3. Effect of presenting precue on RsT for one handed and
o E9 917 Alele] BAH R FolF mEAge] $H o handed condition
Ak
ko] wES SAe tist JrE F4 %= B9 4 program loading®ll A3 AJZFO] preparation T 4]
S T2 1,131msec, HES F2849] 1,060msec ulg] dojubA, RsT12 5718k, RsTo= 4TSS & &
7} 22533, ARPAol HES YXof oist AFd D]'HE Atk T, AFAFIES] A& WhE AR EoF AR,
91 e A ARAE FEEY 1,291msec, HE A= HolER s AoE YEWTE 53 A=E FEE
2x4d) 905msec’t 2L % tH(Figure 4). AF ‘I{r/\ﬂ% Zi] Aol =X #&F 0.27mm, +Y 3 1.40mm ¢ 2$-XAl
FolH, ExF=el tigk 7§ A]ZHRsTe) < 155msec & sh= &35 7HA T FUTHTable 3).
] FA|RE, preparation©l] 22¥= AIRHRsT o] Az o T AA g} Ao AA " A= AEE Sl TR
Z 7SS & 7 Utk & W& F1]8HE motor FTEUG - W3 AR 9 AR AR - Follx] HEF

preoue/home crosshair

RsT4

button

RsT,

3

R s R
0.333s
perceptlon deC|S|on execution perception}[ decision H execution —>
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1131msec
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RsT, | 2191msec
1060msec
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Figure 4. Changes in mean response times when precue was provided
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Table 3. Paired t-test: changes in response time and accuracy affected by precue

Dependent Std. 95% C.L Mean difference Std. .
. Precue Mean . Sig.
variable Err. Lower bound Upper bound (None - Given) error
Response fime None 1.037 0.002 1.033 1.041 o147 0003 | 0.000
(sec) Given 0.890 | 0.002 0.886 0.894
. None 1.09 0.02 1.06 113
X Deviation : 027 002 | 0.000
(mm) Given 1.36 0.02 133 1.39
Y Deviation None 0.16 0.02 0.13 0.19 s 0oz | 000
(mm) Given 124 0.02 127 121

Sofl fojgt J3s FTh v, 3 KM= WES Aj7ke]| Ao AT SE-HEE Ao tsiA Godttsdanker
ot Jge F4 9= Aoz AFEUG(p=0.352). (1992) 7} AFs71E sksled, 7129 AP &4 A5 o
3 & T E 2 A AR B {5 whE 1k A7 2o RS A EE A dhSolA 78S ARESto,
3= Figure 37 2t 4 A g Ee] Boe gApAA e AgeE 54
HhS A e] | 423 zAof wpe} 2po]E Bk Al ek 2 AeMe A7 A=l g3l fed &7k
2T S yH WIS o &3 oF & 5 A BT AR <9 BA] A& digt 245 Fot] 5 ARS FEE
WA 7E AR 7 \BEe A7)7F STVl AR WAz s F A AR A A= SHCERH 3E%s S
AANEA] 2 A= gk & 73] A9, B1A] AR vE gatol Ao r Frietict o] A3, A7 A=2 24
AFo] 1.34mm, 23 F & 39 A9 1.98mmA e o uidk AR RO Al W S8 T/ A
H, AR ©A7F AXE B, S AR @47 2= 2)A] 0 o] AL ol Tk SeRkE A AEE gRlst
gt JHE AFshs A o] A A7]7F 7.87mm Ak WS S57F AP AR QI o] A2 AAloll= AR
(3t & 229} 6.77mm (¥ & 2 E T8I 7t EVF A5 &84 5 e ATt stk Qe A
ke WA= AR WA G BlEo] 3 A M= Hr—-Agw el thgk 137t vter] Fesitt
e zol= A HEEGTE g & TPl xF HEF S, AP T Y] AlFS HE Aol tig ukg ARk
71 6.01lmmelA AH dAE AAESE W, 6.64mm=E (RsTo) 2 ©E3I o, 19 AR @& Aelshs AIRE
F7FreH, oF & 99 9= 0.56mmelA 1.63mm (RsTy)©l *7]'0}“51' A o7 AP WA 9} B3 A=
2 STVl A=t A9 A7Re] FFE AR whA7E Q) R]ef gk
=, % & Y A RS wE] Y 3 & 5 BE AFshE A9 284 @8 A (S 0 A5l
AR £S5 & Sk g, 3 AAISE dEglol 88k -9 9 &7t bmsecell B3 & Ju)7t gl
T A B A AP DA AAE B, 1S th &, A=59] Ed AAe gk AR @49 Al v
o] Frkshs Aolth ol AlZ A& &7 o2 A A ﬂﬁlsﬂo]ﬁﬂ Aol st R E wjg] A2skA st
B8 o, A7 A=) FalellA o wol Hlojuba] HAISE  of Whg AR dEehe @i AN 1 Ad 9hge] A
= Yt} ST} vrolA]= i Y e AR B E A ek Al
s TEEE, AA vEg AR FYsHARL vkg g

L& sholxl Zlow & ¢ itk
4. Conclusion s, A9 Ake] A BE X wkgelA] d@EA
ZE HAE 5 of WEo R Ho|th AREAMEe] Bk
sk 91X 9} HA Tl ¥ AFHo R 1A= AAE +
2 A4S B8l A7 A= el dist AR ©@A 2] A At A7} AMAES BX AHOF A7l oA 5
T2 B Ao Oist W Wb AIRES EoF e gl i olIE FEE ATE BYeH, 1 o A= VIE WEe] o
Lo A IPAT|E Aoz AZE ) o= &5} Zitt. 7 CRT display 2} 29| image plane¥ sensing

7t AE LTt ol & "a“?lzﬁﬂ 2%

-4t 4l planed] E]Fo] 9l HAINARS] A, F planed] 91
© ddelth AR Al A%k ARG 7F error vectorE EAAT]E T
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Ao ® ATFEG O, planeitel] AF A9 ¢l A5
o o]g} &2 error vectorZ} WS AL =2 T &

& QA Q) g PEEYoR 25 A7k Besh
3 7k,
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