ISSN(print) 1226-5012
J Korean Ophthalmic Opt Soc. 19(4):533-538, December 2014

st

OI0IEHHE

0=

2UH SA} tiol=of E

http://dx.doi.org/10.14479/jk00s.2014.19.4.533

=
o i

e A

017

—

Usl, "FH
ZAghstar b733ekat, thd 302-718
EFrd014d 11€ 4Y), =44 20143 12€ 15Y), AAZHL 20143 12€ 18Y)
A BUE 27 ti¥] §Bisle] & o] J2EE S5t XUE 2 xS} wo F2ro] AR o

aff AFetaat skdet M Ha gAY 1.0 o] AL 53 (HTAE 22.68+1.85) T VISR HAbl
I3t 45 (FH AT 22,68+ 1.85)S tFO =2 712t Black(Bl 100%), Dark gray(THH] 80%), Gray(thB] 60%), Light
gray(lH] 30%) SALZ o] Fo7 4714 A|RE FARE Y= 3. 9A4A7) ARE Yv 53 o|EHAZ
A FFE FAst] BUE 22 tivlol] & Dzt o] D2 o] WelE At A% IS
HAZHAZHE Black, Dark gray, Gray, Light grayoll 4] 33.635 sec, 32.266 sec, 33.936 sec, 34.848 sec® =7 = At}
B o1 A 7S Black, Dark gray, Gray, Light gray®l| A 0.224 sec, 0.218 sec, 0.239 sec, 0.243 secZ =74 = At}

A
Atk W Frhare)

P
WNESe

F37]= Black, Dark gray, Gray, Light grayoll A 41.133 mm, 41.160 mm, 40.880 mm, 40.459 mm=Z =74 5|
Black, Dark gray, Gray, Light gray®l|4] 0.211 blinks/sec, 0.206 blinks/sec, 0.221 blinks/sec,

0.238 blinks/secZ SA = AT AE: IAAES] HASAHAY HH9 A7 Dark grayZF 7H8 #9kom,

Light grayoll A 7} 230t Hit 5837=

Dark grayollA 71 Z1.2™, Light grayollA 713 2kt He & @}

Hh) RIES4= Dark grayoll Al 7 A2, Light grayOﬂH 7P Btk ZUE 24 gl e o IEE
Dark grayol X 71 210 Black, Gray, Light gray 0.2 713191t}
FHof: FE%, M, ¢7I&E, FHAAARE, FAF
M B a1 gaFgo] AXY AAE AT 7 ATk AREARY
HHYRE A F QAL £ O A 23olA B

H "2=Ego] AA = HEg), 9= 2 SHEE | 2 548 FHE = US Btk
oA wlg- FFE Fes 7RIt B A A 19 5 22l o] T A A SA] JE-S FEI FR
go| o] At stAS AT 5 JA =HAHM Ago] a7 o] Folxint, o] IAPYLE HETHA] uj 7
Ak o 2 taFdo] Ax|Y AHEAES HEY o] A A Qjell QoA i) FAZE FAET) e vies
o] 718 AARE IR ARESH] wiio] tzEg ol o] FaL Qe v SAA 9 v A o] whet -]

w=E 5o QI Ae] FAASE o] WzET} F7)e
W 222 FER Bl Bk, ol ARwE A%

ZE Aoz A 7S & 4 S Aotk
B A7E BUE 24 tlel e d2eg 245,

A oS gojmg Bk o}, AREA Al 2EHAE HUES AAjE|t]o] AR A IYIRE A F
A VDT F5wrold F3FE v S5 o)zt A= HolEHE AFstr] A 71x A7 2 Aol
& v HFE AdH DA 2" 2% Aol

£3] AFE oA T F2 AA=Z AT FEEHA CHAM 2 e

e AS she Abgelu 91 347 8] g Y&

ZY ol 374 HH obﬂ}ﬂ A= ZAA A o ®ol 1. Cia

A, olefslt A4S el o] AAke] SA| rdgto] glal HdlwPAE 1.0014< AHAKHTA
A, AAA g2 ot T8-S o= 3lon o= 2 2268+ 1.85% UoZ YrEE AAE 163719 &
Z A8 H2EE F7MITHE weba] i1 273 oZ AAEH oM, 1237] o9 ol ¢ HHAE

3} 7ol HFF UFalo] g A Y ol

ARl AE AR ANSGET A A7)

*Corresponding author: Ju-Hyun Jeong, TEL: +82-42-600-6330, E-mail: jengju@konyang.ac.kr

533



o
[0
ol
o

534

Fig. 1. ASL Eye-Trac D6.
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33 8= AR 4598S e R A skl

2. dr
22 Bl e 2o AL vl S WhiteZ
T3 JHE A Black, Dark gray, Gray, Light
gray 471X 2 8o, AFo] NS Fol7] A3l Al
XE WO 7 A St A3kt SAFe] A CEI
A HlolHE 7]15F02 thH] 100%(Black), THH] 80%(Dark
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Table 1. Descriptive Statistics of letter contrast
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Fig. 2. Mean of event duration.

Light Gray

SAHACH HARE SAAE F Dark gray T O = &
2 SAAIIES BATE Grayoll A 33.936 sec, Light gray©ll
XM= 34.84 8secE = EH ATHTable 1). Black2 Dark
gray RO} oF 4% S7189.9 M, Gray= Black 2t} oF 1%
S7FFA AL Light gray Bth= ©F 3% 57183 T Gray=
Dark gray BT} 5% 5715} S ™ Light gray 2o} oF 4%
S7V8FA Y. Light gray= Black 2.t} ¢F 4% 718t th
(Fig. 2). Black, Dark gray, Gray, Light gray 24} T8 =
Zre] Bt SRR oS FR1817] $18te] Paired t-
tests AAISFATE SBAIKE $RF ofu g} H b1 A
2 BEEarl], A Nes T Ee oA 1A
oA Frolgt atolE FRIsHAE ZatAAIN 2 tiRlE A}
ZF ko] s gRIshks Aol 9rE F UK Table 2).
Black¥} Dark gray, Light gray®} BlackS B]nl 3k A}
t=0.571, =0.1922 t+= Y= Dark gray”’} Black %t}
Black®] Light gray Bt} &2 SHAIZHS H AT Dark
gray®} Gray, Dark gray2} Light grayollX< 5 Blal 25
t=-0.759, Gray®} Light grayoll A= t=-0287% t& 552
Dark gray”} Gray XU}, Dark gray”} Light gray 2T} T
e M-S HY O, Graye Light gray Rt} U] &
SAAREE BAT B E40A FostAE FSkA

Tkt 0. 2% v|Fo] Dark gray, Black, Gray, Light gray
o
-

FR6] =EoA SAHRIE 10SAIZ Wil SRR

Black Dark gray Gray Light gray
Event duration (sec) 33.635+8.52 32.266+7.78 33.936+9.28 34.848+9.04
Fixation duration (sec) 0.224+0.03 0.218+0.03 0.239+0.03 0.243+0.05
Pupil size (mm) 41.133£5.63 41.160+5.58 40.880+5.72 40.459+4.69
Blink frequency (blink/sec) 0.211£0.12 0.206+0.11 0.221+0.14 0.238+0.15
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Table 2. T-test for equality of means
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Black/ Black/ Dark gray/ Dark gray/ Gray/ Light gray/
Dark gray Gray Gray Light gray Light gray Black
t 0.571 0.088 —0.759 —0.759 —0.287 0.192
Event Duration
Sig. (2-tailed) 0.570 0.930 0.451 0.451 0.775 0.848
Average of t 0.887 -1.206 -2.063 —2.640 —0.636 1.815
Fixation Duration | Gjo (2-tailed) 0.378 0.233 0.043 0.011 0.527 0.075
Average of t —0.106 —0.403 0.167 0.167 0.465 —0.056
Pupil size Sig. (2-tailed) 0.916 0.688 0.868 0.868 0.643 0.956
t —0.048 0.331 0.369 —0.183 —0.580 0.239
Blink Frequency
Sig. (2-tailed) 0.962 0.741 0.713 0.856 0.564 0.812
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o] S7V8FA AL, sans serifA Al BT} serifA] Aol Al S A o8 Black DarkGray  Gray Light Gray

7re] st 543 dojue AHE BT old &
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secO & A EATH(Table 1). Blacke Dark gray Xt} <F
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6% =7}3FA 3L Dark gray BTh= oF 10% =73kt
Light gray®] 31 tFIAHA|TH Black 2T+ °F 8% <
7FtH 2™ Dark gray RO 12%, Gray®.t} F 2% 718k
Ath(Fig. 3). Black®} Dark grayS Hlu 3+ A3} t=0.887=
t= Y52 Dark gray’/} BlackiE Ul -2 IYAIIRS B
t}. Black®} Gray, Dark gray®} Gray, Light grayoll A< Z}
t=—1.206, t=—2.063, t=-2.640% t= <= Black HEt}
Gray’}, Gray, Light gray 2T} Dark gray’} o 22 174
AZHe BT} Gray9} Light grayd] BA0ME t= 9A]
=-0.6362 75 YERNO] Gray7} Light gray®th -2
TAGAZHE BYY Light gray9l Black®] #-2Jo|A=

Vol. 19, No. 4, December 2014

color

Fig. 3. Mean of average of fixation duration.

t=1.815% t= %= Blacko] Light gray Bt} &S 1173
AIZHe B TH(Table 2). B8 EA0)A Fosix= 23t
Aet 7o 2% w0 Dark gray, Black, Gray, Light gray
To & Fit MragATte] Eojue As & ASTh
Rayner, K 512] Q7o) oJshd 2o ¢]7] o &5 <F
TaGATre] FTFeH G AITte] Fvke A aARkE
] Q14S & 4 Aokl ojepr] dkal vt g Agte
29 S F5tel] nAskaL Y AlRte] At &
o]aL SAAINY BIs=gE HE|E Qb AP AIZo] Solvt
A O 4ol tigk EErt 7T Kol
H] E2F 5 Dark gray?! - B F&2717F 41.160
2 SR AN FANE 14 2 F
715 Btk Blackq! 7% 41133 mmE S8 = oH
Gray©l| A1 40.880 mm, Light grayoll A<= 40.459 mmZ% 3
A= AcK(Table 1). Dark grayS Black Xt} ¢F 0.1% =7}
SFRo™, Gray Bt} oF 1% 5718 Al Light gray BTk
= ¢F 2% 57153} Dark gray= Gray RO 1% 3718k
Fom Light gray Rt 2% 57189t Gray= Light
gray Bt} B 532717} 9F 1% S713F3HFig. 4). B
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Fig. 4. Mean of average of pupil size.
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2 Z4H o HAE SAA]E F Dark gray ThHO.2
A H=4E RYTE Grayoll A 0.221 blinks/sec, Light
grayoll Al+= 0.238 blinks/secZ 574 ¥ At} Black Dark
grayE.t}h oF 3% 571892, Grayw= Black2 T ¢F 5%
57V Dark gray® .t} oF 7% 57181t} Light gray=
Black®.t} 13%, Dark gray®.t} 16% <715 S.™, Gray
ROE 8% SV tH(Fig. 5). Black®} Dark grayS H|nl
St A3} t=—0.048% t= o= Dark gray’} Black}.t} &
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2 T NIE4E Bt} Black®} Gray, Dark gray<}
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7} Light gray Bo} RI=471 o 22 318 &+ AATh
Light gray®} Black®] 29| X= t=0.239Z Black®] Light
grayRth =Y RIE=SFTE A2 Ae o 5 e 2
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7]1ZF 2 & BlackS 4%, Grayt 5%, Light gray: 8% =7}
StA T HdSgAIFS Dark gray, Black, Gray, Light
gray 0.2 Z7sAT

PTG AIZEe] tiv|Z Aol WE P gkoll A Dark
grays 7|59 = Black 3%, Gray~ 10%, Light gray~—
12% S7Fstt. Hat Qb L A1ZH2 Dark gray, Black,
Gray, Light gray =02 S7FslHT

Ht F3A719 dHulEAtel W& Pk Black?
Dark grayoll A Bla % & 7|5 RA O™, Grayeh
Light grayell A Bla% & 533715 Bt

=R RIESro] thHlE Al e P gkl A Dark
grays 7|5 2 Blacke 2%, Gray™ 7%, Light gray™
16% S7FstAth. =249 W=+ Dark gray, Black,
Gray, Light gray =02 SV}l

2 AT A2 S Hriske 359 SR, Hd
AT IZAIRE, BsEar], A NEr T 54
b, BT LAY, £2H) WIESol A Dark
Black, Gray, Light gray <=0 2 3|2 %7} F718= 43S
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The Study of Visual Fatigue by Monitor Letter Contrast with an Eye Tracker
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Purpose: This study is to investigate correlation between eye fatigue and letter contrast according to letter
contrast changes on monitor display. Methods: Reading speed test were carried out for 53 subjects (mean age:
22.68 £ 1.85 years) who have over Best-corrected visual acuity (BCVA) 1.0, and 45 subjects, who could read over
123 out of 163 letters among 53 subjects were selected. They were asked to read the letters which were
composed of Black (contrast 100%), Dark gray (contrast 80%), Gray (contrast 80%), Light gray (contrast 30%)
randomly. The change of their eye fatigue by letter contrast on monitor display was measured by monitoring their
eyes with an eye-tracker while they were reading letters. Results: Event Duration (sec) was 33.635 for Black,
32.266 Dark gray, 33.936 for Gray, and 34.848 for Light gray. Average of Fixation Duration (sec) was 0.224 for
Black, 0.218 for Dark gray, 0.239 for Gray and 0.243 for Light gray. Average of Pupil diameter (mm) was 41.133
mm for Black, 41.160 mm for Dark gray, 40.880 mm for Gray and 40.459 mm for Light gray. Frequency (blinks/
sec) was 0.211 for Black, 0.206 for Dark gray, 0.221 for Gray, and 0.238 for Light gray. Conclusions: Event
Duration and average of Fixation Duration were the shortest for Dark gray and the longest for Light gray. In
average Pupil diameter was the biggest Dark gray and the smallest for Light gray. Blink Frequency (blinks/sec)
was the lowest for Dark gray and the highest for Light gray. Visual fatigue by brightness of letters on monitor
display was the least for Dark gray followed by Black, Gray and Light gray.

Key words: Fatigue, Contrast, Reading speed, Average of fixation duration, Reading error
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