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A Comparison of Visual Occlusion Methods:
Touch Screen Device vs. PLATO Goggles
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ABSTRACT

Objective: This study compares two visual occlusion methods for the evaluation of in-vehicle interfaces. Background:
Visual occlusion is a visual demand measuring technique which uses periodic vision/occlusion cycle to simulate a driving(or
mobile) environment. It has been widely used for the evaluation of in-vehicle interfaces. There are two major implementation
methods for this technique: (1) occlusion using PLATO(portable liquid crystal apparatus for tachistoscopic occlusion) goggles;
(2) occlusion using a software application on a touchscreen device. Method: An experiment was conducted to examine the
visual demand of an in-vehicle interface prototype using the goggle-based and the touchscreen-based occlusion methods.
Address input and radio tuning tasks were evaluated in the experiment. Results: The results showed that, for the radio tuning
task, there were no significant differences in total shutter open time and resumability ratio between the two occlusion
conditions. However, it took longer for the participants to input addresses with the touchscreen-based occlusion. Conclusion
& Application: The results suggest that touchscreen-based method could be used as an alternative to traditional, goggle-
based visual occlusion especially in less demanding visual tasks such as radio tuning.

Keywords: In-vehicle information system, Mobile appliances, PLATO goggles, Touchscreen device, Usability evaluation,
Visual occlusion
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1. Introduction

Xé-‘—#— = AN
A8 T3 5 %Z‘_X}«] FIE A F e 98S
21 dlell AAEe] &d& B AHERIME 7] QoL Stk F3 Fo] A HE AL AR 7HE 43k
= AFshe AR 71718 B3 A AR A~ (In- 9] FoE ERofA HolAA 3ta, o= gk E= 5o
vehicle Information System) ©|2} F-Et}. 42} FH A sk A8l 01Al =go] xel= &3] ALR oo TtH(Stutts
2® (Driver Information System)©¢|2} &2 $7]% = et al., 2001).
ol 5t 7]7] 9] o& ;= L] M3} DMB TV, vH|Alo)|A Wang et al.(1996)°] w|=r2] =2 W& A3 dolg&

= 3"43 AT Ol AARE, 22 S0 vt ok vHAl  25~30%+= xAR] B ® <l

7171 o= & 7 Aok ARl gAEE A 7V el EAE atel] wER, viselA dojuls A i AkaLe)
a2
ol 71717k F7FEIRIAL, A A AREE SAHCE vir)/ A8 Fo FAator QI AkaL & °F 50%

A AAEo] dd= 7<]'LH YEYFS} oF F4 T4 BE oA ojd Apxlo] dojupAY FollES v AF UF-9
Ql gl vg X (Telematics) AIAEE Xgsh= T3 R 71718 AHgshs Aol gglo] Sl AoR duA itk &
Al o 7 kA S| 7= FAlolt) 3, Klauer et al. (2006) 2 24| 212] F23) Hlo]EE 54
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T3t 4 AE#HoE (Driving simulation) U, A&
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2. Visual Occlusion Technique

A2y 21 7ol h, AR Alokg A F7]e ulet
WA 0 2 71 F 0 2 M, AREAP) Ao A &H 02 AlZh
gE 71EY F S sk WHE Eeit o] Wi

4 BN AT 717715 Ao R HEA &
S FHshs S TP o R FEskE b Eol AgH
H(Young et al., 2003). &dA = 4 Foll Aol =29
NS Fojor & Fert glon= i}%k AR Ho Sls
WxE 71718 A% RAA 23ehe
T Foll AR AAES AR 9 H A A= 717E
RHA 228384 A9 A 228 FASHE A o9
Aol AA wHESHAl "ok AlZF 2k 7S Rl
5 AFESt] AREAPE ARREIAIAL B VIVE B S e

ﬂ @ 3% Ao b Fas Aol Ha gk
A

slo] Bl =,

e o] & Ade &8

A2y 2 71 3 AlEEe
k= el 1)) ?51:5}7] 7} @31 (Stevens et al., 2004;
Young et al., 2003), olel ZRESZS A48T 5 Q7]
wj ol vhekst AT 7}—4 A734]1 Blr} 7kttt (Pettitt,

2008). olg} &2 A== Qlall, o] 72 AsAF Al
L A AR AR AlEARSC] T S ARS8
7= gohe vl 2E¥a Sk vIs ARsAF AlxAF 93]
(AAM, 2003) olM= 15% oJHle] 43 AIRkE 2h= #jlo]
P E zh= Zo= wdsta Qlvk &g, A gt A
Z*P 3 JAMA, 2004) ©] 2Rl T 2Zeo] AJAR] 7Ho]l=

018 A)ZF xb| RS AR AT 29 228 A|7ho)
7.5% oldle] digshs Ak F3 F Aol 7hssHA
st ATl ISO(2007) oA = APl B AJAELS] A]
72 o] o e Bk f% Al A 71 e 4
& HAE ARl wEgh Az 2 7T 2] AR A
2~]le] 7} wink ohuet OE“HLWO] wakd AR 71719 Azt
A o7 xS Frlehs delx sk A2 5 e
B2 7 77} Ak

AlZb 2k 7S Al 7] Ao ® " 4 Qv
AR, PLATO 225 &83sh= HHolth o] ¥ d#/7t
T A9 1894 ¢S A W= £ E F2EAE=
S35t Bty JAS s oS 2EE FoEN AL

k] Aok AAE AskaL e 7 RS sk Wl
T (Figure 1 #2). B o W2 ARES= 71719 237

A S MEL] AXEo] g yHe 23 spr) HolH

o Sl = Wolek, mhA o 2 A AR el AFE 2
U2 ol gl AHgA 717] Aele] AHE Q) A7
2 elgit Bkt sk o] gtk

(@) (b)

Figure 1. Operation of PLATO goggles(Pettitt, 2008)
(a) Shutter open; (b) Shutter closed
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H|-& ] UH—r 3171] E‘ﬂ JEEE}QJQ EJ Azt 297}

Pestal, AT Beehd ATt 2399 e
A% 228 % oleks %ol Qleh A4 4 BN &
A= 71712 QA vkt o8 AHgE AA 2w A

3] whel, BIAAAR S o8ohs WA ol vl
A W& ° B8] g 5 v (Park, 2009). 12
U o A shdRks Zhe7) wiEel A 713t F]kell s
AREAZE 71719 T RS E 5 9lom, ARSShe 71
7b TREERICR Y 7ol ARgE 4= Qlet
= Qe AZE A 71 7P Eel AR EE ]l
PLATO i=& &8sk W HAXA™H 7S &8
s NS mlaste], S AR A9 A} Afole]
oW o]z} QL= wiRltk A3 Aol et A& F
8l Al R AR A7 Fo] 2 S glo Bl
2AR 7S 283 A A 7 e AdadE st
EFdE HERTh vbek 7 ] A9 Ay Aele] At
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3. Methods

3.1 Participants

12789] gt (s 478, o14: 8¥) o] IAFA=E A7t
sholek. SR AP T 18AA 244 Alolglom,
B 2244900k T4 4 2] At s A8 9
E eA £5271 1839 100€}F o]kl j,]ﬂzﬂ;q_Eu]- Al o))
WhkES B s Assa. ele F9 2ol o

A BT WA AT £0) 2084 U3k

3.2 Apparatus

Aol AHE ZREEY] AXEdols 7IEY 4
(Park, 2009) ol /] AH&-¥ AZEgolE AR 74 0}01 %
L5tk o] $8 TE 73S Microsoft Visual Studio
20089 Visual Basic= ©]&3] 7% % 2™, Microsoft
Windows Mobile 6.5 Professional % Al 23] &2}
&H= AWHEE(HTC HD2) Al A= gieh 71719 b
A7 4.3%0A0]H, M EE 480X 800 pixels (WVGA)

otk 7171 A4 HAAT™ HAE AR AFEARS
E7rete R b Al HES AdEE & e St

3.3 Tasks

2 AFelAs A AR AR Vs S A JEE
gre F9 7eg At T 7FA WA AR Qs
AE A} Aol & vlweth, 4 S A R AIA
g 71 7141 7soln e TS A JE A
2H] QlE|Ho] 2 0] FTtof| st thge] AFEAA EF
Aow AHgHE Ao rA duds Zheth
T4 Y Aol = JAPA QWERTY 2o w}

WX E &—~39 (On—screen) 7|HE AboA EA|g
Adgsle=E sl (Figure 2(a) %), EAIEL &=t
F FAF IAFo] E (Korea Tourism Organization, 2010)
of 2/ME A T 207 EAIYS A"eigicth Fdd A=
Folzl BAIS i HAAE ehds] sAg |, sS4
‘Start' HES FEL AP -39 7|HEE F
g A3 AEE Y8ty 'OK' HES FEW Y T4
4 Aol gknd

ge {4 ;ogoﬂqu Oxg grjes 2k AFEAt
Qg Fo]| A7} B AT 3 Ao AAE L, FAEA= olE
28| Foizl AdR FrE WAt (Figure 2(b) %
Z). 9= FM 90.0~110.0MHz, AM 550~1,450KHz
AtolelA] 2= Zb7F 1001 8] Fakrg A8 712
g BE XHHE ATt FAE A= AN E TP
grje Ad FirE A F 'Start' HES =9 &4
= AAEIITE &S A AlFE w9 FakeE 3 FM
100.3MHz= A4 =3ick. 91484 WA FM/AM £

&5 =9 T dYs "4‘5”'5}#, << () WEeY
SX(F7H HMES wE FIFEE WA <KUY

Es 13 729 Fo5e E]'—E 7P Adel 2]
A7MA 0.1 %7 Aafjz g9 u-EA z]_/-:x%g_i 2 3HA
v Skl 7Y Aidel Egskd T AAToE |
Fol 7P Aol =ik Wizt D}ﬁ‘:” FM t]9ellx=
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) [Ulo Ei
(o0

¢

% o



592 Jungchul Park JESK

v Aol =2s7] Aol Furt thE Adelx] Wi
Aol T S HES ] EeFoiof itk Fuk
7F ZF o (AM == FM) o] Fuigkolut #aghel mdt
Aol wEstes AAFHAY dshs TR A2
'OK' HES F2d a1 gr)e 7 #9lo] gk

N,
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Figure 2. Screenshots from the experiment
(a) Address input task; (b) Radio tuning task
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3.4 Experimental conditions

AL (1) 29 gl (2) PLATO 2ol &3k X4
(3) 'HjA2~T-el] &3k 2} A 7FA] 270 ol 3R]
Ak A WA 2 S M F1tel 3hdo] vf
HAA] k3 AR ASHE E7EA] WEEA] = A
2 A9 FH8TE T WA PLATO 13l 93t =}
oAM= PLATO =< 288 AuelA &ds st
Atk o] W PLATO 1124 ME+& 1.5% 1t 7B (Open)
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Al A e B X2 e oet u s Z2EER]0] 4
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4. Results

= A8 2 HF P73 A}E Table 13 Figure 39
YeRgISIc) 2 428 A]ZH(Total Task Completion Time)
< A7 e AY 20 A A" AIREE Al9)sta
MEPZF o] AMEAPE AAZ AY9E AT 4 lH
AZY, & % ME Az Total Shutter Open Time) 2 7]

TOZ slo] FAJSISITH

Table 1. Task completion times
(Total Shutter Open Times, ms)

. . Address input Radio tuning
Experimental conditions
Mean | S.D. | Mean | S.D.
No occlusion 4,672 | 1,582 | 7,065 | 4,030
Occlusion by
PLATO goggles 5225 | 1,808 | 5,756 | 2,727
Occlusion by Touchscreen | 5,900 | 2,029 | 5,587 | 2,665
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n Occlusion by
PLATO goggles

m  Occlusion by
Touchscreen
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Figure 3. Mean task completion times
(Total Shutter Open Times, ms)
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7} Aol AW F MENEAZI] A% ZAel weh
EAROE fOlF Aol7k gli=A W17 Sl Bk

(Analysis of Variance, ANOVA) S 433}t (@ = 0.05).

BB A FA ‘%Jiiuﬂ 2 (F(2,22) = 10.37, p—value
=0.0007) 7 ]2 {4 24 (F(2,22) = 28.24, p—value
< 0.0001) EFoIA “6& Z7loll wet A4 FE Azt
ek zpol 7k Sl Ao E e

T 09 Zdel tigk SNK (Student—Newman-Keuls)
grouping A¥, EJXAA-e] &gk 2}52] Z-¢-7F PLATO
el ot A7 Q= -2k AHA)7E gl Al vlE
T3 Azre]l ¥ 71 Ao YERth PLATO 1=l 3
27} o] R A= 21 7L §ls 2 el T4 Y
g Zde] 3 ARkl 574]75133 Frelst Aozt glaith

gre Fd 249 A5 vt ¢le 219 A7t 2
7F Sl v A F A F7e) Bls)] =8 Algte] 71 RAoR
Uebgth PLATO 113 1 olgt ApH| g} EjX A= 2%k
2k Atolell= git) e /i 2 Al FAFo R Fo
2o] 7} AR %L%LDP.

5. Discussion
5.1 Comparison of occlusion methods
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5.2 Resumability ratio(R)

704 B]& (Resumability ratio, R) ]2+ k| 7} 1= AF
glol A ] 2 8 Altel] tiugk A7} QL= e el A <]
2] F=8 Azke] Bl&o|thISO, 2007). o #E 2|7t 9l
= dEelA ] Zdel d™ T HE/NWAIZH(Total Shutter
Open Time) & 1|7} §l “Fefoll A 2] St 2ol thst
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= 0.79% Yepstth =, 2d e 79 219 A5 A7t
e 1ol A7 Sl F el Hlel ¥ 3 ARt
A A0 Ytk o= #He 74 Atle F¥skE A
ke o] Bht]e Ado] Alxglel o Zeb A
7k 3ol 2o AA AREAL SRS FAIEkL Al
ofeljof ahi= Algte] At oz A317] woltt,

5.3 Choosing a proper visual occlusion method

= Ao Avpel] whE A vER)e] 1R
Hom F Fa 99 AfleM= PLATO ias ARES
A 9 A RS ARSRE A Alojell 2] 3 ARl
eI ZFol7k USIEE whebA] ol Fe] Aol gt
A7 Feks grketaat @ vl 7]E2] 1SOelA Aot
¥ PLATO alas ARSEE A o) 88l 37k 310
sirA sty ey, AlZHY Foq7E AAl @A (A
W HlEe] 1RTh 22) g e FEh 22 Aglel s
A= BXAT™ 71715 538 PLATO 128 tiAE 5= 9l
& Aotk ol M2elA AFT nie} o] n]g S
grlo] glow, 58] ARgAtel] o3t A7}t 7hssirhs Aol
A PLATO a2l tsh digto = &84 & glvk

5.4 Limitation of the study
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6. Conclusion
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71% X7 PLATO 1139 AM-S 7Hda] ol Zlo]7)
e, o5 HAATUE SE3F Aol sl AEshs A
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