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Purpose: This study aimed to minimize the impact of virtual reality (VR) on visual function by designing the optotype to
optimize the distance between the screens, VR lenses, and our eyes when watching VR. Methods: The study included 15
adults in their 20s (6 men, 9 women) without eye disease, with an average age of 22.93+2.46 years. A test chart to check
the alignment status with binocular fusion removed was created for VR using the modified Torrington test chart. A VR
roller coaster video was watched for approximately 8 minutes depending on the alignment/misalignment status of the eyes.
A visual function test was conducted before and after viewing, and comparative analysis was conducted. Results: In the
state of eye alignment, the convergence reserve recovery break point at distance was approximately 1.60 A and divergence
break point at distance was approximately 2.80 A, indicating a statistically significant increase (p<0.050). In the state of eye
misalignment, the distance heterophoria before and after watching the VR video changed in the exophoria direction by
1.73 A (p<0.050), while the distance convergence reserve break point was approximately 2.8 A and convergence recovery
point at distance was approximately 2.26 A, indicating a statistically significant decrease (p<0.050). Additionally, the
distance divergence reserve break point was approximately 3.46 A and divergence recovery point at distance was

approximately 3.00 A\, indicating a statistically significant increase (p<0.050). When the eye was misaligned, a statistically
significantly increase of approximately 0.17 D in the accommodative lag was observed (p<0.050). Conclusions: The results

indicate that watching VR after aligning the eyes will have a positive effect on reducing cybersickness due to a lack of
changes in heterophoria and accommodation compared to when the VR lenses are misaligned.
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Fig. 1. Modified Thorington test chart for virtual reality
device.
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Fig. 2. Changes in horizontal phorias at distance between
aligned and misaligned conditions.
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Fig. 4. Changes in convergence recovery point reserves at
distance between aligned and misaligned conditions.
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Fig. 5. Changes in divergence break point reserves at distance
between aligned and misaligned conditions.
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Table 1. Changes in visual function when aligning in virtual reality viewing

Aligned Pre N=15 Post N=15 p-value
Distance phoria 2.60£2.41 A Exo 2.63+2.79 A Exo 0.483
Near phoria 3.27+5.15 A Exo 2.60£6.35 A Exo 0.152
Divergence blur point at distance 7.53£2.63 A\ 7.38+4.29 A 0.450
Divergence break point at distance 10.80+4.02 A 13.60+£5.59 A 0.018"
Divergence recovery point at distance 5.33+2.50 A 7.73+£3.65 A 0.028"
Convergence blur point at distance 8.43+4.22 A\ 8.93+4.92 A 0.873
Convergence break point at distance 14.33+£7.06 A 14.40+7.52 A\ 0.483
Convergence recovery point at distance 5.80+4.49 A\ 7.40+£5.03 A 0.029"
Divergence blur point at near 8.64+4.60 A\ 8.07+4.86 A 0.164
Divergence break point at near 14.60+4.93 A 13.60+£5.59 A 0.128
Divergence recovery point at near 7.87£3.40 A 7.73+£3.65 A\ 0.424
Convergence blur point at near 11.5+£7.65 A 10.37+£7.50 & 0.329
Convergence break point at near 15.47+£6.66 A 14.47+7.85 A 0.289
Convergence recovery point at near 8.93+5.61 A 7.67£6.38 A\ 0.192
N.R.A 2.58+0.69 D 248+0.73 A 0.163
PR.A —2.28+1.67D -2.13£1.51 A 0.132
OD amplitude of accommodation 9.96+1.81 D 10.3443.06 A 0.310
OS amplitude of accommodation 10.47+£2.02 D 9.96+£2.55 A\ 0.733
OU amplitude of accommodation 13.65+£3.12 D 13.09+2.98 A 0.210
OD accommodative facility 15.93+5.34 cycle/min 16.40+6.45 cycle/min 0.284
OS accommodative facility 17.93+5.52 cycle/min 17.67+5.64 cycle/min 0.403
OU accommodative facility 15.93+5.40 cycle/min 15.80+6.44 cycle/min 0.448
Accommodation lag 0.52+0.31 D 0.37+0.39 D 0.330

*: p-value<0.050
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Table 2. Changes in visual function when misaligning in virtual reality viewing

Before After

Misaligned N=15 N=15 p-value
Distance phoria 2.93+2.43 A Exo 4.67+3.33 A Exo 0.016"
Near phoria 3.47£5.25 A Exo 3.47£5.25 A Exo 0.481
Divergence blur point at distance 6.69£1.25 A 7.92+£3.93 A 0.162
Divergence break point at distance 10.07£2.49 A 13.53+£5.26 A 0.020"
Divergence recovery point at distance 5.13£1.77 A 8.13+4.26 A 0.017"
Convergence blur point at distance 8.69+£5.42 A\ 7.9243.99 A 0.130
Convergence break point at distance 15.40+£8.44 A 12.60+6.57 A 0.039"
Convergence recovery point at distance 7.93+6.15 A 5.67+£3.44 I\ 0.036"
Divergence blur point at near 8.57+3.50 A 8.86+5.14 A 0.373
Divergence break point at near 13.20+£3.10 & 13.53+£5.26 A 0.344
Divergence recovery point at near 8.13+£3.18 A 8.13+4.26 A 0.500
Convergence blur point at near 10.38+6.26 A\ 8.63+6.67 0.053
Convergence break point at near 15.50+£6.20 A 15.00+£6.75 A 0.327
Convergence recovery point at near 9.33+6.16 A 8.73+5.31 A 0.310
N.R.A 2.5240.62 D 2.25+0.83 D 0.208
PR.A —2.05+1.66 D —2.20+2.11 D 0.251
OD amplitude of accommodation 9.3742.25D 9.09+£2.15D 0.185
OS amplitude of accommodation 10.35£2.30 D 9.62+2.30 D 0.065
OU amplitude of accommodation 13.0243.78 D 12.70+£3.54 D 0.378
OD accommodative facility 15.9345.43 cycle/min 16.07+5.86 cycle/min 0.460
OS accommodative facility 16.87+5.55 cycle/min 17.13+5.30 cycle/min 0.358
OU accommodative facility 15.4746.47 cycle/min 16.13+6.10 cycle/min 0.177
Accommodation lag 0.50+0.75 D 0.67+0.62 D 0.038"
*: p-value<0.050
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