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Purpose: To evaluate the test-retest reliability of a contour-based stereoacuity test using a head-mounted display (HMD) and
compare it with other stereotests.

Methods: Thirty-two healthy adults aged 23-47 years were recruited from a tertiary hospital between August 2017 and July 2018.
Two separate contour-based circles (crossed disparity: 135-1,350 arcsecs) were generated on a high-resolution phone display
(Galaxy S7; Samsung, Seoul, Korea) using an HMD (Galaxy Gear VR). Two images were independently projected to each eye
as graded circles with a random dot background. The results of the new HMD stereotest were compared to those of the standard
Randot and TNO stereotests. The test-retest reliability was assessed using the Bland-Altman plot and Cohen’s kappa statistics.
Results: Among the 32 study participants, 17 (53%) were males and the mean age was 30.1 *+ 4.8 years (range: 23-47). The
mean stereoacuity was 160.3 + 53.5 arcsecs in the first HMD stereotest (HMD1), 28.4 + 12.5 arcsecs in the Randot stereotest,
96.1 + 83.5 arcsecs in the TNO stereotest, and 143.3 + 47.7 arcsecs in the second HMD stereotest (HMD2). The Bland-Altman
plot showed a mean difference of 0.042 (-0.189 to +0.272, 95% limits of agreement) between HMD1 and HMD2. The reliability
analysis showed an intraclass correlation coefficient of 0.499 (p = 0.022) and agreement of 81.25% in Cohen’s kappa statistics
(Cohen’s kappa index = 0.119, p = 0.017).

Conclusions: The HMD stereotest without monocular cues showed fair test-retest reliability and reproducibility. Further studies
using a high resolution display are needed to confirm the validity of the HMD stereotest.
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Table 1. The stereo acuity test using head-mounted display

Pixel disparity Arcsec Log arcsec
1 pixel disparity 135 2.13
2 pixel disparity 270 2.43
3 pixel disparity 405 2.61
4 pixel disparity 540 2.73
5 pixel disparity 675 2.83
6 pixel disparity 810 2.91
10 pixel disparity 1,350 3.13

Arcsec = seconds of arc.

Figure 1. A stereotest using head-mounted display. (A) Representative image of stereotest using head-mounted display. The subject
can select the answer using bluetooth joysteek. (B) Two separate images were shown at each eyes. Among three circles, only one
circle has retinal disparity, which induces stereopsis. The one pixel disparity generates 135 seconds of arc. The patient consented to
the use of these photographs.
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Table 2. The results of stereoacuity tests using three different stereoacuity tests

Number Sex/age (years) PD (mm) HMD1 Randot TNO HMD2
1 F/29 62 270 25 120 135
2 M/38 65 135 20 60 135
3 F/47 65 135 20 120 135
4 F/29 59 135 30 120 135
5 M/30 69 135 30 60 135
6 F27 58 270 20 120 135
7 M/34 64 135 25 120 135
8 M/29 63 135 30 60 135
9 M/26 63 135 30 60 135
10 F/31 58 270 25 120 135
11 M/29 65 135 25 30 135
12 F/35 61 270 70 120 405
13 M/35 67 135 20 30 135
14 M/24 66 135 20 60 135
15 M/24 65 135 30 60 135
16 F/24 60 135 20 15 135
17 F/30 62 135 20 60 135
18 M/32 62 135 30 120 135
19 F/32 62 135 30 60 135
20 M/31 66 135 30 120 135
21 F/29 61 135 20 120 135
22 F/26 61 270 20 120 135
23 M/27 69 135 30 480 135
24 M/31 62 135 20 120 135
25 M/34 63 135 20 30 135
26 F/30 59 135 20 30 135
27 F/30 58 270 50 240 135
28 M/27 64 135 30 60 135
29 M/35 62 135 25 60 135
30 M/23 63 135 30 60 135
31 F/29 61 135 25 60 135
32 F/25 61 135 70 60 135

The stereoacuity was presented as seconds of arc.

PD = pupillary distance; HMD1 = head-mounted display test (first trial); HMD2 = head-mounted display test (second trial); F = female; M

= male.
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Figure 2. Paired dot and box plot of stereoacuity test using
three different stereoacuity tests. Paired dot represents the ster-
eoacuity in each subject. Box plot represents overall the aver-
age of stereoacuity in each test. The results of the Randot ster-
eoacuity showed good stereoacuity compared to the other
methods (p < 0.001, Wilcoxon sign rank test). The results of
stereoacuity using head-mounted display showed good test-re-
test reliability (p = 0.017, Cohen’s kappa statistics). HMD1 =
first trial of stereotest using head-mounted display; HMD2 =
second trial of stereotest using head-mounted display.

Table 3. Categorical agreement between the Randot stereotest and the TNO stereotest in normal adult subjects

TNO stereotest (arcsec)

Randot stereotest (arcsec)

800-Nil 250-600 70-240 20-60
800-nil 0 0 0 0
250-600 0 0 0 0
70-240 0 0 1 1
20-60 0 1 12 17

The number of subjects represented by each category is embedded in each category.

Arcsec = seconds of arc.
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Figure 3. The Bland-Altman plot showing the differences be-
tween first trial of head-mounted display stereotest (HMD1)
and second trial of head-mounted display stereotest (HMD2) in
32 patients. Among 32 patients, five patients were outside the
95% limits of agreement (-0.189 to 0.272 log arcsec). HMD1
= first trial of stereotest using head-mounted display; HMD2
= second trial of stereotest using head-mounted display.
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2x: of2| 22 Y CJAZ2|0/(head-mounted display, HMD)Z 0|83 M22 UXAIZALS] A2l & 7|2 UR|AIZAIR} 2ot
01§ Eotalf HEULC.

CHAfmp g 201713 8EEE 20183 7&7X| 32| HA MolE 2EJICt HMD (Galaxy Gear VR, Samsung, Yongin, Korea)E

2510, Loto| 242k L i Z ol 37HO] ¥ 0[n|X|7t 0|1, 0] & B HHof Roj 7EHA Q] LBEAIRK135-1,350 arcsec)2 UH| HS

FHYCE Randol UAIZALRS TNO UTINZAIE Alslol, Z7HE BlZolT HMDE S8t AURIAIZA] MNEIES Bolch

Zal AKX & 32F, YA 173(53%), It LI0| 30,1 = 4 8M|FCE 1XF HMDZAAIM A B 160 + 542t Randot YUAMIA|AAL "t

28 £ 13x2F TNO YUMA|ZAF B 96 + 84F%Zt 2X} HMDZAF T 143 + 48%2t0| AMAIE HCH F HO| HMDAAIE

Bland—Altman plot@ 2 2MGIH I X}t0| 0.042 (—0.189 to +0.272, 95% limits of agreement)2 Aot UX|EE E 1D, AMZE

ZAOIA! 0.499 intraclass correlation coefficient (p=0.022), Cohen’s kappa £ 81.25%2] UX|=(Cohen’s kappa X|£4=0.119,

0=0.017)2 EE9| 1ieiNs EWE%_

ZAE: HMDZ A= St AM7t gl ME2 dAAEAECE B8 Maide ERICh Taid= CjAS2|0|E 0[88t HMDAAISE

S5t g2 UNMAl &H FTt C’J—_rlﬂ =5t
<[ stotutsta| x| 2022;63(3):301-308)
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