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Evaluating stereoacuity with 3D shutter
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Abstract

Background: To determine the stereoacuity threshold with a 3D laptop equipped with 3D shutter glasses, and to
evaluate the effect of different shape and size of test symbols and different type of disparities to stereoacuity.

Methods: Thirty subjects with a visual acuity in each eye of at least 0 logMAR and a stereoacuity of at least
32 arcsec (as assessed in Fly Stereo Acuity Test) were recruited. Three target symbols—tumbling "E", tumbling "C",
and "□"—were displayed, each with six different sizes representing a visual acuity ranging from 0.5 to 0 logMAR
when tested at 4.1 m, and with both crossed and uncrossed disparities. Two test systems were designed - fixed
distance of 4.1 m and one for variable distance. The former has disparities ranging from 10 to 1000 arcsec. Each
subject completed 36 trials to investigate the effect of different symbol sizes and shapes, and disparity types on
stereoacuity. In the variable distance system, each subject was tested 12 times for the same purposes, both proximally
and distally (the point where the 3D effect just appears and where it just disappears respectively), and the mean value
was calculated from the mean proximal and distal distances.

Results: No significant difference was found among the groups in the fixed distance test system (Kruskal-Wallis test;
Chi-square = 29.844, P = 0.715). Similarly, no significant difference was found in the variable distance system (Kruskal-Wallis
test; proximal: Chi-square = 5.687, P = 0.338; distal: Chi-square = 5.898, P = 0.316; mean: Chi-square = 6.152, P = 0.292).

Conclusions: Evaluating stereoacuity using this measurement system was convenient and effective. Changes in target
shape and size and disparity types had no significant effect on stereoacuity. It would be helpful to choose optimal targets
according to different purposes using computer-assisted 3D measurements.
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Background
Stereopsis is a higher function of two-eye coordination,
which enables a precise judgment of distance. Generally,
it is possible to determine distance with monocular vi-
sion from looming, motion parallax, and pictorial depth
cues such as occlusion, perspective, texture gradients,
relative size, and shadows. However, the most precise
distance determination is achieved through stereopsis,
which is a specific type of binocular depth perception
resulting from the horizontal separation of the two eyes
and the subsequent ability to recognize retinal disparity
[1]. Stereopsis is important for carrying out specific
tasks, including better motor control and quicker and
more accurate cognitive information [2]. Stereopsis is

quantified as the minimum geometric disparity that
elicits the perception of depth termed stereoacuity, mea-
sured in seconds of arc (arcsec) [1]. Stereoacuity is
sometimes measured from a distance of 3–6 m, e.g., the
Frisby–Davis distance stereotest [3–9]. The majority of
measurements are performed at a closer range, usually
0.4 m, with e.g., the Titmus Fly Test using polarization
technology [9–14], and the TNO Stereoacuity Test using
red and green glasses [9, 10, 15–19]. These traditional
methods are widely used in clinical practice and experi-
mental research. Since the pattern and number of test
pictures are relatively fixed, it can be overwhelming and
painstakingly slow to study a large number of influen-
cing factors for stereopsis. With the development and
advances in three-dimensional (3D) computer technol-
ogy over recent years, researchers have designed new
stereopsis tests with modern techniques [20–25]. At this
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point, no definite conclusions have been drawn on
whether the size or the shape of the target would affect
the test result and how to choose an ideal symbol to ex-
plore stereopsis on the display screen. Thus, we estab-
lished a stereoacuity measurement system using 3D
shutter glasses technology and designed different test
targets in order to assess the effects of different factors
on stereoacuity. We also applied two methods to evalu-
ate those factors: the fixed distance test and the variable
distance test. The aim of our study was to investigate
the effect of different target shapes and sizes on stereoa-
cuity, and it would be the condition to choose optimal
targets according to different purposes with computer-
aided 3D measurement.

Methods
Subjects
The study was conducted at the Second Hospital of Jilin
University in China. A total of 30 subjects, aged 20–28
(22.9 ± 2.4) years, were included, comprising 11 males
and 19 females. The refractive status of the right eyes
were as follows: spherical error +0.50 DS to −4.00 DS
(−1.42 ± 1.16 DS), cylinder error 0 to −1.00 DC (−0.64 ±
0.18 DC), spherical equivalent +0.50 DS to −4.00 DS
(−1.48 ± 1.14 DS). The refractive status of the left eyes
were as follows: spherical error +0.50 DS to −4.00 DS
(−1.50 ± 1.20 DS), cylinder error 0 to −1.75 DC (−0.92 ±
0.47 DC), spherical equivalent +0.50 DS to −4.00 DS
(−1.59 ± 1.14 DS). None of the study participants had
severe ametropia, amblyopia [26], strabismus [27], or an-
isometropia [28]. The minimum corrected visual acuity
of each eye was 0 logMAR. The stereoacuity, as mea-
sured by the Fly Stereo Acuity Test (Vision Assessment
Corporation, Elk Grove Village, IL, USA), was at least
32 arcsec.

Computer system
We designed a notebook computer system, using a laptop
(ASUS G750Y47JX, 17.3" 16:9 full HD 3D (1920 × 1080
120 Hz)) running Windows 8.1 and NVidia 3D Vision 2
Wireless Glasses Kit (Expressway Santa Clara, CA, USA).
The NVidia 3D Vision Photo Viewer Software was used
to view 3D pictures (Fig. 1).

Test targets
A program written in C# produced all test targets. Three
types of symbols were drawn: tumbling "E", tumbling "C",
and "□" (Fig. 2). Each type of symbol had six different
sizes, containing strokes that were 19, 15, 12, 9, 7, and
6 pixels (px) wide. Hence, the complete symbols had sizes
of 95 × 95, 75 × 75, 60 × 60, 45 × 45, 35 × 35, and 30 × 30
px. All symbols were set at 100 px apart, both horizontally
and vertically. The symbols with 3D effect were slightly
different; the perceived images of the symbols were at the

midpoint of the L and R images, which was 100 px away
from other symbols. The test distance was set at 4.1 m,
and the symbol sizes represented 0.5, 0.4, 0.3, 0.2, 0.1, and
0 logMAR respectively, under these conditions.
Seven symbols were drawn in a line. One symbol, which

was the stereo target, was chosen randomly from the five
middle symbols and rendered with 3D depth. The stereo
target consisted of two component images, each of which
was visible with one eye only as the 3D shutter glasses
blocked the other eye. The distance between the two ob-
jects represented the horizontal disparity. Crossed dispar-
ity occurred when both eyes saw an image on the opposite
side. If the right image of the symbol was seen by the left
eye, and the left image was seen by the right eye, the target
would be perceived as a single image through the 3D
shutter glasses. It would appear in a different plane that
was closer to the observer, compared to the other sym-
bols on the same line. Conversely, if the right side of
the symbol was seen by the right eye, and the left side
was seen by the left eye, the target would be seen dent-
ing into the screen, compared to the other symbols,
and this is called uncrossed disparity. The depth of extru-
sion of the stereo target was determined by the degree of
disparity. Thus the larger the disparity, the more visible
the stereo perception would be. When the disparity de-
creased to a certain threshold, the observer would not be
able to distinguish between the stereo target and the other
symbols. The aim of our test was to detect the minimum
disparity at which the study participant could still see the
stereo target.

The fixed distance test system
In our study, the test distance was set at 4.1 m, and hence
1 px corresponded to a disparity of 10 arcsec. The fixed
distance test system contained three grades of difficulty.
The first grade consisted of a single page that contained

Fig. 1 Photograph showing the 3D laptop (ASUS G750Y47JX)
equipped with NVidia 3D Vision 2 Wireless Glasses Kit (Expressway
Santa Clara, CA, USA)
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four lines, with disparities of 100, 75, 50, and 25 px (range
step 25 px), respectively. The second grade consisted of
four pages, each containing five lines that represented the
following disparities: 80 to 100, 55 to 75, 30 to 50, and 5
to 25 px (range step 5 px), respectively. In the third grade,
each page contained five lines with disparities ranging
from 1 to 100 px (range step 1px), and the distance be-
tween the lines and the objects were all 100 px (Fig. 2).
The purpose of the pages was to find the range that con-
tained the threshold disparity at which the subject just
failed to identify the stereo target; the grades presented in-
creasing levels of difficulty (higher precision required),
such that the range was narrowed down to 1 px.

The subject sat at a distance of 4.1 m away from the
monitor. The first grade, which had the largest range, was
used as a teaching picture tool. The participant was
trained to identify different targets from the seven symbols
in a line through 3D shutter glasses. For crossed disparity,
the symbol appeared to come out of the screen and closer
to the subject, compared to the other symbols on the
same line. For uncrossed disparity, the symbol appeared
to go into the screen and further away from the subject,
compared to the other symbols on the same line.
First, the subject was asked to distinguish the stereo tar-

get, line by line, on the first grade page. If the subject
found the stereo target on the third line but could not

Fig. 2 Illustrations of the stereoacuity test system. a Example of the fixed distance test system. The shape of the symbol is c; the size of the
symbol is 95 × 95 pixels; the type of disparity is crossed, and the grade of the test is first (four lines represented the disparity of 100 pixels,
75 pixels, 50 pixels and 25 pixels from top to bottom). The stereo targets are line 1–3, line 2–6, line 3–4, and line4-2. b Example of the fixed dis-
tance test system. The shape of the symbol is E; the size of the symbol is 60 × 60 pixels; the type of disparity is uncrossed, and the grade of the
test is second, page 2 (five lines represented the disparity of 75 pixels, 70 pixels, 65 pixels, 60 pixels and 55 pixels from top to bottom). The stereo
targets are line 1–5, line 2–5, line 3–2, line4-3, and line 5–4. c Example of the fixed distance test system. The shape of the symbol is □; the size of
the symbol is 30 × 30 pixels; the type of disparity is crossed, and the grade of the test is third, page 3 (five lines represented the disparity of
15 pixels, 14 pixels, 13 pixels, 12 pixels and 11 pixels from top to bottom). The stereo targets are line 1–4, line 2–4, line 3–3, line4-2, and line 5–6.
d Example of the variable distance test system. The shape of the symbol is C; the size of the symbol is 45 × 45 pixels; the type of disparity is
crossed. The reference target in the top line is no.4 with 3 pixels disparity, while in the bottom line is no.3 with 2 pixels disparity. The test stereo
target in the middle line is no.5 with 1 pixels disparity
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point out the difference on the last line, it meant that their
stereoacuity was between 50 and 25 px (excluding 25 px).
Then, the subject was asked to repeat the identification
using a page from the second grade; in this case, the page
of 30 to 50 px. If the subject found the target symbol on
the fourth line, but not on the fifth line, it meant their
stereoacuity was between 35 and 30 px (excluding 30 px).
Then the third grade test page of 35 to 31 px was dis-
played. If the subject pointed out the stereo target on the
second line, but not on the third line, the perceptible
disparity for that subject was 34 px, indicating that their
stereoacuity was 340 arcsec. Using this progressive ap-
proach, the stereoacuity of each subject was determined.
The subjects’ stereoacuity were all reasonably good, as

assessed by the Fly Stereo Acuity Test, so they should be
able to distinguish a difference on the first grade test
page easily. After familiarizing with the feel of seeing the
stereo target at relatively large disparities, subjects were
shown the last test page, which contained disparities
from 5 to 1 px, representing stereoacuity from 50 to
10 arcsec.
We designed 36 sets of test patterns, which were

composed of three symbol types containing crossed and
uncrossed disparity, with each having six sizes, corre-
sponding to 0.5, 0.4, 0.3, 0.2, 0.1, and 0 logMAR visual
acuities. We examined the subjects using those 36 pat-
tern sets randomly, with a 3-min break after every 12
tests.

The variable distance test system
The subject was asked to sit at different distances, look-
ing at a page of three lines containing the test symbol.
The size of the symbol was 45 px. The disparity of the
stereo target was 3 px in the top line, 2 px in the bottom
line, and 1 px in the middle line. The distance between
the lines and the symbols were all 100 px (Fig. 2).
First, the subject was trained to identify the stereo target

at a relatively near distance to the display. Then the sub-
ject was moved further away from the screen, until they
could not detect the stereo target on the middle line. Then
the participant was asked to slowly move towards the
monitor, until they could just point out the target symbol,
and the distance from the eyes to the display was mea-
sured and recorded with a laser rangefinder (GLM 30 Pro-
fessional, BOSCH, Milton Keynes, UK). Then the subject
was asked to slowly move away from the monitor, until
they could no longer point out the target symbol, and the
distance from the eyes to the display was measured. The
stereoacuity was calculated using the formula containing
the distance and disparity: dγ = aΔd/d2. The first result
represented the proximal stereoacuity, and the second
result the distal stereoacuity. The mean value, calculated
from the mean distance between proximal and distal
results, is the stereopsis of the subject.

Six test pattern sets, composed of three types of crossed
and uncrossed symbols, were drawn and used to test the
subjects. The test was repeated three times, with a 3-min
break between each trial.

Statistics
All data were processed using PASW Statistic 18.0 (IBM
SPSS Inc.). We used Shapiro-Wilk to explore the distribu-
tion form of the data first. If the data satisfied normal dis-
tribution patterns, parametric tests were used for statistical
data analysis, and we applied one-way ANOVA tests to
analyze the differences among those groups. If the data
were not normally distributed, non- parametric tests were
carried out. We used the Kruskal-Wallis test (a test for
several independent samples in non-parametric tests) to
analyze the differences among those groups.

Results
The fixed distance test system
Each subject recruited in our study completed 36 tests
for the effect of different symbol sizes and shapes, and
different types of disparity on stereoacuity. The Shapiro-
Wilk test showed that no group of data satisfied normal
distribution (P < 0.001), so we used median (M) and quar-
tile range (QR) to describe the concentrations and discrete
trends shown in Table 1. Using the Kruskal-Wallis test, no
significant difference was found among the 36 groups
(Chi-square = 29.844, P = 0.715). These results showed
that stereoacuity was consistent among the study popula-
tion, regardless of the size of the symbols (ranging from
0.5 to 0 logMAR), the symbol shape ("C", "E", or "□"), and
the types of disparity (either crossed or uncrossed).

The variable distance test system
This test system had some challenges for both the exam-
iner and the subjects. Based on an easy first and difficult
afterwards principle, we always tested using the fixed
distance system first followed by the variable distance
test system. The examiner had to measure the distance
from the eye plane of the subject to the screen plane of
the laptop with a laser rangefinder. In our study, all sub-
jects completed the test smoothly, as they had already
experienced the fixed distance system and thus under-
stood the procedure correctly. Since no significant differ-
ences among the different symbol sizes were obtained
from the fixed distance test system, we chose 45 px
which represented 0.2 logMAR at 4.1 m as the standard
size of the test symbol. When the subject moved towards
the screen within 4.1 m, the relative size of the targets
became slightly bigger than 0.2 logMAR. Conversely,
when moving away from the screen beyond 4.1 m, the
relative size of the targets became slightly smaller than
0.2 logMAR. However, the test results were not affected.
The distance measurement error was not a significant
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influencing factor, i.e., if the right position was at 4.1 m,
but the actual measured distance was at 3.1 m, the result
error was only 3 arcsec, and when the actual measured
distance was at 5.1 m, the result error was only 2 arcsec.
In this part of our study, we tested each subject 12

times for the effect of the different symbols or the differ-
ent types of disparity on stereoacuity both proximally
and distally (the distance where the target just appears
and where the 3D effect just disappears). We calculated
the mean value as the representative stereoacuity thresh-
old of an individual in our test system. Note that the
mean value was not the mean of the proximal and distal
stereoacuity values, but was calculated from the mean
proximal and distal distances.
All 18 groups of data showed skewed distribution under

the Shapiro-Wilk test (P < 0.01). The Kruskal-Wallis test
identified no significant difference among the six groups
(proximal: Chi-square = 5.687, P = 0.338; distal: Chi-square
= 5.898, P = 0.316; mean: Chinsquare = 6.152, P = 0.292).
The data is presented in Table 2. Our findings indicated
that the shape of the targets ("C", "E", or "□") and the types
of disparity (crossed or uncrossed) were not significant fac-
tors affecting stereoacuity.

Discussion
Stereopsis is the ability to precisely judge distance, and its
classification is rather complicated, depending on different
definitions, such as fine and coarse, or local and global.
With the development of information technology, 3D dis-
plays can be driven by computers. Thus a 3D polarization
technique was used to evaluate stereopsis, as described by
Kim & Yang et al. [25] who developed a contour-based

stereotest using a 46-in. 3D monitor, which can measure
5000 to 20 arcsec of distance stereopsis.
What we use now is a kind of mature 3D display

called active shutter glasses, which is widely used to view
3D movies or to play 3D video games [29–32]. The core
components of the active shutter 3D system are liquid
crystal shutter glasses and a monitor with a high refresh
rate. The principle of this technique is that the glasses
contain a liquid crystal layer which turns immediately
from opaque to transparent when a voltage is applied, and
the alternately block each of the two eyes, such that they
receive different images. A high refresh rate monitor of
120 Hz, equipped with a time controller, can display two
different images alternately, synchronizing with the shut-
ter glasses; therefore, each eye receives a different image.
Because the transition from unblocking to blocking is so
fast, the observer still receives 60 frames per second in
each eye and therefore could perceive the displayed image
as if looking at a regular screen; hence the binocular vision
is divided. When the computer alternates between the two
components of a 3D image, subjects will perceive a 3D
image.
The test 3D images (in JPS format) were produced using

a program written in C#, and share a similar file format
with JPEG images but consist of two image components
divided by a vertical line through the center. JPS 3D images
can be displayed easily with NVidia 3D Vision Photo
Viewer by a skilled clinician. In our experience, this 3D
technique was applied successfully, in theory and practice,
to evaluate stereopsis in subjects with normal vision. We
tested stereoacuity using our system compared with the Fly
Stereo Acuity Test, and the two tests showed reconciled
results [33]. Our findings show that both the fixed and

Table 1 Stereoacuity M (QR) in arcsec of 36 groups tested with the fixed distance system

Target C-crossed-
0.5logMAR

C-crossed-
0.4logMAR

C-crossed-
0.3logMAR

C-crossed-
0.2logMAR

C-crossed-
0.1logMAR

C-crossed-
0logMAR

Stereoacuity 20 (13) 20 (10) 15 (10) 15 (10) 10 (13) 20 (20)

Target C-uncrossed-
0.5logMAR

C-uncrossed-
0.4logMAR

C-uncrossed-
0.3logMAR

C-uncrossed-
0.2logMAR

C-uncrossed-
0.1logMAR

C-uncrossed-
0logMAR

Stereoacuity 20 (10) 10 (10) 10 (10) 10 (10) 10 (10) 20 (10)

Target E-crossed-
0.5logMAR

E-crossed-
0.4logMAR

E-crossed-
0.3logMAR

E-crossed-
0.2logMAR

E-crossed-
0.1logMAR

E-crossed-
0logMAR

Stereoacuity 20 (10) 2p0 (10) 20 (10) 10 (10) 15 (10) 10 (10)

Target E-uncrossed-
0.5logMAR

E-uncrossed-
0.4logMAR

E-uncrossed-
0.3logMAR

E-uncrossed-
0.2logMAR

E-uncrossed-
0.1logMAR

E-uncrossed-
0logMAR

Stereoacuity 10 (13) 20 (10) 20 (10) 15 (10) 20 (10) 10 (13)

Target □-crossed-
0.5logMAR

□-crossed-
0.4logMAR

□-crossed-
0.3logMAR

□-crossed-
0.2logMAR

□-crossed-
0.1logMAR

□-crossed-
0logMAR

Stereoacuity 15 (10) 10 (10) 10 (10) 10 (10) 10 (10) 10 (10)

Target □-uncrossed-
0.5logMAR

□-uncrossed-
0.4logMAR

□-uncrossed-
0.3logMAR

□-uncrossed-
0.2logMAR

□-uncrossed-
0.1logMAR

□-uncrossed-
0logMAR

Stereoacuity 10 (10) 20 (10) 10 (10) 15 (10) 10 (10) 10 (10)
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variable distance 3D measurement systems are suitable for
people with normal vision.
The advantages of this 3D system are precision and

flexibility. Thus, the binocular disparities can be changed
with a minimum step size of 10 arcsec in the fixed dis-
tance measurement system; in the variable distance sys-
tem, as the disparity changes continuously with distance,
the precision is only restricted by the accuracy of the
distance measurement. In the 3D system, any forms of
symbols, images, or texts can be applied or manipulated
conveniently for different purposes or different groups
of subjects. However, the disadvantages of the system
are that subjects differ in their reactions, and therefore
some people need to be familiarized with the system
first, and the longitudinal space should be sufficiently
long, especially for the variable distance test method.
The reason we explored different symbols in this study,

including "C", "E", and "□", was to find an ideal symbol to
use in future stereoacuity research. The tumbling "E" is
used most commonly as a visual acuity chart test object in
China. It has become the standard symbol for the meas-
urement of visual acuity in Chinese clinics, so it may be
helpful to study stereoacuity alongside visual acuity. Some
subjects reported that, when the opening direction of a
tumbling E target pointed to the left or right, they felt
slightly confused, maybe when it appeared at first glance,
compared to the opening direction pointing up or down;
however, the subjects recovered promptly. Therefore, we
designed another square-shaped target "□", based on the
circle symbols used in the Titmus and Fly Stereo Acuity
Tests. We used a square, rather than a circular, shaped
target, due to the limitation of the display method on the
computer where, for a high-resolution picture, the transi-
tion of the border of a circle cannot be as perfect as that
of a square because of the pixel arrangement on the
screen. However, the results showed no significant differ-
ence between the tumbling "E" and the "□". In order to
preserve the function of assessment of the visual acuity
and reduce the horizontal disparity area difference, we de-
signed another symbol, the tumbling "C". It is like the
Landolt C, but with square, not circular, strokes of the tar-
get, and four instead of eight pointing directions like the
tumbling "E". No significant difference was found among
the three symbols in our study. In addition, we drew sym-
bols from 30 × 30 px to 90 × 90 px, which were all in the
range of clear recognition. In this part of the experiment,
we confirmed that a target size larger than the recognition

resolution was not an effective influencing factor in the
evaluation of stereopsis.
Whether or not a significant difference exists between

the thresholds for crossed and uncrossed disparity to see
has been controversial in the literature. Woo and Sillanpaa
found a lower threshold for cross disparities than for
uncrossed disparities from stereoscopic tests of 30 sub-
jects [34], and similar results were reported by Grabowska
[35]. However, the opposite observation was made by
Larson who investigated the difference in stereoacuity
between crossed and uncrossed disparities in 15 sub-
jects using Frisby and TNO tests [36]. In addition,
Jaschinski and Schroth examined 11 subjects with nor-
mal vision and a stereo resolution of less than 100 arc-
sec, and only a minority of them showed a difference
between crossed and uncrossed disparities [37]. In our
study, no significant difference was found between
crossed and uncrossed disparities.
The variable distance test system has a better theoretical

design for its relatively simple test target system and
smooth change. The main problem with this system is
that unlike the fixed distance system, when subjects report
the disappearing of 3D effect, they already know which
symbol is the target. To test the proximal stereoacuity, the
subjects have to figure out the different target while mov-
ing towards the screen slowly without any psychological
hint. To test the distal stereoacuity, the subjects are asked
to report the specific moment when the different target
symbol disappears while moving away from the screen
slowly, also without any psychological hints. It is difficult
to avoid any psychological influences for subjects who are
not well trained, and the subject can cheat easily if they
want to gain a good score. The variable distance test sys-
tem may not be an effective tool to measure stereoacuity
in the clinic, but it may be a powerful research tool to
study the influencing factors of stereoacuity where sub-
jects are highly trained medical staff who understand the
aim of the test system. In our study, subjects reported well
using the variable distance system; the distance between
the proximal and distal end was 0.7 ± 0.3 m, and the dif-
ference between the proximal and distal stereoacuity was
2.3 ± 2.5 arcsec. We calculated the mean stereoacuity by
taking the mean value calculated from the proximal and
distal distances, and then using the corresponding mean
stereoacuity as the stereopsis of the subject. The method
was originally developed in the Howard-Dolman Peg Test,
which used the just noticeable difference (JND) threshold

Table 2 Stereoacuity M (QR) in arcsec of 18 groups tested with the variable distance system

Disparity C- crossed C-uncrossed E-crossed E-uncrossed □-crossed □-uncrossed

proximal 10.25 (3.40) 10.15 (4.13) 11.70 (4.82) 9.80 (4.03) 9.90 (4.20) 9.90 (3.97)

distal 9.30 (3.00) 8.65 (3.38) 10.00 (3.30) 8.50 (3.93) 8.65 (3.73) 8.50 (3.42)

mean 9.65 (2.98) 9.15 (3.75) 10.80 (4.10) 9.05 (3.80) 9.15 (3.95) 8.95 (3.60)
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[38]. It is practically meaningful, because the fluctuation
range of the proximal and distal stereoacuity is much
smaller than the smallest step size of common clinical
stereopsis evaluation methods.
For future investigations, we would study the effects of

other factors on stereoacuity in subjects with normal vi-
sion, including brightness, contrast, color, crowdedness, etc.
Although these studies can be difficult to carry out using
traditional measurement tools, they can be conducted easily
using our 3D measurement system. In addition, we would
study the performance of subjects with abnormal stereoa-
cuity such as those who have amblyopia under different
circumstances.

Conclusions
Evaluating stereoacuity with 3D shutter glasses technology
was convenient and effective in both the fixed distance
and variable distance test systems. Changes in target shape
and size and disparity types had no significant effect on
stereoacuity and it would be helpful to choose symbols ac-
cording to different purpose with computer-aided 3D
measurement in future.
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