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Abstract
Purpose: It is unknown whether individuals with two balanced eyes show quicker response and
lower threshold in fine stereoscopic detection. Previous methods to measure ocular dominance
were primarily qualitative, which do not quantify the degree of dominance and show limitation
in identifying the dominant eye. In this study, we aimed at quantifying the difference of ocular
strength between the two eyes with ocular dominance index (ODI) and studying the association
of ocular balance between the two eyes with stereoscopic detection.

Methods: Stereoscopic threshold was measured in thirty-three subjects. Stereopsis was
measured with random dot stimuli. The minimal detectable disparity (Dmin) and the minimal time
needed to acquire the best stereoacuity (Tmin) were quantified. Ocular dominance was measured
by a continuous flashing technique with the tested eye viewing a titled Gabor patch increasing in
contrast and the fellow non-tested eye viewing a Mondrian noise decreasing in contrast. The log
ratio of Mondrian to Gabor’s contrasts was recorded when a subject just detected the tilting
direction of the Gabor during each trial. The t-value derived from a t-test of the 50 values
obtained in each eye was used to determine a subject’s ODI (ocular dominance index) to
quantify the degree of ocular dominance. A subject with ODI ≥ 2 (p < 0.05) was defined to have
clear dominance and the eye with larger mean ratio was the dominant eye.

Results: The Dmin (55.40 arcsec) in subjects with two balanced eyes were not significantly
different from the Dmin (43.29 arcsec) in subjects with clear ocular dominance (p = 0.87).
Subjects with two balanced eyes had significantly (p = 0.01) shorter reaction times on average
(Tmin = 138.28 msec) compared to subjects with clear dominance (Tmin = 1229.02 msec). Tmin
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values were highly correlated with ocular dominance (p = 0.0004).

Conclusion: Subjects with two relatively balanced eyes take shorter reaction time to achieve
optimal level of stereoacuity.

Keywords: Ocular Dominance, Local Stereopsis, Binocular, Balanced Eyes, Anisometropia
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Chapter 1: Background
1.1 Binocular Vision
Binocular vision involves the use of two eyes to focus on an object or point
simultaneously to perceive a single image. Depth perception problems and trouble with
effectively judging distances can occur if the two eyes are unable to coordinate together [5-6].
There are three levels of binocular visual processing which are simultaneous perception, fusion,
and stereopsis. Efficient binocular vision can be achieved through the benefits of the three visual
processing levels, which is unlikely to obtain with monocular viewing only [9]. With binocular
vision, a greater visual field, compensating for blind spots, and easing mobility can be achieved
[9]

. Among the three levels of binocular vision, stereopsis allows the ability to detect size,

distances, and speed more precisely [1-3]. Conversely, simultaneous perception gives the ability to
view two images from two eyes at the same time [38]. Although each level has separate
neurophysiologic phenomena, they work together during cortical processing when images are
simultaneously projected onto each retina [25].
1.2 Simultaneous Perception
The first level of binocular vision is simultaneous perception where two dissimilar
images are simultaneously formed on each retina. For normal binocular vision, each image has to
be formed at the same time on the fovea of that retina and both images must be superimposed
[38]

. This process is known as the lowest level of sensory fusion [36-37]. In order to test for

simultaneous perception, different images are presented to the right and left eye. If one of the
images is difficult to see or perceive interchangeably, then simultaneous perception is absent.
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Also, if seeing out of both eyes is challenging, then double images will appear and this is a sign
of low sensory fusion.
1.3 Fusion
The second level of binocular vision, fusion allows objects projecting onto the
corresponding retinal points, with their two images linked at the level of the central nervous
system (CNS) into one perception [36-37]. The two types are motor fusion and sensory fusion that
are central processes occurring in the visual cortex. During motor fusion, the two eyes become
aligned to sight the same direction. During sensory fusion, the two retina images are fused and
perceived as one [36-37]. In order for the eyes to fuse on an object at a distance, they must diverge,
or turn outward. If the object is up close, the eyes must converge, or turn inward. A weakness
that can prevent the eyes from simultaneously moving together to view the object can be caused
by tension present in the muscles of either eye or many other causes [36-37].
The presence of sensory fusion requires more than just having the images located on the
specific retinal areas. It is important for the images to be alike in size, brightness, and sharp to
permit sensory to occur [36-37]. Only then can sensory fusion allow two similar images to be
appreciated as one. In order to maintain sensory fusion, the function of motor fusion must be
present. If an object is moving towards a subject, the subject’s eyes must converge. If the
subject’s eyes do not have motor fusion to converge towards the object, then sensory fusion of
the object will stop, and will cause double vision. Hence, the presence of good motor fusion
normally means that there is good sensory fusion [36-37].
The function of motor fusion is known to have substantial benefits. Without alignment of
the eyes, it would be difficult to enjoy the benefits of sensory fusion or depth perception. The
mechanism of motor fusion allows coordinated eye movements to occur by adjusting the position
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of the eye and maintaining alignment [36-37]. Therefore, the eyes remain aligned on the visual
target and prevent wandering off the target. Binocular foveal alignment maintained by the
correctional eye movements is defined as fusional vergence movements [28]. In clinical settings,
subjects who are incapable of a subjective response are more easily tested by motor fusion to
gather quantifiable and measurable data [36-37].
1.4 Stereopsis
At the highest level, there is stereopsis, through which the relative depth information is
extracted from the slight difference of the two retina images [6-7]. During the stereopsis process,
signals from the two eyes must reach the visual cortex for comparison [5-7]. Stereopsis is grouped
into two categories called local and global. Local stereopsis is primarily dependent on central
vision and global stereopsis depends on long viewing distances and smaller viewing angles [6-7].
Local stereopsis is known as the horizontal retinal disparity analysis process that
disregards association to other retinal fields [6-7]. If the disparity is processed in one location of
the visual field without association to the other disparities in various other locations, then it is
defined as the local disparity range [28]. The global disparity range requires interactions amongst
local disparity processing mechanisms. The process of global stereopsis means that if contours
are absent, then form perception is impossible until the horizontal retinal disparities are linked
across a large area [5-7]. Form perception occurs after global stereopsis.
The range of measured stereopsis is classified as coarse stereopsis and fine stereopsis.
The difference between the two is that they provide depth information of distinctive degree of
spatial and temporal accuracy [3]. Coarse stereopsis is used to identify stereoscopic motion in the
periphery and is referred to as qualitative stereopsis [3]. Fine stereopsis is based on static
differences and is most important to determine depth of objects in the central visual area
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(Panum’s fusional area) and is called quantitative stereopsis [1-3]. Fine stereopsis can only occur
in subjects with two balanced eyes, which means that sensitivity of the two eyes allows equal eye
growth [1-3]. Without balanced eyes it would be difficult to view similar images since they would
appear double. The difference between fine and coarse stereopsis is that, fine stereopsis includes
higher spatial frequency, stationary targets, images with similar size and shape, and smaller
retinal disparities [1-3]. Coarse stereopsis includes lower spatial frequency, moving targets,
periphery, larger retinal disparities, and images do not necessarily have to be similar [3].
Contour stereogram tests are used to measure local stereopsis and random-dot stereogram
tests are used to measure global stereopsis. The random-dot technique helps provide an
explanation on how stereo vision is processed by the human brain [39]. There are monocularly
visible contours in the contour stereogram tests that trigger the fusion mechanism, which reduces
the importance of precise motor control [39]. In this study, we used global stereopsis in
association with fine stereopsis because the random-dot stereogram test included a way to
identify a disparity-defined form and provided a higher stereoacuity. This stereopsis process was
important in this study since it helped quantify the quickness of the subjects response by
obtaining the minimum time needed to achieve the best stereoacuity.
1.5 Ocular Dominance
Ocular dominance refers to the tendency for a person to prefer visual input from one eye
to the other [10-11]. The preferred eye is defined as the dominant eye, which is used with ease or
by habit to perform tasks. In normal binocular vision, the dominant eye is usually the one that is
most relied on for activities such as sports that require aim [14]. The three different types of ocular
dominance are sighting, motor, and sensory dominance. Sighting dominance means that one is
preferred over the other eye when fixating on a target [22-24]. Motor dominance refers to the
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dominant eye that is strong in fixating at the near point of convergence and the work of the
extraocular muscles play a role [22-24]. Sensory dominance happens when one eye is presented
with a stimulus and it dominates the other eye in a competition between dominance of right and
left retinal images, when two distinguishable figures are viewed in a stereoscope [22-24].
1.6 Binocular Disparity
Binocular disparity is known as the main binocular cue for depth. Since two eyes look at
objects from slightly different angles, they get slightly different views [4]. This difference
between the two views is called disparity. The visual system merges the two images into one
perception and translates the disparity between the two images into depth perception [4]. The
disparity between images is larger when an object is closer. The sensitivity of stereopsis may be
quantified by stereoacuity, the minimal detectable disparity (Dmin), and the quickness of the
response is quantifiable by recording the minimal time needed to achieve the best stereoacuity
(Tmin) [1-4]. Stereoacuity is measured in seconds of arc (arcsec) to capture the smallest angle and
convert it into an angle of binocular disparity.
It is natural to think that the disparity extraction process would be easier if two equally
strong signals were compared, and the disparity extraction process would be much more difficult
if a very strong signal is compared to a weak signal [4]. Therefore, detection of fine stereopsis
(i.e., detection of stereopsis with small Dmin and short Tmin), theoretically, should show better
performance in subjects with two balanced eyes. However, this hypothesis has not been
previously tested, likely due to methodological limitations of the traditional ocular dominance
tests.
1.7 Purpose
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Traditional methods to measure ocular dominance are qualitative, as they can only
identify the dominant eye without measuring the degree of dominance. In the hole-in-the-card
test [12], a subject is asked to hold the cardboard with both hands and to view a target through the
hole with both eyes open. Then one of the eyes is occluded. If the target remains in view, the
occluded one is non-dominant eye and the open one is the dominant eye [13]. In the convergence
near-point test (CNP) [14], a subject is asked to fixate on an object that is moving toward the nose.
The eye that deviates first is the non-dominant eye. Both of these methods are qualitative, which
only identifies the dominant eye without determination of the extent of the dominance. In the
current study, we measured ocular sensory dominance and quantified it with ocular dominance
index (ODI) for each subject and subsequently identified the dominant eye. Although traditional
qualitative ocular dominance tests were previously considered valid, neither method directly
measured the relative sensitivity of the visual brain to visual signals from the two eyes [15-16]. The
aim of this study is to provide a quantitative assessment of the relationship between ocular
sensory dominance and stereopsis and overcome limitations of previous studies.
Chapter 2: Material and Methods
2.1 Subjects
A total of 33 subjects (11 males and 22 females, 18-38 years old, mean = 25 years old)
were recruited from the NOVA Southeastern University campus and they completed the testing.
The planned recruitment goal was to have a sufficient sample size, age group, and no prior
history of ocular disease. The sample size of 33 subjects was sufficient to cover the range of
variance in stereopsis. Subjects were excluded from the study if they had prior history of any of
the following ocular diseases: glaucoma, retinal detachment, or macular degeneration. Written
informed consent was obtained after explanation of the nature and possible consequences of the
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study. The protocol for the study was approved by the Institutional Review Board (IRB) of Nova
Southeastern University and followed the tenets of the Declaration of Helsinki.
To be included in the study, the subjects were required to have best corrected visual
acuity (BCVA) of 20/20 or better at distance for each eye and be willing to complete the study.
Each subject took part in 2 one-hour sessions. Objective refraction measurements were acquired
using an autorefractor. The head and chin rests on the autorefractor were used to ensure the
subject’s did not move during the experiment. To ensure subjects were not incorrectly refracted,
visual acuities were obtained using a Snellen chart.
2.2 Stereopsis measurement
Stereopsis was measured with random dots in this study (Fig 1A). The amount of
disparity contained in the half-images was varied in each trial as the images were presented to
the right and left eye. The subjects were instructed to make a judgment regarding whether the
pacman symbol, known as the object, was standing in front of the background or falling behind
the background by pushing either the up or down button. Across a single stimulus presentation
time, responses to a series of stimuli with different amounts of disparity were measured to
determine the threshold for a particular stimulus duration using a modified staircase algorithm
(Fig 1B). The method of limits is also known as the up-down method or staircase method.
The stimulus duration times we evaluated were 25ms, 50ms, 100ms, 200ms, and 400ms.
The functions for stereothresholds versus viewing durations were analyzed using an empirical
model of quadratic summation, in the form of th = Dmin (t-2 + Tmin-2)^0.5 where th was the
stereothreshold at a given viewing duration (t), Tmin was the constant that determined the
horizontal position of the function, which was related to the time at which the stereothreshold
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became independent of duration (critical duration). Dmin was the constant that determined the
vertical position of the function and was equal to the stereothreshold when t = Tmin.

Fig 1. The method to measure Stereopsis. (A) Stimuli. (B) Example of the result from one
subject with one test of stereopsis. The threshold of stereopsis was measured with random dots
presented for a variety of duration times. The best stereoacuity (Dmin) and the time to achieve it
(Tmin) was recorded.

2.3 Ocular Dominance Measurement
Ocular dominance was determined by the continuous flashing technique [19] and ocular
dominance index (ODI). The test stimuli were presented in the center of a CRT screen (1024 x
768 resolution; 100 Hz; Gamma corrected for linearity, Richardson Electronics) against a
uniform background (mean luminance 50 cd/m2) and viewed at a distance of 6 meters with a chin
rest. The dynamic Mondrian patterns subtended 4.3° x 4.3°, with individual elements extending
to 0.154°. The target stimulus was a Gabor patch tilted 45 degrees toward either the right or the

12

left (SF = 1c/d, spatial extension 1.9°). The black and white strokes that framed the Mondrian
and Gabor were 0.33° in width and were used to help achieve binocular fusion. Mirrors were
used to present the Mondrian and target stimuli dichoptically. The subjects were instructed to
exclusively view one of the two stimuli during a given trial. The eyes’ view of the dynamic
Mondrian and target stimuli were counterbalanced and randomized across trials. The experiment
was programmed in commercial software using Matlab Version 2012 Rb.
At the beginning of the trial, one eye viewed a 100% contrast Mondrian pattern and the
other eye viewed the target Gabor patch at 0% contrast. During a trial, the contrast of the Gabor
patch linearly increased by 1% every 100 ms, and the contrast of Mondrian patterns linearly
decreased at the same rate. At high contrast, the subject saw Mondrian patterns only. When
contrast of Mondrian was reduced and the contrast of Gabor was increased, the subject was able
to see the Gabor patch. Subjects were instructed to respond immediately once they detected the
tilting direction of the Gabor patch (left vs. right) by pressing one of two response keys. After
each trial, the ocular strength value was calculated as the ratio of Mondrian to Gabor’s contrasts
(unit db) at that moment (Figure 2A). The higher the ratio, the greater the quantitative measure of
the sensory dominance for that eye. A high ratio implied that that the contrast detection threshold
of the oriented Gabor patch needed to overcome the suppression imposed by the Mondrian
stimulus to the other eye. In other words, the eye with low contrast detection threshold for
overcoming Mondrian suppression had high sensitivity. Subjects performed 10 practice trials for
orientation and training, prior to starting 50 experimental trials. The eye with the higher ocular
strength value was considered the stronger eye and the one with smaller value was considered
the weaker eye. It took about 15 minutes on average to complete the test for each subject.
A t-test was used to compare the 50 values collected for each eye. T-value, which was the
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interocular difference in mean values normalized by the standard deviations of values from both
eyes, was used as the ocular dominance index (ODI) to quantify a subject’s overall degree of
ocular dominance. An ODI value of 2, which corresponded to a p value of 0.05 for a sample size
of 33, was selected as the significance level. An ODI < 2 was regarded as having an unclear
dominance. An example of a subject with unclear dominance is shown in the left panel of Figure
2B. On the other hand, a subject with an ODI ≥ 2 is regarded as having clear sensory dominance.
An example of a subject with clear sensory dominance is shown in the right panel of Fig 2B, in
which the right eye was the dominant eye.
2.4 Data analyses and statistics
Statistical analyses were performed with Matlab 2012b software. Mean, median, and
standard deviation were used for descriptive comparison of each subject’s ODI value, Tmin, and
best Dmin. We assessed for possible correlations between Tmin and best Dmin versus ODI using
Pearson’s R; the significance of R was tested according to the following formula: t = R*sqrt ((N2)/(1-R*R)) where R was Pearson’s R and N was sample size.
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Fig 2. The method to measure ocular dominance index (ODI). (A) The ratio of Mondrian to
Gabor’s contrasts (measuring ocular strength) was calculated for each response after each trial
and each eye was tested 50 times. (B) A t-test was used to compare the log ratios collected from
the two eyes and the t-value was used as the ODI. Examples of a subject with unclear dominance
(ODI < 2, left panel, p = 0.10) and another subject with clear dominance (ODI ≥ 2, right panel, p
= 0.0001) are shown here. Circles and triangles represent median and mean values of the log
ratios, respectively.
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Chapter 3: Results
3.1 Examples
Figure 3 shows the data from a subject with two balanced eyes (Figure 3A) and another
subject with clear ocular dominance (Figure 3B). Stereopsis thresholds were plotted as a function
of the duration of stimulus presentation. In both cases, the stereothresholds declined with
increasing viewing duration until a constant, lowest stereothreshold was achieved, providing
evidence for a critical duration for temporal summation of binocular disparity. The Dmin in the
subject with two balanced eyes was 55.40 arcsec and was 43.29 arcsec in the subject with clear
ocular dominance. Although those two values were quite similar, the Tmin in the subject with
balanced eyes was 138.8 msec, which was dramatically different from the value of 1229.02 msec
in the subject with clear ocular dominance.
Thus, the data from those two examples indicated that subjects with balanced eyes may
have shorter processing time to reach optimal stereopsis and subjects with strong ocular
dominance need longer time to reach optimal stereopsis. However, once the optimal stereopsis
was achieved, the stereoacuity thresholds were quite similar for both subjects with balanced eyes
and those with strong ocular dominance.
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Fig 3. The threshold of stereoacuity for two examples with different viewing durations. (A)
Scatterplot with an example of data from two balanced eyes. (B) Scatterplot with an example of
data in a case of clear dominance. The stereoscopic stimuli were Gabor patterns with spatial
frequency and contrast parameters designated in each graph. The solid line superimposed on
each set of data represents a quadratic summation model that was fit to the data.
3.2 Population data
Figure 4 displays the data collected across all 33 participants for Tmin (Fig 4A) and Dmin
(Fig 4B) as a function of ocular dominance strength. Tmin was highly correlated with ocular
dominance strength. Subjects with clear ocular dominance had significantly higher Tmin values
(mean 479.9 msec ± SD 380.9) than the subjects with unclear ocular dominance (179.9 ± 100.7, t
= 2.66, p = 0.01). The correlation between Tmin and ocular dominance strength was statistically
significant (R = 0.58, t = 3.96, p = 0.0004, p < 0.05).
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However, Dmin values were not statistically significantly correlated with ocular
dominance strength. Subjects with clear ocular dominance (73.1 ± 57.8) had similar Dmin values
to those with unclear dominance (102.4 ± 174.3) (R = 0.03, t = 0.16, p = 0.87).

Fig 4. The correlation between stereopsis and ocular sensory dominance. (A) Time needed
to achieve best stereoacuity with ocular dominance. (B) Minimal detectable disparity not
correlated with ocular dominance. The drawn line represents a linear regression, each circle
represents a single subject, filled circles represent subjects with strong binocular imbalance (one
of the two eyes is strongly dominant), and open circles represent subjects with two balanced
eyes.
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Chapter 4: Discussion/Conclusion
One important feature of our study was the separation of the subjects with clear
dominance from those with unclear dominance (i.e., balanced eyes). In sighting dominance based
on the hole-in-the card test, a subject was rarely labeled as showing unclear dominance. In our
study, for every subject, the log ratio of Mondrian to Gabor’s contrasts at response was measured
50 times for each eye and ocular sensory dominance was determined based on the statistical
comparison of values from each eye. This allowed us to confidently group the subjects according
to whether they displayed clear dominance or unclear dominance. The findings enabled us to
show that people with balanced eyes can achieve the optimal level of stereoacuity with a much
shorter time.
The assessment of eye dominance is used by eye care practitioners in clinical decisionmaking to determine monovision. It is important in monovision to indicate one eye as the
dominant for distance vision and the non-dominant for near vision. This idea is based on the
assumption that the dominant eye will be less easily suppressed by the moderately blurred image
in the other eye. Traditional tests may be used in practice to measure dominance that include
motor factors contributing to sighting or by sensory factors contributing to the eye that sees
better on sensory tests like acuity [15-16]. However, the findings in this study contribute to
previous work by raising the concern that visual acuities or measures of spatial vision simply are
not sufficient indicators of determining ocular dominance. The method derived in this study was
advantageous because it not only helped determine the dominant eye, but it also helped quantify
the strength of ocular dominance. This enabled us to explore the correlation between Tmin/Dmin
and the ocular strength dominance.
Previous studies used ocular dominance tests such as the hole-in-the-card test and
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convergence near-point (CNP) test to separate groups by presence or absence of ocular
dominance without reference to the relative strength of dominance [15-16]. However, neither of
these methods directly described the relative sensitivity of the visual brain to visual signals from
the two eyes. Also in previous studies, the hole-in-the-card test was used to determine the
sighting direction and the CNP test was related to motor fusion [15-16]. Yet, neither of these tests
truly measured the sensory dominance. Thus, a quantitative method was developed through
psychophysical methods in this study to address those limitations.
The major finding of this study was that the method helped quantify the latency of the
subject’s response by obtaining the minimum time needed to achieve optimal stereoacuity.
Subjects with balanced eyes had significantly (p = 0.01) shorter reaction times on average (Tmin =
138.28 msec) compared to subjects with clear dominance (Tmin = 1229.02 msec). The data
represents that subjects with balanced eyes may have shorter processing time to reach optimal
stereopsis and subjects with strong ocular dominance need longer time to reach optimal
stereopsis. The findings in this study sheds light on the influence of fine stereopsis associated
with response time and stereothreshold in individuals with balanced eyes. The mechanism
underlying this finding can be explained by refractive development in both eyes, linkage to the
retina, and communication to the visual areas of the brain where binocular information is
processed [4].
Ocular dominance is measured by the signals sent from both eyes to the visual areas of
the brain. The eye considered dominant has greater access to the visual brain versus the nondominant eye. One possible speculation explaining this phenomenon could be that the dominant
eye has greater visual impact and therefore, has a greater growth rate [10]. For a subject with
unclear dominance, equal eye growth is possible with the understanding that both eyes have
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similar sensitivity. Conversely, for a subject with clear dominance, the dominant eye would have
higher sensitivity and it has been suggested that growth is much faster than the non-dominant eye
. Our findings suggest that the perception of depth formed in the brain from the visual stimuli

[10]

is perceived much more rapidly with balanced eyes.
Further development of the ODI test may be helpful to determine candidacy for
permanent monocular devices, such as the implantable miniature telescope (IMT) for age-related
macular degeneration (AMD) [40]. This requires patients’ ability to alternate suppression between
eyes to make use of either the central magnification with the IMT or the peripheral vision in the
fellow eye for mobility [40]. Clinically, it is difficult to assess whether patients with clear ocular
dominance are not good candidates for the IMT. AMD patients would have very poor stereopsis
so the method in this study would not be suitable for testing. However, the method could
potentially be modified to accommodate the patients’ level of reduced stereopsis. The modified
version of the ODI test could possibly be used for individuals with severe vision loss to
determine if it may be helpful in distinguishing patients’ candidacy for the IMT.
Other potential uses for the ODI may be to help determine candidacy for monovision
contact lenses or LASIK surgery [41]. Correcting the dominant eye for far vision allows for better
binocular summation at middle distances and near stereoacuity [41]. However, it is important to
determine, which eye to allocate as the dominant and non-dominant for either contact lens fitting
or refractive surgery. In a clinical setting, eye care practitioners would be able to fit contact
lenses more efficiently by determining the dominant eye. For monovision patients, the dominant
eye is fitted with the contact lens that is used to focus on objects at a distance. Similarly, with
LASIK surgeries, commonly referred to as a laser eye surgery to correction vision, the distance
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vision is linked with the dominant eye. Above all, better determination of ocular dominance
could translate into better clinical decision making for the benefit of patients.
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