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A visual field tester using a fixation target with a lack of distinctiveness decreases accuracy and usability in
visual field testing. The present study is intended to develop various induction methods of gaze fixation for
effective visual field testing. Proposed were four new gaze fixation induction methods (color changing dot;
alphanumeric characters; flashing black dot; and bulls eye and cross hair, BECH) by considering visual attention
factors such as color, meaning, flashing, and shape and the proposed methods were compared with the existing
black dot (BD) method in terms of gaze fixation performance and subjective satisfaction by 32 participants in
their 20s to 30s. BECH was found most preferred by increasing gaze fixation performance by 4.8% and
subjective satisfaction by 0.4 to 2.0 in a 7-point scale compared to BD. BECH can be applied to tests such as
visual field testing and macular pigment optical density testing in which gaze fixation is crucial for accuracy and
usability.
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2. Method

20 A 1A fr= i A

71& ANotA M FA AN EZ A5 E black dot(BD)Z Hf
Hl8te] A ZHA coding®ll E-8-% = W E(Sanders and McCormick,
1993) % color, alphanumeric characters, flash, shape& 2 &3}
changing color dot(CCD), alphanumeric characters(AC), flashing
black dot(FBD) 18] 1L bulls eye and cross hair(BECH)2] <Table
1>3} 221 744 Al T4 AlEE0] IEH A Colors

Table 1. Gaze Fixation Induction Methods
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Aol A T e @ A5 R T &3}3 o] 7] W) &ol|(Christ, 1975)
o7 fAHE T4 AE g AR AAE Poith F
A A Aol w7y 8 v A5 123 Eel(Munsell
o F8 54 Munsell, 1905)] T 744 A4 7 F249] €A
2 WA= D W ol A= At Alphanumeric W82
s FEste AFol7] Wi, Fol A A, B, €9 5
21, 2,30 8 AE7F AAE Wit B2 SA R A
= AC o] A AT Flashe= WAL H 02 A& & &
917] W&ol (Connors, 1975), BD7} 19 4¥ 7+dko]= FBD
o] AkE| ATk vhA 9O 2 shape> Tl ARTE B
FetdaA A H = 54E 7H Aol s e a3t 8l
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(1) Hardware

AR 1A = Y 37 A4S s ZYH, o, hand-
held push button, head positioner, 2] 1 eye tracking system ©]
AFE-E A TH(<Figure 1> %), AloF Z4AF A& 277 LED Y
] (resolution : 2,560x1,440; pixel pitch : 0.233mm)ol| A A =
om AN 1 H7E AR A A e w2 SH E T
AL, Al 1A A 4 F 247} handheld push button(Delcom
Products Inc., USA)S FEEE A A5AT A3 5 A3 %o
Ak9] Ml 222 head positioner(Arrington Research, Inc.,
USA)E AH8-8to] AlgHatda, ofetet 8 AA Y Fioll= A
EhFe s ey A 3 L R R R A ) =
Aol BEUH 425 15°2 71 & A0 vpA o 2 Al 14

Visual Attention Factor
Reference - -
Color Alphanumeric Flashing Shape
oo oo B 2 C 1 @0
Black dot Changing color dot Alphanumeric Flashing black dot Bulls eye & cross hair
(BD) (CCD) Characters (FBD) (BECH)
(AC)
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Forehead rest

Monitor
Head positioner

Chin rest

Handheld
Push button

Eye tracking
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(a) Side View

(b) Real Environment

Figure 1. The Experimental Setup of Gaze Fixation Induction Method Assessment

Visual field testing panel

- Basic ||
information

Gaze fixation
| induction =
method

Control panel :

I Ju

Figure 2. The Interface of the Visual Field Testing Program Developed in the Study

= g7t A0l Y e T AF AT FAGAL A
= RUE Ao A9 A E F2317] A5 eye tracking sys-
tem(ViewPoint EyeTracker®, Arrington Research, Inc., USA)©]
AHEE A

(2) Software

AR 14 FE B A5 FHA BEEE Aok At
S ol A H7tskz] s Aok AA S 2O Aof
Aoz 748" AN 1A 5% ZEOH| ALHUG
(<Figure 2> #x). AlofF A M9l & 93dAA T2 AHEEL
ol AlokZ 240 oluf ¥ ¥ (Michael ef al., 2007) 0.2 3},
FH A ET EFAF A A (SAP)Y central 24-2 test pattern
(superior, inferior, nasal 24°, 18] 3L temporal 30° F < Ujl 6°
ZHA Y 547N grid9] 7t FAlol AlE7F YA ThHS 7o R A
AE AT AEEE AoF §dg Totetr] A8 24 AR T

Hol| AAEE F8 A E(stimulus), AA 14 o 22 gjots)
71 A8l WA o] AAE = B A FE(blind spot), F| A A
7F ARl 48 & ettt AE7E AN A okl = H
S 4SS Zsty] Y3 7hokA A E(false positive error
target)7F AHEE ATh Al 7HA] F3 9 Al QA AHEH
© A& Ak HAR AR A E FA(FH A EE 5471 A
4~63), WA A FE 9 7hFA A FE 22 10~133]) §HE A A S
Zraste] T A EE 54709 AR E A ol 434, BAH A E
= A A 103], 7H¥R N EE FEE AR 103, F
23637} AN E 28 21, AEE o A8E 749 &
M2 ANEEZ 3t 3, 203 Alo] Yo A%
Az AR 4E, A 1A f 5 Wy Y, 1943 BUH
g, 223 Aok AAE BT I EE A e H o] 22
TAHAG AN 18 F5 B H7F Z2 3L Microsoft
Visual Studio 20102] C#%101E 7|8t o2 A= At
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NA 2+ A 17 F = el tiaf 202 T A LS
Sttt B4 dA A =27 EYH HE
gt 97 9] WA o] TS EAE AN S 5
A BUE ] A $12] 9} eye tracking system O &
e e 539 AAE dAs st Aok AA @A A
A" A 1 FE S 7o E FA AR TH
FE A Alof AAE Fds T Al 1A 75 Y
AAE 71E HS BDE A &3 &, 4 AQke 47hA] WY
E< balanced Latin square 7] & 2 &3 & A] o] whe} A A8}
Aot 34 wEE H7h= 11-point Likert bipolar scale(+57)
2 g3t BD S 7|Eo 2 A H o g B EE
PHUAT Ao BE FAAe = A2 N FFS H4
s317] flote] AP 24 Abolol] 529 FAATHLA A F71
FA AT &0l AFHAT £ AP 74 A 219 23]
g Ao afete] APFAE o 1208 0] L85 YT

(o
3]
X
a1 S

o

Ir
>
24

T > e SN

25 A 1A 5 £

% A 3% §F-3-E(blind spot
response rate, BS_RR)’, ‘1-7}443 Al 3 WH-3-E(false positive tar-
get response rate, FPT_RR)’, A4 1178 % & % (correct fixation
rate, CFR) o] 2] %715 21tk BS RRE W7 $) A ol A| 27} &
29 EMEAANE (B AT B AP 208 F 103 A
) AP FAATF SR HIEEA AR HAL T FA ARl A
A Aol & 52 %3R5 YEFATH FPT RRE A EE A
At $1 A EHFA S R AT A+ Y =208
Z 103 AN AZHAATE T3 &2 A AP A7 A
E A4 WY Y RE Yepdn npA o2 CFRE
Equation 17} Z-o] A/ 7} A A H & &RF Al o] FA4 Aol 21
A9 B &S U, SA Ao AN 14 o A 7| &L
<Figure 3>(a)¢} Z0] AloF HAF Al FH A E AA A 022 ¢
I} A A E = 0.22 5 9HCarl Zeiss Meditec Inc., 2005) A ¢ Zof
A A YA 7L FA AN RE FAICE A okZt i 100 o]
A% A2 F AT CFR A4S 938 A8 AA 3
Hlolel = (1) AA 324 HolE 3, (2) ol 2 H o ¥l A1 A, (3)
A FA dolH 2, (4) A AH &4, (5) A 14 of 7 &
B o) A BA S whet BAH AT A 52 DA A A = eye
tracking system = AF23}9] sampling rate 220Hz9] & =2 A4l
AA Elol Bl S 33T ol 2 A A Al M= 3 E Al
A A w0l B ol A & ekl 02 &4 H o] ¢ Al A
LR7b A dolH & AAS AT A 34 HlolH & &

AN 1A B e 1-7
3T

A A e A 178 o - F o AL8-s17] 93l = AlE7}A
A7) A 02258 AN T 022742 9 A 2] G o]E & 5
Z3FATh A A A B4 G ol A = <Figure 3>(a)8} 2] %
AN HAAARE FH A RTAAE 7] A 022 A- Y AA
A& before(B), AlA == A - <) Al A $A| £ stary(S), L& 2L
AN F02% A - A A after (A) = B3k, SE 71
2 B A S7HA &) T2 gaze trajectory(GT)B-S, Sl A A7HA] ]
THE GTS-ALE FE38t A S A3 AT AH A4 £
A A A Fedzte] me] S2 o o sl F4 offseto] A 3HA
e oo S ] Al 7130l HeSE A AR
A Z o] FAA A& 43S THCrabb eral,, 2014). T4 2
#7-& Johnston and Leek(2009)2] Al 1174 7]Z(A k2 HHA 1°
oju}yol| w2} <Figure 3>(b) 2+ 720] 47}4] -8 (B-S & S-A fixation,
B-S fixation, S-A fixation, B-S & S-A deviation) &2 ¥} o}

n
i=1"1i

CFR(%) = %100 (Equation 1)
1, All gaze locations are from — 0.2 secto 0.2 sec
|} within radius 1° or — 0.2secto 0.0 sec
where, F, =

or 0.0 sec
0, otherwise

i=1,2,3,-,n
n= total number of target (= 236)

1.6° — m
0.2 sec before
o stimulus presentation (B)
0.5° ,
stimulus presentation (S)
s 3

-0.5°

0.2 sec after

0 timulus presentation (A)

S|
-1.5°
-1.5° -1° -0.5° 0 0.5° 19 1.5°

(a) Gaze location point

Gaze trajectory (GT) divides B-S,

S-Ainterval

Yes

Yes
B-S & S-A
fixation

g S

@ G

L eetaton— 1
Gagze fixation

(b) Gaze Fixation Determination Procedure

B-S fixation

c

Figure 3. Analysis of Gaze Fixation
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ZAHkA 9HE % (overall satisfaction, 08) SHolA H7E AT
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Aoz s B vla 7“3 o] FHE AT TALA Y WEY
£ gol7] A8l v 4 9 FU Ade Ht s St A
4314 9L 71 Hl o] H & £4] ol AH8-3F . Bartlett’s testel]
o &Ato] FAIHCE THAOR sotH Ag AT
A (one-way ANOVA)F} Tukey-Kramer testS 3 5F91 1, F4t
o] F@ o] old 71 0.2 }ote 79 Brown and Forsythe’s test

9} Dunnett’s T3 testS 43 5} 5 oh.
100 - ISE
b (n=64)

80 1 ——
£
= 60
=
@ 40 784
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N £8 =8 =
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(c) Average of correct fixation rate(CFR)
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3. Results

3.1 1-"§4 A& 91-2-E(Blind Spot Response Rate, BS_RR)

-84 A E HREE S 71E WY BDE A S W
86.6% 2 713 A e CH(<Figure 4>(a); F [4, 124]=4.29,p
=.003). CCD(80.2%), FBD(84.4%), ~L & 1L BECH(85.0%) "4
& BD I FAHOE o7 Afo] & HolA] ¢hgtot AC
(78.4%) WHE TAHOE FodtA *& gH& Uil
o, Aok AL F BASNA o AET} AAHUE o A3
AEo] 74 gol Wk WO FotE )

3.2 1-7}5FA4 A) & ¥H-3-E(False Positive Target Response Rate,
FPT RR)

1-7FA A E HHEE S 7] BD WS AHEEE S o
89.1% 2 7H4 =7 UElsth(<Figure 4>(b); F [4, 44] =381, p
= .008). FBD(87.7%)%} BECH(84.9%) 8-S BD 3 54
HORE frog AtolE HolA Fo, CCD(78.8%)%F AC
(81.9%) L EA A2 Fo3HA WA Vet cCD
W2 T A ETF AANHA G2 AR ST M AR

AN S W Y e A S0] 714 Bo] W e
Z gebE At
100 I1SE
a P bc ab abc (n=64)
80 - £ £
& 60-
%
g 40 ~ 788 |819
20 A
0 .
BD CCD AC FBD BECH
(b) I-false positive target response rate(FPT_RR)
*
09 * P<05
% (n = 64)
154 | *
g
e 10
(TH
(]
5 -
0
CCD

.... szcao

(d) SD of correct ﬁxatlon rate(CFR)

Figure 4. Performance of Gaze Fixation Induction Methods
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3.3 A4 A AZ%(Correct Fixation Rate, CFR)

ANA 14 A e P 2o M= 7|2 4 2 BD(87.6%)
o] A5+ WHE(CCD = 87.9%, AC = 88.8%, FBD = 91.5%,
BECH = 88.0%; <Figure 4>(c))e B gtol B4 Vehgon,
FBD W] 91.5% 2 7P<P 43 A0 & YERTh B3 A
M 1A A5 BA S A= FD B7} 8.3%= 71 B
el AA 1A o} JNE =0 HHEIO*E}(BD _

O I 7)\
13.3%, CCD = 11.6%, AC = 10.9%, BECH = 9.7%; <Figure 4>(d)).

4FEA NSRS

T84 T2 =BECH W o] 71 Q1 BD W of vl s
AR 1A G4, & FEE, 283 ANy ST SH A
7 Ee A0 E HIHE AT A 14 &o] & BECH WY

0**) | & Bl vl FAACE fofatA 2 Ao

BAEQTHCCD=0.5%.AC=1.17,FBD =0.8; F [4, 12 4
6.60, p <.001; <Figure 5>(a)). i¢ ¥ 2 == BECH ¥ (-0.
BD Wl H3) = W 257} A4 02 {9 5HA %&2
UERSE L CCD W (1.0%)0] I 257 /M & 02 s
7HE ATHAC = 0.3, FBD = 0.93; F [4, 124] =3.32, p = .017;
<Figure 5>(b)). Z¥HA U&i‘Et BD "o Hls| BECH OP
(1.63)Z AC WH(0.58)0] =2 Aoz EAFHTHCC
-0.1%, FBD =-0.2%; F [4, 124] = 5.76, p < .001; <Figure 5>(c)).

l"

)

P
Il

o&l‘}m_

I JIE\‘

4. Discussion

A 5]’@}0}“1 FH AR ] l
A FA /\11011 A 24 A RS Hrkeks B AA A
o £ °F741(SAP)L Aok AR A FA4 Aol ] AR

AFo] A 1 o B-5 B 7sl7] 913 fixation loss rate(FLR)<F
gaze graph(<Figure 6>) 5 A &3 A A} o F- A A o] 285
+H|(Carl Zeiss Meditec. Inc., 2005) Al oF AAF G4 X ZA =

w3} 7 54 itﬂOﬂH zyz} § A7} 9ok WA o) A E 7} A A
992 v ¥ 14-S YER = FLRY 7% 20% )0l d
AAA7F FH 5 =d(Dersu and Wiggins, 2006), FLRS FH
ANR7F A A AN EE 7 gAY AL 14 o
Fe getd ¢ lon 1 o]9f ¢ o"od‘)ﬂ FH A#7L AN E
o A 1 o 5 hotd 4 gltke A7} 9l §H, gaze
graph= Al oA Yol B | A 32 A& o] §8tof F
H A R7F ANE W S G AR A o] FA A RETH o
S AN o]2ZhE A7HY A3t wet g 1=
AFste FHOEA A o|dZo] & ¢ AAAL FH
=6 (Carl Zeiss Meditec. Inc., 2005), 3 AARALS] B ] &2
Aol sl AR 2 A2 o) AN A 4 A 7E A F of

1o
383k o

H} 9 o] ) of 7 Abo] u] x| = o 3F 417

@ Very 5 ISE
satisfied 4 (n=164)
p :
e 0100 == [
(point) -1
-2
21 a a ab a b
@ uns!flsﬂed -5 BD CCD AC FBD BECH
(a) Ease of gaze fixation(EGF)
No 5 ISE
tired 4 (n=64)
-3
2
EF 1
(point) 3 o3
2 1.0 ’ 0.9
J]a a ab a b
® :i/:'s?j' 54 BD CCD AC  FBD BECH
(b) Eye fatigue(EF)
@ Very 5 ISE
satisfied 4 (n=164)
3 1 1.6
5 :
os 0.0 ,31: -
(point) _S 7y Y
2 j a a ab a b
-4
@ uns\:tairsyfied > - - FBD BECH
@eeee® B 2C1 o P @
(c) Overall satisfaction (OS)
Figure 5. Subjective Satisfaction
SAE N o2z Aol AstE = A 7t A Th(Sharafi
etal,2015). WFH, & A= BHES 23S Aof AA Yo
A FHAE AN AL 022 ¢ SHE A AH dis]
FHAFE AN A SHD ND AAE FAHLE AE AA A
Fo A4 A ARS BAHe A4 1 o RE BEFO

7
o] GFE AT % Yk
£ 879 45 A0 24 £

positive error rate(FPER, 2 ATY 7HEA AR 3 E] 3
Syt ofygl AlM A A 8% (correct fixation rate, CFR) 2}
FHA NEEE asto] G H T 7]1E A oAl = FLR#
x5 V‘] 3tA Aoks W T HAATE whEF Bl &(FPER,
33% 5 233te A5 A AL Werner, 1999)& Aok ZARS] Al
A g g A=y Br Az AMgetgh @, B A4
NEAA A Z-2 NHAEAA A 022, AE A F0.2
Z) FHY A AAZF A 1A "ol AR dRE
%7bsle CFRE 7HEstel 286t =Fl, FLR% FPERC] H]
3 AA Aol i A 1 AEE BrHdTe SHAA
T4 Aoty B B ATE T8 JIAEE A 1
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T U253 Ak HEEE AMSt oW

J

> o
Ft:



418 Jihyung Lee * Younggeun Choi - Xiaopeng Yang * Nahyun Lee

Good, steady fixation
+10°|

OOW‘W
innks/

(a) Good eye fixation

» Gunhee Oh - Young Gyun Kim - Jaheon Kang - Heecheon You

Large eye deviation

+10°
0 w

(b) Poor eye fixation

Figure 6. Gaze graph(Humphrey® Field Analyzer 11-i series, Carl Zeiss Meditec. Inc., USA)

d Zé% (CFR)= A& & (FH A E, 84 A
R, 74 AlE)oll BA QL] AloF AAF AZHEE FE7HA I
AR M 27 4RE sekshe PO 7| F FLRS
wze graphsh W3] BEIAW FEY Ao svjeh
FLR Aok AL F3bell W3 A 25 A A 3He] 9 AR Al
otat= measure©| U FH A E7} A A EH =
S AN 1 oA B2 Fotste de FATE Tk 94
o 2, AANAT B AR AL ol AN THE
100% st ou 3 A7t AA 2 wol= AN 145 544
B AAE YT FLR A347F 0% = Ve A E = 4
32 Febd & 9k ¢k <Figure 6> Zo] Ao AAL F
AR AN 14 AEE T1Y ZZ JER)FE gaze graph
= good/poorg} 2o A Ar shobdt 4= glo) A
Aol X7} A BE A ol A Ao AF JHE ARG
71 91 71E< Z717F o Hek. ool Hls| A 14 HEEE
Aok AAE AP E = U AANHE BE *l:“ﬂ sl Al
1A o 55 Hrbsta AFAQ FA 2 AHE A F8] g
o] FLR, gaze graph® B8] ALEIITHHA Al oF AL A3}
Ag o F 5 o gt #9d ¢ IS A Oi AtsHY
B AT Aok AN A ASHE AN 1Y FE oz
ejA Q4 E uk9 s BECH ¥ o] A4 j_Zé Asy FA43
1Y o 7]E BD Lol Wl 7+
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Figure 7. Comparisons of Correct Fixation Rate and Eye Fatigue by Gender and Gaze Fixation Induction Methods
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