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Purpose: Stereo-anomaly is commonly associated with amblyopia. An investigation was
conducted to determine whether the measurements of stereoacuity obtained with the stereoa-
cuity reference test (TNO Test) show an agreement with a computer stereoscope video game.
Methods: Thirty-two subjects (mean age 9.37+2.00 years) with an amblyopia history were
selected for a blind and randomized study of stereoacuity improvement through a new
random dot game. A masked examiner measured the stereoacuity three times per subject
using the TNO test (at the beginning, at the end and after 6 months of the treatment).
A second masked examiner measured stereoacuity using the new computerized game after
the TNO masked evaluation.

Results: The Pearson’s correlation coefficient one test against the other was > = 0.767 and
the Bland—Altman plot was r’= 0.069 (mean difference —0.03 log sec). Using three cate-
gories: poor (840-300 seconds of arc), coarse (480—210 seconds of arc) and moderate—fine
stereoacuity (210-30 seconds of arc). Positive predictive values were 89.5% for moderate—
fine; 72.7% for coarse; and 90.0% for poor stereoacuity. In addition, the agreement was
evaluated using the Kappa coefficient (K= 0.743) with a 0.95 confidence interval and lower
and upper Kappa limits were (0.628 and 0.858), respectively. Kappa coefficient and limits
were still good when analyzing data before (K =0.663, 0.420 and 0.906) and after the
treatment (K= 0.765, 0.632 and 0.899).

Conclusion: The Computerized Stereoscopic Game test allows the measure of stereoacuity.
It can be used for both the purpose of detecting stereo vision deficits or tracking stereo vision
development.

Keywords: amblyopia, computerized game test, gamification, stereoacuity, TNO test

Background
Stereo vision is the ability to compute depth information from the binocular
disparity between the images of an object received by the left and right eyes.'
Stereo vision requires good vision in both eyes, excellent oculomotor control, and
cortical mechanisms for sensory fusion. However, some anisometropic amblyopia
patients retain good stereo vision (as the spheric interocular difference increases,
the stereo vision generally decreases)™ but in patient with esotropic amblyopia the
presence of stereo vision is anecdotic.”

The evaluation of stereo vision is considered the gold standard in the examina-
tion of binocular visual function.' Stereoacuity is a relevant parameter in any

ophthalmic examination,” especially in the evaluation of amblyopia.
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Different tests have been developed to measure
stereopsis. Contour-based Titmus and Randot circles
stereoacuity tasks include monocular cues, at higher dis-
parity levels at least, which lead to a significant increase in
with
stereoacuity.® Random dot stereoacuity tests (global

false-positive  results in patients abnormal
stereopsis), being free of monocular cues, provide a pure
measure of stereoacuity and hence are highly sensitive to
binocular deficits.”® Between the random dot tests, the
TNO (Lameris Ootech BV, Ede, Netherlands) is the only
commercial test in anaglyph format and, according to
Vancleef and Read, is used by 19% of professionals.’
Stereoacuity scores with TNO higher than 120 arcsec
have been shown to preclude amblyopia.®

Nevertheless, the TNO test has a number of limita-
tions: the test relies on printed copies, the number of stereo
levels is limited to six, and a measurement error (or lucky
guess) of just one level would register a 50% fictitious
improvement. In fact, the poor test-retest reliability'® of
the TNO test makes it unable to detect subtle changes in
stereoacuity and hence not the best option for evaluation
of an amblyopia treatment.

The limitations described above could be avoided
using computerized tests. Breyer et al'! proposed the first
stereoacuity test based on the use of a 3D monitor and
infrared photo-oculography, with the objective of asses-
sing stereo vision in preverbal children under natural
visual conditions. Similarly, Kriegbaum-Stehberger,
Jiang, and Mojon'? proposed an autostereoscopic display
in conjunction with infrared photo-oculography to assess
stereo vision in children under the age of four. Han et al'?
subsequently developed another test based on the use of
3D displays to measure stereoacuity at both near and
distant viewing distances (0.5 and 3 m). Smith et al pro-
posed to measure the stereoacuity on a Nintendo 3DS.'*!?
And finally, Vancleef et al'® proposed to measure the
stereoacuity using an auto stereo 3D Tablet.

Stereoacuity can be improved using visual activities as
part of a perceptual learning strategy in subjects with

amblyopia' " 2°

as well as subjects with physiologically
normal vision.?'*? Perceptual learning improvements are
obtained after multiple repetitions of appropriately struc-
tured tasks, requiring the patient to interact with activities
that are not always engaging. A gamification strategy can
be used to more easily stimulate patient motivation and
interaction. Gamification can be defined as the use of game
thinking and game mechanics® in non-game contexts to

motivate users to solve problems. To the authors’

knowledge, there is no evidence of the potential utility of
these gamified activities as an alternative method of mea-
suring stereoacuity in perceptual learning treatments. The
aim of the current study was to evaluate the level of
agreement between stereoacuity results obtained with the
conventional TNO stereo test and those measured with
a new computerized, gamified, random dot stereo test
developed by our research group.

Materials and Methods

Participants

Thirty-two stereo-deficient children aged from 7 to 14
years (mean age 9.4 £2.0 years) participated in the study;
21 were female and 11 males. The participants had
a history of treatment for amblyopia (optical correction
and posterior occlusion and orthoptic/ vision therapy)**
and were enrolled in a proof of concept study, with
a prospective, double blind and parallel group design, the
goal of which was to improve stereopsis, using perceptual
learning therapy with random dot stimuli in the form of
a video game. This study was published in 2018."
Summarizing, the difference between groups was signifi-
cative, with a significance level of 5%; the statistical
power associated to this analysis was 80%; and compli-
ance was excellent (mean percentage of compliance was
88.36%, median 100% (1IQ: 78.50 to 100).

The monocular best-corrected distance visual acuity of
participants was > 0.1 logMAR and the range of stereoa-
cuity thresholds was from 200 to 800 arcsec (values
according to Randot Preschool Stereoacuity Test).

The treatment consisted of using the computer game
for a total of 60 daily sessions of 8 minutes (4,800
responses).

This research was conducted in compliance with the
Declaration of Helsinki and approved by the Ethics
Committee of Autonomous Community of the Basque
Country, Spain (04/2013). The participants and their par-
ents signed an informed consent before entering into the
study.

Examination Protocol

All the participants underwent three complete ophthalmic
examinations by an experienced examiner at an ophthal-
mology centre: once before entering the study, again after
completion of the treatment (60 sessions of perceptual
learning), and once again six months after completion of
the treatment.
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Visual evaluation included refraction under cycloplegic
conditions and spectacle correction prescribed according
to Pediatric Eye Disease Investigator Group (PEDIG)
guidelines.?>**® The presence of ocular pathology was dis-
carded by means of slit lamp and ophthalmoscopic exam-
ination. The binocular examination included a cover test at
near distance using a 20/30 equivalent letter pasted on
a tongue depressor held at 40 cm.?’ Stereoacuity was
evaluated using three different commercial tests: Randot
Preschool Stereoacuity Test, Wirt circles and TNO. In
addition, a new computerized stereoscopic game was
used to evaluate stereopsis. The test measurements for
the computerized stereoscopic game were obtained by
a different specialist at an optometric centre. The practi-
tioner ensured that the distance from the patient to the
screen was maintained at a constant 80 cm to enable
a fine level of stereoacuity. The illumination was consis-
tent in both clinical settings for all participants during all
three measurements (120 cd/m?).

The TNO stereo test and New Computerized
Stereoscopic Game measurements were performed in dif-
ferent days and different Clinics.

Standard TNO Stereo Test

The TNO test uses random dot stimuli with red-green
glasses to separate the images presented to each eye. No
monocular clues are present and the stereo target is not
outlined by monocular visible contours. The commercial
book includes seven sheets: sheets I to IV include different
images to detect coarse stercopsis and possible suppres-
sion issues, and sheets V to VII are designed to measure
stereoacuity. The measurement interval of this test ranges
from 480 to 15 seconds of arc in five steps (50% improve-
ment per step). To progress to subsequent levels, the
patient has to successfully guess the location of a missed
quadrant in two consecutive circles (forced choice proce-
dure) of the level under evaluation.

New Computerized Stereoscopic Game
Test

The New Computerized Stereoscopic Game test is an
anaglyphic game. All scene elements are filtered using
anaglyph technique, avoiding crosstalk and high discre-
pancy between each eye perceived images, caused by red
or cyan pure elements. Different anaglyph techniques have
been implemented in the game, allowing the user to
choose the one that best fits both the computer screen

colors and the anaglyph glasses he is using. User has
also to set the screen size before using the game. The
game runs in Microsoft Windows computers.

In this new test, as with other random dot stereo tests,
a random dot image is used to conceal a silhouette (Figure 1,
Supplementary Video S1). The program was designed to be

used as a perceptual learning tool, and the test was gamified to
enhance compliance. The test asks the child to find an object
hidden in a sand box. The program presents a cloud of random
dots, from which the silhouette of an object will be perceived
by the child if they have the appropriate level of stereopsis. At
the same time, four silhouettes are shown at the bottom of the
screen; the child must choose the silhouette that corresponds to
the object presented in the random dot image. If the child
selects the correct silhouette, the real object appears in colour,
providing positive feedback. If the wrong silhouette is chosen,
two more attempts are allowed. After three failed attempts, the
program automatically reveals the correct solution, and a new
hidden object is displayed. Sounds also provide positive and
negative feedback on each attempt (Supplementary Video S1).
A total of 26 different hidden objects are used in the test to
avoid repetition of the same examples. Three different cate-

gories (of difficulty) of working stereopsis are pre-defined in
the game: poor (840300 arcsec), coarse (480-210 arcsec) and
moderate to fine stereopsis (210-30 arcsec). The program is set
so that it operates in the category corresponding to the initial
stereoacuity obtained by the patient. Once the patient has been
allocated to one of the three categories described above, they
will train in this category. Each category has 10 levels of
stereoacuity, with different levels for each session; the patient’s
goal is to advance to level 10. To advance to the next level, the
patient must correctly identify the hidden object on three con-
secutive occasions. If the patient fails to identify the hidden
object three times, the program maintains the same level of
stereopsis. The program measures stereopsis as the last level of
stereoacuity at which the subject correctly identifies the hidden
object on three consecutive occasions (the probability of
advancing to the next level by chance is 1/64 or 1.6%).

The program was designed to measure stereoacuity
levels up to 30 seconds of arc. In fact, the finest level
stereoacuity capable of being measured depends on the
distance from the screen and the pixel resolution. In the
case of a screen with a width of 345 mm and a horizontal
resolution of 1920 pixels, for example, if the child sits
80 cm from the screen — as in our study — the finest
measurable stereoacuity will be 46.5 seconds of arc.

Participants spent approximately 2 minutes completing
the stereo acuity measurement test.
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Figure | Logical process of the game. The subject must identify the hidden silhouette, selecting one from those shown in the bottom part of the screen (left image). If the
answer is correct, the software plays a high-pitched sound and the same image appears in the form of picture (right image). If the subject provides three consecutive correct
answers, the software generates a new screen with a random dot image representing a finer stereopsis. If the subject provides a wrong answer, the software plays a deep
sound and the random dot image does not change (left image). Finally, if the subject provides three consecutive wrong answers, the software shows the right answer (right

image).

Statistical Analyses
Agreement between the stereoacuity scores obtained with
TNO and the new Computer Stereoacuity Game test was
assessed using different methods. First, the raw results were
presented to show and compare the data distribution, grouped
per stereoacuity level, session number (1, 2 or 3), and type of
test. The stereoacuity results were then transformed to natural
log scale for a first statistical analysis. All stereo thresholds are
expressed as log10, thereby meeting the normality assumption
of the linear model and facilitating comparison of test varia-
bility at low and high stereoacuity thresholds, irrespective of
which test is used. The use of log score in stereopsis, through
unusual in clinical practice, is widely used in stereopsis
research.'®!'*** The agreement between the two tests was
compared by plotting the scores each participant obtained in
one test against those they obtained in the other. Pearson
correlation coefficients of the measurements obtained with
the two stereoacuity tests were calculated. In addition, the
difference between the test scores derived from each partici-
pant was plotted against their mean stereoacuity score (Bland—
Altman plots). These approaches enabled the agreement
between the two stereoacuity tests to be assessed across the
entire spectrum of possible stereoacuity scores.

The third analysis examined the agreement between the
two tests as a function of the category of stereoacuity

achieved by each participant. Stereoacuity was categorized
as moderate—fine (<200 seconds; <2.30 log sec), coarse
(200—600 seconds; 2.30-2.78 log sec), and poor (>600 sec-
onds; 2.78 log sec). Agreement was evaluated using the
Kappa coefficient. Kappa values within the intervals 0.41—
0.60, 0.61-0.80, and 0.81—1.0 indicate moderate, substantial,
and almost perfect agreement, respectively.’ Positive pre-
dictive value (PPV) percentages were also calculated.
Finally, the categorical agreement between both tests
was analyzed as a function of the session number. If there
were a learning side effect of the Computerized
Stereoscopic Game test as a result of the perceptual learn-
ing tasks carried out by the participants, an increase in the
categorical differences would be discernible between trial
#1 and trials #2 and #3, when compared to the TNO test.

Results

The sample consisted of a total of 32 patients with a history
of amblyopia; four of these had a history of refractive
amblyopia, and 28 had a history of strabismic amblyopia.
The mean baseline monocular best-corrected distance visual
acuity in the dominant eye was 0.01 logMAR =+ 0.05, ranging
from a minimum value of —0.01 logMAR to a maximum of
0.10 logMAR. In the eye with a history of amblyopia, the
mean monocular best-corrected distance visual acuity was
0.06 logMAR + 0.04, ranging from a minimum value of
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—0.04 logMAR to a maximum value of 0.10 logMAR. Thirty
of the participants presented with hyperopia, one presented
with myopia and one with emmetropia.

The raw test scores obtained by each of the participants
in the sample are presented in Table 1, where they are
grouped according to stage (#1, before the perceptual
learning treatment; #2, upon completion of the treatment;

Table | Raw Test Scores Obtained by Each Individual Subject
per Session

Table 2 Categorical Agreement Between the TNO Test and the

CSG by Individual Subjects

TNO\CSG Poor | Coarse Moderate-
Fine

Total raw Poor 32 5 0
data Coarse 4 30

Moderate—fine 0 5 18
Stage #l Poor 12 | 0

Coarse 3 13 0

Moderate—fine 0 2 |
Stages #2— Poor 22 2 0
#3

Coarse 0 20 4

Moderate—fine 0 0 16

Subject Session #I Session #2 Session #3
TNO CSG | TNO | CSG TNO | CSG
| 840 840 240 270 240 210
2 240 240 120 90 60 60
3 840 840 840 840 840 840
4 840 840 840 780 840 840
5 840 840 840 720 840 720
6 240 540 240 240 240 150
7 480 480 480 240 480 240
8 840 840 840 720 840 720
9 840 840 840 720 840 660
10 120 240 60 90 60 60
I 120 420 60 150 60 120
12 480 840 240 840 480 600
13 480 840 480 390 480 450
14 240 240 60 60 120 60
15 240 360 120 240 120 150
16 840 840 840 600 840 780
17 240 600 240 420 480 540
18 840 360 840 360 240 210
19 240 450 120 210 840 780
20 480 420 480 270 240 210
21 840 780 840 780 840 840
22 120 150 60 90 60 90
23 840 840 840 840 840 840
24 840 780 840 360 840 420
25 480 360 120 90 240 60
26 840 780 840 660 840 840
27 840 840 840 840 840 780
28 480 420 120 270 240 240
29 480 840 60 150 240 330
30 240 300 240 270 240 360
31 240 360 30 60 30 60
32 480 360 120 90 120 120

Note: Stereoacuity thresholds are provided in arc seconds.
Abbreviation: CSG, Computerized Stereoscopic Game test.

Notes: Each cell represents the number of results that fall into each combination of
categories. The table shows the raw agreement considering tests performed only in
Stage #| (pre-perceptual learning treatment); only in Stages #2 and #3 (post-
perceptual learning treatment); and in all sessions taken together (total raw data).
The diagonal data cells (in bold) reflect full agreement between both tests.

and #3, six months after completion of the treatment) and
type of test (TNO or computer-based test).

Those patients who showed stereopsis in response to
the first sheets of TNO test, but failed the coarser TNO test
sheets (480 arcsec), appear with an arbitrary level of 840
arcsec in Table 1. Table 2 shows the raw data distribution
according to the stereoacuity level recorded in both tests,
considering also the session number. For example, with the
Computerized Stereoscopic Game test, a measure of 840
arcsec was obtained on 21 occasions. This level of stereoa-
cuity was obtained 12 times in the first session, four times
in the second session, and five times in the third.

The results of the two tests have been plotted against
each other in Figure 2A and B. The Pearson correlation
coefficient between individual scores was 1°=0.767
(p<0.001) (Figure 2A). The slope of the line of regression,
with a specific value of 37.3 degrees, was less than 45
degrees.

The agreement between the two test scores was also
represented in Figure 2B by plotting the differences
between the test scores of each participant against the
mean of their two test scores. This type of plot is known
as a Bland-Altman plot, which also enables us to assess
whether the agreement depends on the level of stereoa-
cuity. The mean difference between the computer-based
and TNO test scores was —0.03 SD + 0.197 log sec, with
a correlation coefficient of r’= 0.069 (p=0,04).

Table 2 shows the categorical agreement between the
TNO test and the computer-based test by individual patient
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Figure 2 (A) Pearson’s correlation coefficient obtained through the comparison of measurements obtained by the CSG vs TNO test, both in logarithmic values. (B) Bland—
Altman plot that compares stereoacuity logarithmic values measured by the CSG vs TNO test. The dashed lines show the limits of agreement for a 95% prediction of the
population and the dotted line the mean difference between the methods compared and the confidence interval of the mean.

and by session. For example, 37 subjects obtained a poor
level of stereopsis with the TNO test. In 32 of those
subjects, the stereopsis was poor with the Computerized
Stereoscopic Game test, while in five subjects the mea-
surement was coarse. Statistical analysis is summarized in
Table 3. Using all three session results, PPV was calcu-
lated for each category: 89.5% for moderate—fine, 72.7%
for coarse, and 90.0% for poor stereoacuity. Using all three
session results, the Kappa index calculated was 0.7433
(95% confidence interval: 0.6285 to 0.8585). PPV and

Kappa values were also calculated for the results of ses-
sion #1 and sessions #2 and #3 (pre- and post-perceptual
learning therapy).

Analysis of the results shows that the stereoacuity thresh-
olds obtained with the Computerized Stereoscopic Game test
are concordant with those obtained with the TNO test.

Discussion
In this study, we propose a new computer-based stereoa-
cuity test that addresses all the previously mentioned
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Table 3 Categorical Agreement Between TNO and Computerized Stereoscopic Game Tests: Kappa Value; 0.95 Confidence Interval

Limits; and Positive Predictive Values (PPV) per Category

Session Kappa PPV

Observed Lower Limit Upper Limit Moderate Fine Coarse Poor
Total raw data 0.7433 0.6285 0.8585 89.5% 72.7% 90.0%
Stage #1 0.6632 0.4203 0.9061 100.0% 81.3% 80.0%
Stages #2-#3 0.7657 0.6323 0.8991 89.5% 70.8% 95.2%

Notes: Total raw data = Stage #| (pre-perceptual learning treatment). Stages #2 and #3 (post-perceptual learning treatment).

limitations of random dot tests. Originally designed as
a gamified version of the random dot stereo test, its main
purpose is to ensure children’s compliance with a course
of perceptual learning treatment for amblyopia. The results
of the present study confirm that this test can be used as
a stereoacuity test to detect stereo vision deficits and track
stereo vision development.

The data collected in our sample covers the spectra of
stereoacuity levels that can be measured with both tests
reasonably well. If only session #1 had been considered,
the data would have been insufficient to cover all levels of
moderate to fine stereoacuity, as shown in Table 2. Since
all the patients were enrolled on a course of perceptual
learning therapy, stereoacuity improved during the follow-
up and better stereoacuity values were able to be obtained.
Pearson’s correlation coefficient between individual scores
obtained with the Computer Stereoscopic Game and TNO
tests was sufficient to confirm a positive correlation
between the two tests (r* = 0.767), as shown in
Figure 2A. The slope of the regression line linking the
results of the two tests in Figure 2A, which may have been
affected by the choice of an arbitrary value for coarse
stereopsis in the TNO test, was lower than 45 degrees.
However, despite the correlation, this result does not
enable us to state that the two tests are interchangeable.
An agreement analysis was therefore performed, using
a Bland—Altman plot (Figure 2B). This showed that the
limits of agreement (—0.41 to 0.35 log sec), calculated as
1.96 times the standard deviation of differences, cannot be
considered clinically relevant. The Bland-Altman plot
further shows that the agreement between tests was not
dependent on the level of stereoacuity (r* = 0.069).

It can be argued that the stereoacuity levels provided
by the two tests cannot be correlated, given that the TNO,
apart from detecting the presence of coarse stereopsis,
provides only six levels of measurement, whereas the
computer-based test provides up to 22. This problem is

solved by means of an analysis of the categorical differ-
ences. Adams et al (2009)*® found that, when a subject’s
stereopsis level is measured with a commercial stereoa-
cuity test, a variance of at least two levels must be detected
to ensure test-retest reliability. Following these authors,
each category proposed in the current study includes at
least two levels of the TNO test: poor category (>600 sec)
detected with the TNO Test when using sheets, I to IV,
coarse category (600—200 sec) detected with the first two
TNO levels (480 and 240 seconds), and moderate—fine
category (<200 sec), detected with the last four TNO
levels (120, 60, 30 and 15 seconds). The risk of passing
one category purely by chance is thus drastically reduced.
Tables 2 and 3 show that the results within each category,
defined for both tests, were highly correlated. A Kappa
analysis further demonstrated the presence of substantial
or almost perfect agreement between the two tests. Even
considering session #1 and sessions #2 and #3 separately
(pre- and post-training), the results were excellent. This
outcome is especially important because there is always
a risk of learning side effects with perceptual learning
exercises. Several studies have demonstrated that, even
using random dot stereograms, subjects take less time to
perceive figure and depth with repeated observation.>* The
computer-based test evaluated in the present study uses up
to 26 different silhouettes to avoid such a problem. As
previously noted, the agreement between the two tests was
high, both before and after the therapy, hence any learning
side-effect altered the relationship substantially. However,
a more detailed study of Table 2 shows a slight tendency
toward finer stereopsis. For example, four subjects up to
24 showed moderate to fine stereopsis measured with the
Computerized Stereoscopic Game-Test in session #2 and
#3, through the same subjects presented coarse stereopsis
with TNO. One possible explanation is the possible learn-
ing side-effect that would facilitate the detection of dis-
parity. Notwithstanding, it could be argued that the design
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of the Computerized Stereoscopic Game test, with 26
different silhouettes, would make learning more difficult.
Another plausible reason takes into account that TNO
tends to overestimate stereopsis thresholds.”*' Vancleef
et al’ conclude that the factors behind overestimation are
(a) the nature of the cognitive task (the patient has to point
to the missing piece of the cake or pie and (b) the use of
red-green glasses. Anaglyph filters affect the luminous
transmittance, and could potentially alter suppression.
The Computerized Stereoscopic Game test is a gamified
test in which the silhouette is an easily-identifiable image
requiring low cognitive demand. The hidden silhouette
resembles the Randot Dot Sterco-Acuity
a high
testability.*> More importantly, anaglyph problems due to

paradigm
Preschool test, which provides level of
luminance reduction are much more critical in printed
paper tests. Screen illumination should decrease the effect
of red-green filters and reduce interference in the detection
of disparity. Finally, another important advantage of com-
puterized tests over commercial tests (not only the TNO
test) is the reduced possibility of the subject improving
their stereopsis level by chance, from 480 to 240 arcsec,
for example. The possibility of this happening with the
TNO test is 6.4%, whereas with the Computerized
Stereoscopic Game test, the possibility is remote.

A number of ideas for improving the computer-based
test have been proposed since the study was completed.
Patients with strabismus have more difficulty in identify-
ing shapes in random dot tests, as they rely more on
monocular cues and are more sensitive to noise
crowding.’® The dots are small and dense, low in con-
trast, and static, making them less than optimal for
a subject with strabismus to detect depth.® Indeed, ran-
dom dot tests detect strabismus with highly sensitivity.**
On the other hand, they are also highly sensitive to
monocular acuity deficits. Stereoacuity thresholds are
more casily degraded by reduced monocular visual acuity
using random dot tests than real depth tests.*
Anisometropia leads to reduced stereopsis at high spatial
frequencies but not at low frequencies.*® Stereopsis is
possible at frequencies perceived by both eyes. To over-
come these problems, we propose to reduce the density of
the dots in our computer-based test.>’ Variable low-
density random dot patterns could also be implemented
to measure poor stereopsis. This improvement will be
implemented in future versions of the computer-based
test.

Recently, several investigations have been published
proposing evaluation models based on the use of specific
hardware, as Nintendo 3D'*'> or 3D tablets.'® These
models have technical advantages over the model pro-
posed in this article. On the one hand, the use of anaglyph
glasses is not necessary. Even in the study by Vancleef
et al with a 3D tablet,'® the viewing distance was mon-
itored automatically using the device’s front camera (wear-
ing the user a sticker as a target for distance tracking).

However, the model we present has other advantages
that should be highlighted: it is a universal model that can
be implemented on any computer, no matter the screen;
and the measurement procedure is gamified, which facil-
itates the attentional response during the measurement of
stereo acuity.>®

The pass level condition used in the present study is
another area that could be improved. Psychometric-
function procedures such as a one-up, one-down staircase,
or even a more sophisticated method such as QUEST,
could provide thresholds and might improve accuracy.*
Using any of these methods, the program iterates back and
forth around the estimated threshold until a valid result is
obtained, although this could make the test itself more
time-consuming. In a clinical setting, therefore, these alter-
natives will need to be carefully considered.

Conclusion

The computer-based test developed and evaluated in the
current study is able to provide consistent measurements
of stereoacuity, with no learning side effects and results
comparable to those provided by other commercially
available random dot tests. The test can be used for both
detecting deficits in stereo vision and tracking stereo
vision development.
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