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Figure 1. A prototype of PC-based visual field tester. (A) PC
monitor (19 inch, Flatron L1940 plus, LG Electronics, Korea;
pixel pitch = 0.294 mm) for presenting targets for testing a
visual field. (B) visor for shielding outside lights, helping con-
centration during test, selecting an eye to be tested and main-
taining the distance between the eye and the monitor. (C) face
support for maintaining the position of the eye and supporting
comfortable posture. (D) input device for fixation target (1 or
2) confirmation. (E) input device for target detection.
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=2 Visual Field Testing SAW. [E=sEen =
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. . .
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«» Of the right eye [¥8
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(249)

C¢ & ian Technology (EDT) Laborat

Figure 2. The target locations of the visual field testing S/W
for the right eye. The visual field forms 24° superiorly, in-
feriorly, temporally, and 30° nasally. The location of a blind
spot was 1° superiorly and 16° temporally from the fixation
target positioned at the center of a visual field area. The total
number of target locations is 56 (1 for the fixation target, 54
for visual field targets, and 1 for blind spot).

Table 1. Distribution of age and gender of participants in visual field testing

Gender 20s 30s 50s 60s Total
Male 1 1 2 3 8
Female 1 1 3 - 6
Total (%) 2(14.3) 2(14.3) 2(14.3) 5@35.7) 3(21.4) 14 (100)
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Step1: Introduction ‘
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+ Selection of the eye
change eye

« Identification of the testing distance

Step2: Visual field testing preparation ‘

]

After 1 min

+ Random presentation of
four conditions

break,
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Step3: Visual field testing

i Fixation error rate(%) < 40%

Yes

Step4: Subjective evaluation ‘

Figure 3. Experimental procedure. Four-step visual field test-
ing is conducted: S1 = Introduction; S2 = Identification of
the testing distance, alignment between the eye and the fix-
ation target on the screen, and fixation of the face on the face
support; S3 = Visual field testing randomly by 4 conditions
(dot-on, dot-off, number-on, and number-off), 1 minute break
among each condition; S4 = Evaluation of subjective sat-
isfaction (7-point scale).
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Figure 4. Results of visual field testing performance and subjective satisfaction. Dot-on condition: central target =
dot and sound = on; dot-off condition: central target = dot and sound = off; number-on condition: central target =
1 or 2 and sound = on; number-off condition: central target =
+ SE). (B) Subjective satisfaction by using 7-point scale (mean + SE).

1 or 2 and sound = off. (A) Fixation error rate (mean
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Figure 5. The rates of missing targets near the blind spots at the left eye (A) and right eye (B).

271(10.0 + 3.0%) 3} dot—on Z7(8.6 + 2.8%)°] H|3}
oF 1.3-1.88) o ol 27E 7t Aol= FAH o=
rofekA] skt

3 Y| 7] Al FEHES SAIA R FOfRE A}
o7} glo] M= B 95-96%9] =0 AEIRILE Hol
Aog vehgrh 7 fEEolA AlEERIES dot—on
279 A0 959 + 4.7%, dot—off 279 AL 953 +
5.1%, number—on Z7A2] 7% 94.9 + 4.5%, number—off
Z279 79 95.3 £ 4.3%= o=}

npxeto 2 23 T SHoA = A AT E A
3l ZZAE(dot—on, number—on)o] Zﬂ—‘—OPXl a8
E(dot—off, number—off)o] B3] EAH R {2314 4
S5 oz uobEgirk(Fig. 4B). Dot—on Z7(5.7
0.22)3} number—on 27A(5.4 + 0.27)9] FH =24
WEZE L dot—off 27A(4.9 £ 0.374)} number—off 271
(4.8 £0.27) B} 1.2 = FoatA =2 o2 e
(A1, 108]1=8.57, p=0.004)

FN 2
H o AL of

L

B A Bk AR AR AoRIAE Slato]
AlOFAAR A TIRAES] AAE SEHOR AALS i“l
o) WYFES FESH WHS mAS G /1€ o
& FE AORIALY] B8 FAE 913 AE AA algo—
rithm @S 0 A2 AlopR L 9% A 2 )
W ATELT S oLk B AR Slto]
S ARE] AE AMRE G AER DA Gl
de A A glch & A wAA] #0183
FA717) S15tel Aot Snigls AR AHTHE A
22 ARSI £ AT AlokzlAh Akl Ay B4

= flsto] AIAE ARRFE Y A4 ojgS &40

2 A o ole Ble g dtolth
AL FE ol ddider TP W2 WHoRs

dot—off 273} number—on 27, AT =7} 7} &2 W

WO R dot—on 271} number—on A0 AAE =
g, o] F 71X 2H& 37 1188 49 number—on &4
o] A3l Ao g ot it | FPAAFY] A4 dot—off
ZARNAIAH L HFE=5.7%)3} number—onZ71(6.4%)0]
o2 210l vl FASHAl Al e fgo] Fe AoR
ThetE|Sict 4 WhE = dot—on 274(5.77) 2} number
-on 27(5.448)0] dot—off 27(4.98)1} number—off %
A(4.83) Bt Ao =2 Zor yeyth IEE
of that AFE AEo] 2l5tH dot—onZ 73} number—on%
A9 AR e a4 ATt AHARNE ZAJAI7|AL
o3 Alaee] i = QA S0l AloRg A Eaa 5
= Ao= wofE ek o3t WHARRY] A RS
22 A7 A5 (auditory signal) 7} QI7Fe] F9] 5L &
=ak=t] T} Qoks A oJste] Sk 4= glck

AOFAAL Aol gk AREEA] Ax}, Adele] Wi 2

S 2HE 3° oyl A== Alsko] tsto] 9%k 7t
o Lo%sk 21% A SHSIT 4 e A0 spotsispe
(Fig. 5). o]&#|gh W2 AFEERIES Wt 3° o2 A
#7F 9hgo] 7°Q1 Wi ol xFE7| WjEom FHH
o} 7)12 KRS 2ARE A3}, WY FHo R
3° oyl AAE]= AlES] 9 HA= 3= mean
deviation (MD)¥} 7+ global index A4l AJoj= ZﬂQ]E]
= A2 gotE Qi) uehA AlopgARY] Aok W &
e flste] Aol 2% AlESS AlOFEAR Al ’\P
|t g o] =k

B ATE HEHE ALY SEPES AokAl) 4

1404 www_ophthalmology.org



—O0|X[& 2| : PCYIHF AIOHAME S8t Ml ATy REYY A7 -

S = SHollA FHrkekled, 5 AA I R
WS AlopdAL Aato]| tste] AlglA] S Aol Hrket
A3 AA] 7HA 0] Al = it uA s dFE F
Askz A7t Zasieh Ao ALY e 2
Ao A 1T A1 e F-&T} tlEo] false—positive

errort} false—negative error@} Z+2- reliability index** 2

BA3te] AAE 2= Qle} 3t B Ao A 3w Aok
APl AP TS B3 TtetEl ol WE AR 02 A
FEAIA HAG0T vek 1525 50t o4 23)0] g5
=g, o|e} o] Afolst A& AA] 7HA Q] AH-go] AJAL
3 %— w0 aale} Sek(confounding) o] E|A] Ft=A]
3% Was A=d Bast Aok
AloFALe] A e fls e gle PCYI
AloFAR = Aol Al ARESEAL Q= 71 AloFEAM |
g 4= Sl=Alof et 7&%0&% | % 243t 7|
aL7Fe] AJoFHA =
A L85 H vk PC7]uk AJokAA
ol A7z B 4 Qlof qfi JH]ZL E
FE71Ee B, w5 A 3 5
t}. o] fsliA= PC7HE AIOVMVH *101:74 A
71E AloFALZ1 9] AloFAL ATHE BlaL #4 5o
-8/l thgt A5ol Basieh A Alof HAF Al PC
‘«lEi—E— ARG 7 S 21 20 oste] fiE 4
Aok ALl thet @aFe B AR AAE

shoq shae 4 gt

4>fg
a1
R L@ N oo o =

eieAiIn )
ox &

[e]

AR

=
<]

REFERENCES

1) LeeJ, Lee B, Kim Y, et al. The effect of eye fixation control method
on visual field testing. In Proceedings of the 2011 Fall Conference
of Ergonomics Society of Korea 2011.

2) Henson DB, Evans J, Chauhan BC, Lane C. Influence of fixation
accuracy on threshold variability in patients with open angle
glaucoma. Invest Ophthalmol Vis Sci 1996;37:444-50.

3) Kim CH, Lee DC. Analysis of eye movement features in Korean
recognition procedure. In Proceedings of the 1995 Spring
Conference of Ergonomics Society of Korea 1995.

4) Lee J, Lee B, Kim Y, et al. Evaluation of an ergonomic gaze fix-
ation induction method for effective visual field testing. In
Proceedings of the 2012 Fall Conference of Ergonomics Society of
Korea 2012.

5) Carl Zeiss Meditec Inc. Humphrey® Field Analyzer II-i series

~

User Manual. 2005; 92.

6) Anderson DR. Perimetry with and without automation, 2nd ed. St.
Louis: CV Mosby, 1987; 104.

7) Choi JA, Lee NY, Park CK. Interpretation of the Humphrey Matrix
24-2 test in the diagnosis of preperimetric glaucoma. Jpn J
Ophthalmol 2009;53:24-30.

8) Fan X, Wu LL, Ma ZZ, et al. Usefulness of frequency-doubling
technology for perimetrically normal eyes of open-angle glaucoma
patients with unilateral field loss. Ophthalmology 2010;117:
1530-7.

9) Giuffré I. Frequency doubling technology vs. standard automated
perimetry in ocular hypertensive patients. Open Ophthalmol J
2009;3:6-9.

10) Kogure S, Toda Y, Tsukahara S. Prediction of future scotoma on
conventional automated static perimetry using frequency doubling
technology perimetry. Br J Ophthalmol 2006;90:347-52.

11) Nomoto H, Matsumoto C, Takada S, et al. Detectability of glau-
comatous changes using SAP, FDT, flicker perimetry, and OCT. J
Glaucoma 2009;18:165-71.

12) Brusini P. Frequency doubling technology staging system 2. J
Glaucoma 2006;15:315-20.

13) Dersu I, Wiggins MN. Understanding Visual Fields, Part II;
Humphrey Visual Fields. J Ophathalmic Med Technology
2006;2:1-10.

14) Bengtsson B, Olsson J, Heijl A, Rootzén H. A new generation of
algorithms for computerized threshold perimetry, SITA. Acta
Ophthalmol Scand 1997;75:368-75.

15) Turpin A, McKendrick AM, Johnson CA, Vingrys AJ. Development
of efficient threshold strategies for frequency doubling technology
perimetry using computer simulation. Invest Ophthalmol Vis Sci
2002;43:322-31.

16) Anderson AlJ. Spatial resolution of the tendency-oriented peri-
metry algorithm. Invest Ophthalmol Vis Sci 2003;44:1962-8.

17) Chan K, Lee TW, Sample PA, et al. Comparison of machine learn-
ing and traditional classifiers in glaucoma diagnosis. IEEE Trans
Biomed Eng 2002;49:963-74.

18) Moreno-Montafiés J, Anton A, Garcia N, et al. Glaucoma proba-
bility score vs Moorfields classification in normal, ocular hyper-
tensive, and glaucomatous eyes. Am J Ophthalmol 2008;145:360-8.

19) Wroblewski D, Francis BA, Chopra V, et al. Glaucoma detection
and evaluation through pattern recognition in standard automated
perimetry data. Graefes Arch Clin Exp Ophthalmol 2009;247:1517-30.

20) Wogalter M, Leonard S. Attention capture and maintenance. In:
Wogalter M, Dejoy D, Laughery K, et al. Warnings and risk com-
munication, 4th ed. London: Taylor & Francis, 2005; chap. 7.

21) Fletcher W. The big blind spot syndromes. 1996 North American
Neuro-Ophthalmology Society Annual Meeting. 1996;1:59-65.

22) Fasih U, Shaikh A, Shaikh N, et al. Evaluation of reliability of visu-
al field examination in glaucoma patients. Pak J Ophthalmol 2009;
25:145-51.

phthalmology.org 1405



- Cfsteratets|x| 20134 A 54 M M 9 S -

=ABSTRACT=

A Study for Effective Gaze Fixation Induction Methods in PC-Based
Visual Field Testing

Ji Hyoung Lee', Baek Hee Lee', Hyun Ji Park’, Jeong Han Choi, MDS,
Hee Cheon Youl’z, Ja Heon Kang, MD, PhD?

Department of Industrial and Management Engineering, POSTECH', Pohang, Korea
Department of Creative IT Excellence Engineering, POST] ECH’, Pohang, Korea
Department of Ophthalmology, Kyung Hee University Hospital at Gangdong, Kyung Hee University College ofMea’icineg, Seoul, Korea

Purpose: The present study explored novel methods in visual field tests that actively induce the gaze of the examinee to
the fixation target in the center vision and compared their effectiveness.

Methods: Four gaze induction methods (dot-on, dot-off, number-on, and number-off) were prepared by combining 2 types
of fixation targets (dot and number) and 2 conditions of sound presence (on and off). The gaze induction methods were im-
plemented to a PC-based visual field testing system and the 24-2 visual field testing protocol was administered to 14 par-
ticipants without glaucoma. The performance of the gaze induction method was evaluated in terms of fixation error rate,
target detection rate, and subjective satisfaction (7-point scale, 1 for least satisfied and 7 for most satisfied).

Results: The fixation error rates of dot-on (5.7%) and number-on (6.4%) were relatively lower than the other methods; the
target detection rates of the induction methods were very high (95-96%) without significant differences, and the subjective
satisfaction levels of dot-on (5.7) and number-on (5.4) were significantly higher than the other methods.

Conclusions: In the present study we determined number-on as the preferred effective gaze induction method compared
to the conventional dot-off method when fixation error rates and subjective satisfaction were considered.

J Korean Ophthalmol Soc 2013;54(9):1401-1406

Key Words: Gaze induction, Glaucoma, Visual field test
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