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Abstract (English) 
 

Introduction: To evaluate the test-retest reliability and validity of the new 

automated computerized distance visual acuity and stereoacuity test for 

children, which uses an interactive video game. 

 

Methods: A total of 102 children aged between 3 and 7 years underwent 

the Snellen visual acuity test, the Distance Randot Stereotest, and the new 

automated computerized distance visual acuity and stereoacuity test. The 

test-retest reliability and validity of the automated computerized tests 

were assessed and compared to the Snellen visual acuity test and the 

Distance Randot Stereotest with frequency distributions of the differences, 

Bland–Altman plots, and Deming regression. 

 

Results: The automated computerized distance visual acuity test had high 

test-retest reliability (95% limits of agreement ± 0.18 logMAR, 90.0% of 

the differences within 0.2 logMAR) and acceptable validity as compared 

to the Snellen visual acuity chart (95% limits of agreement ± 0.27 

logMAR, 81.3% of the differences within 0.2 logMAR). The automated 

computerized distance stereoacuity test had high test-retest reliability (95% 

limits of agreement ± 0.29 log arc second, 95.1% of the differences within 

0.3 log arc second) and acceptable validity as compared to the Distance 

Randot Stereotest (95% limits of agreement ± 0.35 log arc second, 93.9% 

of the differences within 0.3l log arc second). 

 

Conclusions: The new automated computerized distance visual acuity and 
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stereoacuity test, which uses an interactive video game, has good 

reliability and acceptable validity compared to the Snellen visual acuity 

chart and the Distance Randot Stereotest. 

 

* This work is submitted in American Journal of Ophthalmology 

----------------------------------------------------------------------------------------- 

Keywords: visual acuity, stereoacuity, video game, automated, 

computerized, reliability, validity 

Student Number: 2011-21981 
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I. INTRODUCTION 

An accurate measurement of visual acuity and stereoacuity is essential for 

the screening of amblyopia and disturbance of binocular vision in 

children.1-3 An accurate, standardized, and easy-to-perform visual acuity 

and stereoacuity measurement is necessary to screen for visual 

disturbance, especially outside the hospital setting. 

A computerized visual acuity and stereoacuity test is a potential 

alternative to visual function tests as community-based screenings or 

hospital-based measurements. Several studies have reported results of 

computerized visual acuity tests and stereoacuity tests.4-17 However, only 

a few studies have evaluated their validity compared to the standard tests, 

and most studies have not involved preschool-aged children. 

 We developed a computerized visual acuity and stereoacuity test 

and automated protocol to measure visual acuity and stereoacuity. In 

addition, we assessed the test-retest reliability and validated our new 

automated computerized test, comparing it with the Snellen visual acuity 

chart and the Distance Randot Stereotest in preschool subjects. 
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II. METHODS 

1. Subjects 

The institutional review board of Seoul National University Bundang 

Hospital (SNUBH) approved this retrospective observational case series 

study. A total of 102 children aged between 3 and 7 years who visited the 

pediatric ophthalmology and strabismus clinic of SNUBH participated. 

Only subjects who had completed all measurements were included. 

 

2. Automated computerized distance visual acuity and 

stereoacuity test 

We developed a computerized automated distance visual acuity and 

distance stereoacuity measurement program with an Adobe Flash–based 

user interface. It consists of picture-matching tasks in a video game format 

with several animated characters representing Seoul National University 

Children’s Hospital. In the visual acuity test, a single optotype or 

vectograph is presented, and then the subject must select a proper match 

from 3 examples in order to advance to the next stage of the game 

(Figure1, top). Optotypes in our computerized visual acuity test were 

black digits and Landolt rings with illuminated white backgrounds at 11 

levels with varying sizes corresponding to the Snellen visual acuity chart. 

One to three questions are asked at each visual acuity level. Correct 

responses to more than half of the questions at each level are required to 

progress to the next level. Starting at level 20/40, the level either goes up 
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or down, according to the subject’s response. In the computerized 

stereoacuity test, vectographs yielding thresholds of 60, 100, 200, and 400 

arc seconds (arcsec) are presented, the same as the Distance Randot 

Stereotest (Stereo Optical Co, Inc, Chicago, IL, USA). Vectographs were 

created using color anaglyph systems with complementary colors red and 

cyan. Four geometric shapes (circle, triangle, square, and star) were 

anaglyphed. At each stereoacuity level, 2 out of 2 correct responses are 

required to progress to the next level (Figure1, bottom). 

After all tests were completed, the results were displayed on a 

report screen. A report file was also generated on the desktop database, 

containing the subject’s identification, elapsed time, and the measurement 

of visual acuity and stereoacuity. 
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Figure 1. Screen shots of the automated computerized distance visual 

acuity test and stereoacuity test. It consists of picture-matching tasks in a 
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video game format with several animated characters representing Seoul 

National University Children’s Hospital. (Top) In the computerized visual 

acuity test, a single optotype is presented, which was one of the black 

digits and Landolt rings with illuminated white backgrounds at 11 levels 

with varying sizes corresponding to the Snellen visual acuity chart. The 

subject must select a proper match from 3 examples in order to advance to 

the next stage of the game. (Bottom) In the computerized stereoacuity test, 

a single vectograph is presented, which was one of the four geometric 

shapes (circle, triangle, square, and star) anaglyphed with complementary 

colors red and cyan yielding thresholds of 60, 100, 200, and 400 arc 

seconds. At each level, 2 out of 2 correct responses are required to 

progress to the next level. A pair of red-and-green glasses is used to 

dissociate the eyes during the test. 
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3. Evaluation procedures  

Each subject underwent a distance visual acuity test using the Snellen 

visual acuity chart and a distance stereoacuity test using the Distance 

Randot Stereotest administrated by eye care professionals and at a 

distance of 3 meters. Then, computerized tests were conducted by a non–

medical professional, who followed written instructions on the display 

terminal. An eye patch was applied to occlude the opposite eye during 

monocular computerized visual acuity tests, and a pair of red-and-green 

glasses was used to dissociate the eyes during the computerized 

stereoacuity test. The computerized visual acuity tests and stereoacuity 

tests were administered 2 times, in succession per subject. We used a 

desktop personal computer connected to a monitor. Subjects sat 3 meters 

away from the monitor and played with a computer mouse. Only the 

visual acuities of the left eyes were included in the analysis. 

 

4. Statistical analyses 

Visual acuity and stereoacuity values were transformed to logMAR and 

log arcsec for analysis. Transformed visual acuity ranged from 0.00 

(decimal visual acuity 1.0) to 1.00 (decimal visual acuity 0.1). For the 

decimal visual acuity worse than 0.1, the next log level (0.1 logMAR 

progression) above the largest disparity, 1.10, was assigned. Transformed 

stereoacuity ranged from 1.78 (60 arcsec) to 2.60 (400 arcsec), and the 

next log level (0.3 log arcsec progression) above the largest disparity, 2.90, 

was assigned for “nil.” 



 

７ 

The test-retest reliability between initial and repeated 

computerized tests and the validity of the computerized test compared to 

conventional tests were assessed according to the frequency distributions 

of the differences, Bland–Altman plots, and Deming regression.(18,19) 

Mean differences and 95% limits of agreement were evaluated and 

graphically presented as Bland–Altman plots. 

All statistical analyses were conducted with SPSS for Windows 

(version 18.0; SPSS, Inc) and Analyse-It statistical software (version 2.26; 

Analyse-It Software, Ltd). Continuous variables were expressed as means 

± standard deviations. 
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III. RESULTS 

1. Subjects 

The mean age of the 102 subjects was 5.0 ± 1.0 years. Fifty-three (52.0%) 

subjects were girls, 12 (11.8%) had a history of strabismus surgery, and 53 

(52.0%) had ocular deviation greater than 10 prism diopters. Thirty-seven 

(36.3%) subjects wore spectacles.  

The mean distance visual acuity of the left eye measured by the 

Snellen visual acuity chart was 0.22 ± 0.19 logMAR. The mean distance 

stereoacuity measured by the Distance Randot Stereotest was 2.81 ± 0.23 

log arcsec, and 85 (83.3%) subjects reported 2.90 log arcsec (“nil”).  

Of the total of 102 subjects, eighty subjects who underwent the 

computerized visual acuity test with digits and 81 subjects underwent the 

computerized stereoacuity test with final version were included in the 

reliability and validity analysis. 

 

2. Automated computerized visual acuity test  

The mean distance visual acuity of the left eyes measured by the 

computerized test was 0.18 ± 0.14 logMAR in the initial test and 0.22 ± 

0.17 logMAR in the repeated test. 

Table1 shows the agreement between the initial and repeated 

computerized tests, and between the Snellen visual acuity chart and the 
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initial computerized test. 95% limits of agreement was ± 0.18 logMAR 

between the initial and repeated computerized tests, and ± 0.27 logMAR 

between the Snellen visual acuity chart and the initial computerized test. 

These results are also represented in the Bland–Altman plots in Figures 2 

and 3. 

Ninety percent of the repeated computerized test measurements 

were within 0.2 logMAR units of the initial measurements (0.2 logMAR 

unit represents 2 logMAR lines on a visual acuity chart). The initial 

computerized test measurements were within 0.2 logMAR units of the 

Snellen visual acuity chart measurements in 81.3%.  

 A greater level of disagreement between measurements in those 

with worse visual acuity can be inferred from Figures 2 and 3, suggesting 

proportional biases. The results of Deming regression performed to 

investigate for such proportional biases are presented in Table 2. 

Significant proportional biases existed between measurements with the 

initial and repeated program measurements, and between the Snellen 

visual acuity chart and initial program measurements. However, there was 

no constant bias between measurements. 

Thirty-four subjects (42.5%) who were under the age of 5 

showed similar result compared to whole subjects, 95% limits of 

agreement was ± 0.19 logMAR between the initial and repeated 

computerized tests, and ± 0.27 logMAR between the Snellen visual acuity 

chart and the initial computerized test. 
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Table 1. Automated computerized visual acuity test: test-retest agreement 

and the agreement compared to the Snellen visual acuity chart 

 
Mean 

difference 

95% 

CI 

for 

the 

mean 

SD 

differences 

95% CI 

for 

agreement 

Min/Max 

difference 

Initial 

program 

measurement 

– repeated 

program 

measurement 

(logMAR) 

-0.03 

-

0.05, 

-0.01 

0.09 
-0.21, 

0.14 

-0.22, 

0.20 

Snellen visual 

acuity chart 

measurement 

– initial 

program 

measurement 

(logMAR) 

0.05 
0.02, 

0.08 
0.14 

-0.22, 

0.31 

-0.22, 

0.48 

CI = confidence interval, SD = standard deviation 
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Figure 2. Automated computerized visual acuity test: Bland–Altman plots 

for comparison between the initial and repeated test (test-retest 

agreement). The repeated computerized test showed worse visual acuity 

results compared to the initial test in subjects with poor visual acuity. 

However, there was no constant bias between measurements. 
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Figure 3. Automated computerized visual acuity test: Bland–Altman plots 

for comparison between the Snellen visual acuity chart and the 

computerized test. The computerized test showed better visual acuity 

results compared to the Snellen visual acuity chart in subjects with poor 

visual acuity. However, there was no constant bias between measurements. 
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Table 2. Automated computerized visual acuity test: Deming regression 

analysis for proportional and systematic bias between the initial and 

repeated tests, and between the Snellen visual acuity chart and the 

computerized test. 

Model 

Deming 

regression slope 

(SE) 

95% CI 

slope 

95% CI y 

intercept when 

x = 0 

Initial program 

measurement (y), repeated 

program measurement (x) 

(logMAR) 

0.80 (0.05) 
0.70, 

0.90 
-0.01, 0.04 

Snellen visual acuity chart 

measurement (y), initial 

program measurement (x) 

(logMAR) 

1.40 (0.20) 
1.01, 

1.79 
-0.09, 0.04 

SE = standard error; CI = confidence interval 
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3. Automated computerized stereoacuity test 

The mean distance stereoacuity measured by the computerized tests was 

2.88 ± 0.11 log arcsec in the initial test and 2.83 ± 0.18 log arcsec in the 

repeated test. Among the 81 subjects who underwent the computerized 

stereoacuity test, 79 (97.5%) and 69 (85.1%) reported 2.90 log arcsec 

(“nil”), respectively. 

Table 3 shows the agreement between the initial and repeated 

computerized tests, and between the Distance Randot Stereotest and the 

initial computerized test. 95% limits of agreement was ± 0.29 log arc 

second between the initial and repeated computerized tests, and ± 0.35 log 

arc second between the Distance Randot Stereotest and the initial 

computerized test. 

The repeated program measurements were within 0.3 log arcsec 

units of the initial program measurements in 95.1% (0.3 change of the log 

arcsec corresponds to doubling of the stereoacuity). The initial program 

measurements were within 0.3 log arcsec units of the Distance Randot 

Stereotest measurement in 93.9%.  

Thirty-one subjects (38.3%) who were under the age of 5 also 

showed similar result compared to whole subjects, 95% limits of 

agreement was ± 0.27 log arc second between the initial and repeated 

computerized tests, and ± 0.46 log arc second between the Distance 

Randot Stereotest and the initial computerized test.  
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Table 3. Automated computerized stereoacuity test: test-retest agreement 

and the agreement compared to the Distant Randot Stereotest 

 
Mean 

difference 

95% 

CI 

for 

the 

mean 

SD 

differences 

95% CI 

for 

agreement 

Min/Max 

difference 

Initial 

program 

measurement 

– repeated 

program 

measurement 

(log arcsec) 

0.05 
0.02, 

0.08 
0.15 

-0.23 to 

0.33 
0.00, 0.60 

Distant 

Randot 

Stereotest 

measurement 

– initial 

program 

measurement 

(log arcsec) 

-0.06 

-

0.10, 

-0.02 

0.18 
-0.40 to 

0.29 

-0.90, 

0.30 

arcsec = arc second; CI = confidence interval; SD = standard deviation 
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IV. DISCUSSION 

We developed an automated computerized test measuring distance visual 

acuity and distance stereoacuity by means of an interactive video game for 

preschool subjects and evaluated its test-retest reliability and validity 

compared to the standard tests. The results support the test-retest 

reliability and validity of our automated computerized test as a measure of 

visual acuity and stereoacuity in subjects aged 3 to 7 years. 

The aim of vision screening in children is to identify visual 

pathology early in life when effective interventions can be offered. Early 

vision screening programs are most useful in younger children, in whom 

amblyopia therapy is most effective, and early treatment resulted in 

improved visual outcomes and a lower prevalence of amblyopia.(20,21)  

However, reliable and efficient measurement of visual acuity and 

stereoacuity in preschool-aged children is difficult. Because children lose 

interest rapidly, it is difficult to distinguish between inability and loss of 

interest. To minimize distractions, we used an interactive video game 

format with several animated characters. In addition, our program used 

picture matching, which has been proven to have high testability in 

younger children.(16) Various visual acuity charts, like HOTV, Lea 

symbols, and Tumbling E, were introduced for preschool vision screening. 

The Lea symbol chart and HOTV chart produced constant bias, better than 

visual acuity scores obtained with the ETDRS charts and Electronic-

ETDRS (E-ETDRS) charts for subjects 5 to 7 years old and 5 to 12 years 
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old, respectively.(22,23) However, most printed charts are not stimulating, 

and they can rapidly lose the interest of the subject. This may reduce the 

effectiveness of the test, which gives no guarantee of reliability or validity 

when administered to children. 

The electronic visual acuity (EVA) test and computerized 

logMAR visual acuity measurement system (COMPlog) are the most 

commonly used computerized visual acuity tests.(4,5,7,11,12,16,17) A 

comprehensive MEDLINE literature search found no study evaluating the 

validity of EVA and COMPlog in preschool subjects compared to the 

standard tests. In addition, no computerized stereoacuity test has been 

evaluated for reliability and validity in preschool subjects. Even with good 

reliability, the tests cannot replace the standard tests without proper 

validation. 

Both EVA and COMPlog require instructor judgment of whether 

the responses are correct or incorrect. In EVA, an instructor determines 

whether to progress to the next step. These interventions can cause 

interobserver variations and biased results. Screening for amblyogenic 

factors in subjects aged 3 to 5 years with Lea symbol charts also resulted 

in interobserver disagreement, nurses and lay screeners had different 

sensitivities.(24) An automated test can minimize interobserver variations 

and may yield concordant results. It also consumes less manpower, which 

is a major advantage in mass screening. 

EyeSpy 20/20 (VisionQuest 20/20, Mesa, AZ) is an automated 
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computerized vision-screening program that tests whether subjects can 

pass a threshold of 20/32 visual acuity and stereoacuity of 300 arcsec. 

Trivedi et al (25) reported the results of a pilot study comparing the 

vision-screening results of school-aged children tested with EyeSpy 20/20 

and standard tests. EyeSpy 20/20 is a threshold test, so the result of this 

study cannot be directly compared with our findings. A threshold test has 

advantages in mass screening because it consumes less time. However, the 

threshold test has limited value in clinical practice because it cannot 

measure changes over time and interocular differences. In addition, 

subjects who barely passed the threshold may have false sense of security 

in vision, which can cause loss of later vision screening. Average time 

taken for our automated computerized visual acuity and stereoacuity test 

was 6.8 ± 1.9 minutes, compared to 4.43 ± 1.91 and 3.92 ± 1.37 minutes 

for EyeSpy 20/20.(25) However, our computerized test measures the exact 

values, which are more useful in clinical practice and more informative 

for subjects and carers. 

Loss of interest in the test may have largely contributed to the 

poorer results and larger disagreement between measurements, especially 

in subjects with poor visual acuity. Subjects with poor visual acuity had to 

undergo more steps resulting in longer testing times. In addition, repeating 

the test may fail to hold the subjects’ interest. This explains why repeated 

computerized tests showed worse results compared to initial tests in 

subjects with poor visual acuity (Figure 2).  

Meanwhile, our automated computerized test had an interactive 
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video game format with highly engaging graphics to attract attention, 

which may encourage subjects not to give up, resulting in better visual 

acuity values. This explains the better visual acuity result obtained with 

the computerized test, compared to the Snellen visual acuity chart, for 

subjects with poor visual acuity (Figure 3). It shows a potential role of our 

automated computerized test in the eye care practice, as complementary 

tests for visual acuity and stereoacuity measurements to minimize the 

effect of distraction in preschool-aged children. 

Our study had several limitations. The study sample did not 

represent the general population aged 3 to 7 years. The subjects in this 

study had higher proportions of strabismus and refractive error, which 

may cause poorer visual acuity and stereoacuity compared to the age-

matched healthy population.(24,25) Thus, these findings require careful 

interpretation. In addition, our study did not evaluated near stereoacuity 

unlike most previous vision screening studies.(20,28) However, distance 

stereoacuity measurement is more useful in detecting intermittent 

exotropia, which predominant in Asian populations, because near 

stereoacuity is often preserved until late in the course of the condition.(29) 

Finally, we did not evaluate the testability of our new automated 

computerized test. However, all subjects who could use a computer mouse 

were administered the automated computerized test, which they all 

completed without difficulty. Further studies of sensitivity, specificity, and 

predictability of screening for visual impairment are needed. In the future, 

our automated computerized test may be made available on the Internet as 
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a free self-screening tool, and also used in the office for visual acuity 

measurements in children.  

In conclusion, our new automated computerized visual acuity 

and stereoacuity test, in a video game format, has reliability and validity 

comparable to the Snellen visual acuity chart and the Distance Randot 

Stereotest. Our automated computerized test can be used as the 

community-based vision screening test as well as complementary distance 

visual acuity and distance stereoacuity test in the eye care practice for 

preschool-aged children. 

  



 

21 

 

V. REFERENCES 

1. Schmidt P, Maguire M, Dobson V, Quinn G, Ciner E, et al. Comparison 

of preschool vision screening tests as administered by licensed 

eye care professionals in the Vision In Preschoolers Study. 

Ophthalmology. Apr 2004;111(4):637-650. 

2. Bertuzzi F, Orsoni JG, Porta MR, Paliaga GP, Miglior S. Sensitivity and 

specificity of a visual acuity screening protocol performed with 

the Lea Symbols 15-line folding distance chart in preschool 

children. Acta Ophthalmol Scand. Dec 2006;84(6):807-811. 

3. Chang CH, Tsai RK, Sheu MM. Screening amblyopia of preschool 

children with uncorrected vision and stereopsis tests in Eastern 

Taiwan. Eye (Lond). Dec 2007;21(12):1482-1488. 

4. Beck RW, Moke PS, Turpin AH, Ferris FL 3rd, SanGiovanni JP, et al. A 

computerized method of visual acuity testing: adaptation of the 

early treatment of diabetic retinopathy study testing protocol. Am 

J Ophthalmol. Feb 2003;135(2):194-205. 

5. Rice ML, Leske DA, Holmes JM. Comparison of the amblyopia 

treatment study HOTV and electronic-early treatment of diabetic 

retinopathy study visual acuity protocols in children aged 5 to 12 

years. Am J Ophthalmol. Feb 2004;137(2):278-282. 

6. Gonzalez EG, Tarita-Nistor L, Markowitz SN, Steinbach MJ. 

Computer-based test to measure optimal visual acuity in age-

related macular degeneration. Invest Ophthalmol Vis Sci. Oct 

2007;48(10):4838-4845. 



 

22 

 

7. Laidlaw DA, Tailor V, Shah N, Atamian S, Harcourt C. Validation of a 

computerised logMAR visual acuity measurement system 

(COMPlog): comparison with ETDRS and the electronic ETDRS 

testing algorithm in adults and amblyopic children. Br J 

Ophthalmol. Feb 2008;92(2):241-244. 

8. Kumar S, Bulsara M, Yogesan K. Automated determination of distance 

visual acuity: towards teleophthalmology services. Clin Exp 

Optom. Nov 2008;91(6):545-550. 

9. Ehrmann K, Fedtke C, Radic A. Assessment of computer generated 

vision charts. Cont Lens Anterior Eye. Jun 2009;32(3):133-140. 

10. Schlenker MB, Christakis TJ, Braga-Mele RM. Comparing a 

traditional single optotype visual acuity test with a computer-

based visual acuity test for childhood amblyopia vision screening: 

a pilot study. Can J Ophthalmol. Aug 2010;45(4):368-374. 

11. Shah N, Laidlaw DA, Brown G, Robson C. Effect of letter separation 

on computerised visual acuity measurements: comparison with 

the gold standard Early Treatment Diabetic Retinopathy Study 

(ETDRS) chart. Ophthalmic Physiol Opt. Mar 2010;30(2):200-

203. 

12. Shah N, Laidlaw DA, Rashid S, Hysi P. Validation of printed and 

computerised crowded Kay picture logMAR tests against gold 

standard ETDRS acuity test chart measurements in adult and 

amblyopic paediatric subjects. Eye (Lond). Apr 2012;26(4):593-

600. 

13. Yang JW, Son MH, Yun IH. A study on the clinical usefulness of 



 

23 

 

digitalized random-dot stereoacuity test. Korean J Ophthalmol. 

Dec 2004;18(2):154-160. 

14. Kim J, Yang HK, Kim Y, Lee B, Hwang JM. Distance stereotest using 

a 3-dimensional monitor for adult subjects. Am J Ophthalmol. Jun 

2011;151(6):1081-1086 e1081. 

15. Moussa MA, Leat SJ, Faubert J. The moving dynamic random dot 

stereosize test: validity and repeatability. J Pediatr Ophthalmol 

Strabismus. Nov-Dec 2003;40(6):341-348. 

16. Holmes JM, Beck RW, Repka MX, Leske DA, Kraker RT, et al. The 

amblyopia treatment study visual acuity testing protocol. Arch 

Ophthalmol. Sep 2001;119(9):1345-1353. 

17. Cotter SA, Chu RH, Chandler DL, Beck RW, Holmes JM, et al. 

Reliability of the electronic early treatment diabetic retinopathy 

study testing protocol in children 7 to <13 years old. Am J 

Ophthalmol. Oct 2003;136(4):655-661. 

18. Bland JM, Altman DG. Statistical methods for assessing agreement 

between two methods of clinical measurement. Lancet. Feb 8 

1986;1(8476):307-310. 

19. Deming W. Statistical Adjustment of Data. New York: Wiley; 1943. 

20. Mathers M, Keyes M, Wright M. A review of the evidence on the 

effectiveness of children's vision screening. Child Care Health 

Dev Nov 2010;36(6):756-780. 

21. US Preventive Services Task Force. Vision screening for children 1 to 

5 years of age: US Preventive Services Task Force 

Recommendation statement. Pediatrics Feb 2011;127(2):340-346. 



 

24 

 

22. Brown SM. Comparison of the amblyopia treatment study HOTV and 

electronic-early treatment of diabetic retinopathy study visual 

acuity protocols in children aged 5 to 12 years. Am J Ophthalmol. 

Sep 2004;138(3):512; author reply 512-513. 

23. Dobson V, Clifford-Donaldson CE, Miller JM, Garvey KA, Harvey 

EM. A comparison of Lea Symbol vs ETDRS letter distance 

visual acuity in a population of young children with a high 

prevalence of astigmatism. J AAPOS. Jun 2009;13(3):253-257. 

24. Vision in Preschoolers Study Group. Preschool vision screening tests 

administered by nurse screeners compared with lay screeners in 

the vision in preschoolers study. Invest Ophthalmol Vis Sci. Aug 

2005;46(8):2639-2648. 

25. Trivedi RH, Wilson ME, Peterseim MM, Cole KB, Teed RG. A pilot 

study evaluating the use of EyeSpy video game software to 

perform vision screening in school-aged children. J AAPOS. Aug 

2010;14(4):311-316. 

26. Tarczy-Hornoch K, Varma R, Cotter SA, McKean-Cowdin R, Lin JH, 

et al. Risk factors for decreased visual acuity in preschool 

children: the multi-ethnic pediatric eye disease and Baltimore 

pediatric eye disease studies. Ophthalmology. Nov 

2011;118(11):2262-2273. 

27. Wang J, Hatt SR, O'Connor AR, Drover JR, Adams R, et al. Final 

version of the Distance Randot Stereotest: normative data, 

reliability, and validity. J AAPOS. Apr 2010;14(2):142-146. 

28. Afsari S, Rose KA, Pai AS, et al. Diagnostic reliability and normative 



 

25 

 

values of stereoacuity tests in preschool-aged children. Br J 

Ophthalmol. doi:10.1136/bjophthalmol-2012-302192. 2013.01.03 

29. Stathacopoulos RA, Rosenbaum AL, Zanoni D, et al. Distance 

stereoacuity. Assessing control in intermittent exotropia. 

Ophthalmology Apr 1993;100(4):495-500. 

 

 

 

 

 

 

  



 

26 

 

     

: 소아  원거리 시   원거리 입체시를 할  있는 

게임  이용한 자동   산  프 그램  

개 하 고, 이  신뢰   효  평가하고자 한다. 

 

법: 3 부  7  사이   102명  소아를 상  Snellen 

시 검사, 원거리 Randot 입체시검사, 그리고 새  개  자동  

 산  원거리시   입체시  프 그램  시행하 다. 

복검사신뢰   Snellen 시 검사, 원거리 Randot 

입체시검사  한 효  차  분포분 , Bland–Altman 

도   Deming 회귀분  이용하여 분 하 다.  

 

결과: 자동   산회  원거리시 검사는 높  복검사 

신뢰  보 며 (95% limits of agreement ± 0.18 logMAR, 90.0% 

 차가 0.2 logMAR 내에 분포함), Snellen 시 검사 할  

한 효  보 다 (95% limits of agreement ± 0.27 logMAR, 

81.3%  차가 0.2 logMAR 내에 분포함). 자동   산회  

원거리입체시검사는 높  복검사 신뢰  보 며 (95% 

limits of agreement ± 0.29 log arc second, 95.1%  차가 0.3 log arc 

second 내에 분포함), 원거리 Randot 입체시검사  할  

한 효  보 다 (95% limits of agreement ± 0.35 log arc 

second, 93.%  차가 0.3 log arc second 내에 분포함). 
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결 : 새  개 한 소아  원거리 시   원거리 입체시를 

할  있는 게임  이용한 자동   산  

프 그램  좋  복검사신뢰도를 보 며, 원거리 Randot 

입체시검사  할  한 효  보 다. 

 

* 본 내용  American journal of ophthalmology 학 지에 출  

내용임 

----------------------------------------------------------------------------------------- 

주요어: 시 , 입체시, 게임, 자동 , 산 , 신뢰 , 

효  

학  번: 2011-21981 
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