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Purpose: To investigate the correlation of the visual function assessed using a smartphone and low-end virtual-reality
(VR) device with test results of phoria and fusional vergence. Methods: Twenty people, including nine men and eleven
women, with a normal or corrected visual acuity of over 1.0 and an average age of 23.05 + 1.05 years, were selected as
participants. The ocular deviation and horizontal fusional vergence of the central and peripheral regions were measured
using a VR device and compared with the horizontal phoria and fusional vergence results at near and distance, obtained
using a phoropter. Results: The horizontal ocular deviation obtained using the VR device relatively correlated with the
phoria at near (p = 0.068, »=0.416). Further, the total fusional vergence obtained using the VR device showed relatively
significant correlations with the total fusional vergence in foveal and peripheral regions of the visual function at near
(foveal: p=0.030, r=-0.487; peripheral: p =0.063, r =—-0.424). Conclusions: Measuring trends in the visual function
with the use of smartphones and inexpensive VR devices is possible.
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Fig. 1. Schematic configuration of a virtual-reality device.
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Fig. 2. Test optotypes in a virtual-reality device. A. Test
charts for fusional vergence in the foveal region,
B. Test charts for fusional vergence in the peripheral
region, C. Test charts for ocular deviation.
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Fig. 3. Experimental procedure.
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Table 1. Correlation between the ocular deviation obtained using a virtual-reality device and horizontal phoria (**p-value < 0.1)

VR device Visual function test
— p-value Pearson’s r
Eye deviation (mm) Horizontal phoria (A)
At far 1.58+2.09, Exo 0.520 0.153
7.64+4.52 =
At near 5.10+4.89, Exo 0.068 0.416
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Fig. 4. Correlation coefficient analysis between ocular deviation obtained using a virtual-reality (VR) device and phoria
obtained using a visual function test. A. Correlation between ocular deviation obtained using a VR device and
phoria at distance obtained using a visual function test, B. Correlation between ocular deviation obtained using
a VR device and phoria at near obtained using a visual function test.
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Table 2. Correlation between the total fusional vergence reserves obtained using a virtual-reality device and the result of

the visual function test

(*p-value < 0.05; **p-value < 0.1)

Total fusional vegence reserves VR device (mm) Visual function test (2) p-value Pearson’s r
At far 29.40+8.77 0.528 —-0.150
Foveal area 21.63+10.19 =
At near 36.25+8.95 0.030 —-0.487
) At far 29.40+8.77 0.730 —-0.082
Peripheral area 28.72+12.59 ==
At near 36.25+8.95 0.063 -0.424
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Fig. 5. Correlation coefficient analysis between the fusional vergences obtained using a virtual-reality (VR) device and

visual function test.

A. Correlation of the fusional vergence at distance in the foveal region between that

measured by the VR device and visual function test, B. Correlation of the fusional vergence at distance in the
foveal region between that measured by the VR device and visual function test, C. Correlation of the fusional
vergence at distance in the peripheral region between that measured by the VR device and visual function test,
D. Correlation of the fusional vergence at near in the peripheral region between that measured by the VR

device and visual function test.
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