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Eye Movement-based Visual Discomfort Analysis from Watching
Stereoscopic 3D Contents Regarding Brightness and Viewing Distance

Yong-Woo Kim*, Hang-Bong KangH

ABSTRACT

When watching 3D contents, people often experience various visual discomforts like tiredness, dryness,

headaches, and dizziness. Previous researches on visual discomfort analyzed and concluded vergence-

accommodation conflict, viewing distance, and brightness changes to be the causes of visual discomfort.
Yet it is necessary to systematically analyze the visual discomfort due to the changes in object, background
brightness and viewing distance. In this paper, we produce four videos that have four different background
brightness and two different viewing distances to solve analyze the visual discomfort from watching
3D contents. We measure and analyze eye-blink and saccadic movement, saccadic latency, Nearest Point
of Convergence (NPC), and participant survey for amore accurate result compared to previous researches.

Our results show that the eye-blink rate and saccadic latency increase when the background is bright

and viewing distance is close while the saccadic movement decreases in the same environment. However,
NPC only changes when the background brightness changes. We confirm that the bright background
and near viewing distance create greater visual discomfort and decrease depth perception abilities.

Key words: Visual Discomfort, Brightness, Viewing Distance, Eye Movement, Near Point Of

Convergence
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Table 1. Survey questions
Degree No it is not. yes it is.
Questions 1 2 3 4 5

Q1. Do you feel eyestrain?

Q2. Do you feel eye dryness?

Q3. Do you see a double image?

Q4. Do you see blurry?

Q5. Do you have a headache?

Q6. Do you feel dizziness?

Q7. Do you have a hazy feeling?

Q8. Do you have a sensational feeling in your eye?
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Table 2, Multiple comparisons of eye—blink
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Multiple Comparisons

Scheffe
(I) Brightness_ (J) Brightness_ | Mean Difference Std. Sig. 95% Confidence Interval
Type Type (I-Dn Error Lower Bound | Upper Bound
2 -17.42000 7.76218 173 -39.3088 4.4688
1 | dimension 3 | 3 -41.66000" 7.76218 .000 -63.5488 -19.7712
4 -85.80000" 7.76218 .000 -107.6888 -63.9112
1 17.42000 7.76218 173 -4.4688 39.3088
2 | dimension 3 | 3 -24.24000 7.76218 023 -46.1288 -2.3512
dimension 2 4 *68.38000% 7.76218 .000 -90.2688 -46.4912
1 41.66000 7.76218 .000 19.7712 63.5488
3 | dimension 3 | 2 24.24000" 7.76218 .023 2.3512 46.1288
4 -44.14000" 7.76218 .000 -66.0288 -22.2512
1 85.80000" 7.76218 .000 63.9112 107.6888
4 | dimension 3 | 2 68.38000" 7.76218 .000 46.4912 90.2688
3 44.14000" 7.76218 .000 22.2512 66.0288

*, The mean difference is significant at the .05 level.



1730

HEIOICIOES ==X M19& X9=(2016. 9)

Table 3. Paired sample test of eye—Dblink

Paired Samples Test

Paired Differences
Std Std E 95% Confidence Interval ¢ df Sig.
Mean t i otd. Error of the Difference (2-tailed)
Deviation Mean
Lower Upper

Pair 1 g%—g} 9220000 | 5471669 | 1094334 38504 | 4478594 | 2029 | 24 | 054
Pair 2 g;gg 2776000 | 57.81096 | 1156219 380681 | 5162319 | 2401 | 24 | 024
. D1_B3 _ . , -
Pair 3 | Di-ho | 3408000 | 55.00380 | 1101876 | 1133840 | 5682160 |3.093 | 24 | 005
Pair 4 g;—gj 4540000 | 50.06030 | 1001216 | 2473592 | 6606408 | 4534 | 24 | 000

Table 4, Multiple comparisons of saccadic movement

Multiple Comparisons

Scheffe
(I) Brightness_ (]) Brightness_ | Mean Difference Std. Sig. 95% Confidence Interval
Type Type (I-] Error Lower Bound | Upper Bound
2 203.60000" 55.40767 .004 47.3540 359.8460
1 | dimension 3 | 3 482.00000 55.40767 .000 325.7540 638.2460
4 598.60000" 55.40767 .000 442.3540 754.8460
1 -203.60000" 55.40767 .004 -359.8460 -47.3540
2 | dimension 3 | 3 278.40000" 55.40767 .000 122.1540 434.6460
dimension 2 4 395.00000i 55.40767 .000 238.7540 551.2460
1 -482.00000° 55.40767 .000 -638.2460 -325.7540
3 | dimension 3 | 2 -278.40000" 55.40767 .000 -434.6460 -122.1540
4 116.60000 55.40767 222 -39.6460 272.8460
1 -598.60000 55.40767 .000 -754.8460 -442.3540
4 | dimension 3 | 2 -395.00000 55.40767 .000 -551.2460 -238.7540
3 -116.60000 55.40767 222 -272.8460 39.6460
#, The mean difference is significant at the .05 level.
Table 5, Paired samples test of saccadic movement
Paired Samples Test
Paired Differences
Std. Std. Error 95% Conﬁdepce Interval ¢ df Sig.
Mean o of the Difference (2-tailed)
Deviation Mean
Lower Ubpper

Pair 1 gé’g} -376.80000 | 297.19130 59.43826 | -499.47454 | -254.12546 -6.339 | 24 .000
Pair 2 | DiD0 | 27520000 | 20776830 | 4155366 | -300.96254 | -189.43746 | 6623 | 24 | 000
Pair 3 | Dipo | -200.40000 | 30360095 | 60.72199 | 41572403 | ~165.07597 | 4782 | 24 | .00
Pair 4 g%’gj -387.60000 | 188.24364 37.64873 -465.30315 | -309.89685 | -10.295 | 24 .000
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Table 6. Multiple comparisons of saccadic latency
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Multiple Comparisons

Scheffe
(I) Brightness_ (J) Brightness_ | Mean Difference Std. Sig. 95% Confidence Interval
Type Type (I-1 Error Lower Bound | Upper Bound
2 -6.18000 5.08668 688 -20.5241 8.1641
1 | dimension 3 | 3 -33.60000" 5.08668 .000 -47.9441 -19.2559
4 -59.88000" 5.08668 .000 -74.2241 -45.5359
1 6.18000 5.08668 688 -8.1641 20.5241
2 | dimension 3 | 3 ~27.42000 5.08668 .000 -41.7641 -13.0759
dimension 2 4 -53.70000" 5.08668 .000 -68.0441 -39.3559
1 33.60000 5.08668 .000 19.2559 47,9441
3 | dimension 3 | 2 27.42000" 5.08668 .000 13.0759 41.7641
4 -26.28000" 5.08668 .000 -40.6241 -11.9359
1 59.88000" 5.08668 .000 45.5359 74.2241
4 | dimension 3 | 2 53.70000 5.08668 .000 39.3559 68.0441
3 26.28000" 5.08668 .000 11.9359 40.6241

*, The mean difference is significant at the .05 level.



1732

HEIOICIOES ==X M19& X9=(2016. 9)

Table 7. Paired samples test of saccadic latency

Paired Samples Test

Paired Differences
. . 95% Confidence Interval ¢ df Sig.
Mean 5,td'v Std. Error of the Difference (2-tailed)
Deviation Mean
Lower Upper
Pair 1 g%_g% 13.44000 31.04443 6.20889 62549 26.25451 2.165 | 24 .041
Pair 2 | Dipg | 2364000 | 37.36072 | 747214 821825 | 3906175 | 3164 | 24 | 004
Pair 3 | Dy pa | 1280000 | 4082075 | 816415 | -404998 | 2964998 | 1568 | 24 | 130
Pair 4 | DE-D7 7 | 2616000 | 1213013 | 242603 | 2115203 | 3116707 | 10783 | 24 | 000
Table 8. Multiple comparisons of near point of convergence
Multiple Comparisons
Scheffe
(I) Brightness_ (]) Brightness_ | Mean Difference Std. Sig 95% Confidence Interval
Type Type (I-D Error & [Lower Bound Upper Bound
2 -.49740" 05592 .000 -.6551 -.3397
1 | dimension 3| 3 -1.68940" 05592 .000 -1.8471 -1.5317
4 -2.18940" 05592 .000 -2.3471 -2.0317
1 49740" .05592 .000 3397 6551
2 | dimension 3 | 3 -1.19200" .05592 .000 -1.3497 -1.0343
. . 4 -1.69200" .05592 .000 -1.8497 -1.5343
dimension 2 "
1 1.68940 5592 .000 1.5317 1.8471
3 | dimension 3 | 2 1.19200" .05592 .000 1.0343 1.3497
4 -.50000" .05592 .000 -.6577 -.3423
1 2.18940" 05592 .000 2.0317 2.3471
4 | dimension 3 | 2 1.69200" 05592 .000 1.5343 1.8497
3 .50000" 05592 .000 .3423 6577
*, The mean difference is significant at the .05 level.
Table 9. Paired samples test of near point of convergence
Paired Samples Test
Paired Differences
95% Confidence Interval ¢ df Sig.
Mean S,t d', Std. Error of the Difference (2-tailed)
Deviation Mean
Lower Upper
Pair 1| Do pl 25720 | 29813 05963 13414 38026 4314 | 24 | 000
. D1_B2 N .
Pair 2 D2 B2 48400 27489 05498 37053 59747 8.803 24 .000
. D1_B3 . - _
Pair 3 D2 B3 27600 30995 06199 14806 140394 4.452 24 .000
. D1_B4 . . - . P
Pair 4 D2 B4 .22000 37528 07506 .06509 37491 2.931 24 .007
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Multiple Comparisons

Tamhane
(I) Brightness_ (J) Brightness_ | Mean Difference Std. Sig. 95% Confidence Interval
Type Type I-Dn Error Lower Bound | Upper Bound
2 -.64000" 09107 .000 -.8848 -.3952
1 | dimension 3 | 3 -1.36000" .09630 .000 -1.6191 -1.1009
4 -2.04000" .10045 .000 -2.3104 -1.7696
1 .64000" 09107 .000 .3952 .8848
2 | dimension 3 | 3 -.72000" 10506 .000 -1.0021 -.4379
dimension 2 4 *1.40000:* .10887 .000 -1.6925 -1.1075
1 1.36000" .09630 .000 1.1009 1.6191
3 | dimension 3 | 2 .72000" 10506 .000 4379 1.0021
4 -.68000" 11328 .000 -.9842 -.3758
1 2.04000" 10045 .000 1.7696 2.3104
4 | dimension 3 | 2 1.40000" 10887 .000 1.1075 1.6925
3 .68000" 11328 .000 3758 9842

*, The mean difference is significant at the .05 level.
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Table 11, Multiple comparisons of survey question Q2

Multiple Comparisons

Scheffe
(I) Brightness_ (J) Brightness_ | Mean Difference Std. si 95% Confidence Interval
Type Type (-1 Error 8 Lower Bound | Upper Bound
2 -.34000 15435 187 =7753 .0953
1 | dimension 3 | 3 -1.40000" 15435 .000 -1.8353 -.9647
4 -1.84000" 15435 .000 -2.2753 -1.4047
1 .34000 15435 187 -.0953 7753
2 | dimension 3 | 3 -1.06000" 15435 .000 -1.4953 -.6247
. . 4 -1.50000" 15435 .000 -1.9353 -1.0647
dimension 2 " —
1 1.40000 15435 .000 .9647 1.8353
3 | dimension 3 | 2 1.06000" 15435 .000 6247 1.4953
4 -.44000" 15435 046 -.8753 -.0047
1 1.84000" 15435 .000 1.4047 2.2753
4 | dimension 3 | 2 1.50000" 15435 .000 1.0647 1.9353
3 .44000" 15435 .046 .0047 8753
*, The mean difference is significant at the .05 level.
Table 12, Paired samples test of survey questions Q1 and Q2
Paired Samples Test
Paired Differences
95% Confidence Interval ¢ a Sig.
Mean S'td'_ Std. Error of the Difference (2-tailed)
Deviation Mean
Lower Upper
. Q1_D1_B1 - -
Pair 1 01 D2 BI 40000 .50000 .10000 19361 .60639 4.000 24 .001
. 5| Q1_D1_B2 - o _ e
Pair 2 01 D2 B2 .24000 52281 .10456 02419 45581 2.295 24 031
. Q1_D1_B3 -
Pair 3 01 D2 B3 40000 50000 .10000 19361 .60639 4.000 24 001
. Q1_D1_B4 - _ _
Pair 4 Q1 D2 B4 72000 54160 10832 49644 .94356 6.647 24 .000
. _| Q2D1BI - _
Pair 5 02 D2 B1 40000 91287 18257 02319 77681 2.191 24 038
. Q2_D1_B2 -
Pair 6 02 D2 B2 60000 1.04083 20817 17037 1.02963 2.882 24 .008
. Q2_D1_B3 - . B _ . .
Pair 7 02 D2 B3 .32000 1.24900 .24980 19556 .83556 1.281 24 212
. Q2_D1_B4 - _
Pair 8 Q2. D2 B4 48000 87178 17436 12015 .83985 2.753 24 011
e AE2EE BASAT. B4 AAEA = 4 A AXZE F7HE RS A A A W
Moo ol AxNAY] WEel ZA5E, wol 31 sk W W = AU kL] DAt
TG 1 o] $HYo] HolHrh, ok, W = BuleH, Mok EY A5t GaT e FiH
A NkeEY B5 Aa 9 veFE 9L ARHE BU T 2 H2E =ATE AL
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