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Visual acuity is normally a function of the stimulus of the red, green, and blue photoreceptors. 
The Dyop photoreceptor strobic stimulus allows a significantly more precise and consistent 
measure of an acuity endpoint (0.54 arc minute squared) than the Snellen test (1.0 arc minute 
squared).  That acuity endpoint is the smallest Dyop diameter where Dyop rotation can still be 
detected.  (Smaller arc width is better acuity.)  The autonomic response to the color stimulus of 
the photoreceptors seems to regulate acuity.  Disparities in the color acuity endpoint might be 
indicative of symptoms migraines, epilepsy, dyslexia, early onset of glaucoma, and early onset 
of macular degeneration.   
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Which optotype are you using? 
Snellen/Sloan versus Dyop 

 

  
www.chart2020/dyop 











Validation of the Dyop® Acuity Test – ARVO-2015 – Dr. Paul Harris – page 1 of 2 

PURPOSE 
A Dutch Ophthalmologist, Herman Snellen, developed a standardized 

vision-testing chart more than 150 years ago that has been adopted worldwide 
with minor changes in concept and form.  The computer age has opened many 
doors to new ways to measure visual acuity and visual performance but they are 
generally only computerized graphic images or portions of standard charts. 

Inventor Allan Hytowitz designed a new dynamic target called the 
“Dyop” (short for Dynamic Optotype), which is a rotating, segmented optotype.  
The Dyop may be varied by diameter (angular arc width or arc areas), contrast, 
or color at constant or reversed rotational velocities to assess acuity threshold as 
a functional measure of minimum perceptible resolution.  Results of this study 
could alter and improve how visual acuity is measured. 

METHODS 
162 subjects were seated in a standard examination chair and were 

assessed for visual acuity thresholds by viewing, on a fully randomized basis, 
two different acuity charts with a series of test conditions.  Testing was done at a 
full 20 foot testing distance with the only room lighting generated from the LCD 
monitors used by the computerized testing systems.  Threshold acuities were 
assessed for each of the following test conditions for all subjects: 
• Sloan Letters 

—— Refraction uncorrected 
—— Refraction corrected 
—— Refraction corrected with: +2.00 lens; +3.00 lens; +4.00 lens 

• Dyop Optotype 
—— Refraction uncorrected 
—— Refraction corrected 
—— Refraction corrected with: +2.00 lens; +3.00 lens; +4.00 lens 

Dyop acuity values were collected in arc minutes for purposes of this 
testing that were equal to the visual angle of the outer diameter of the circular 
optotype.  These were presented to the subjects on a Chart2020® system 
(Shemesh Medical, Johannesburg, SA).  Sloan letter acuity was measured on a 
Smart System® (M&S Technologies, Niles IL) using a new stair-step 
methodology, the Harris Visual Acuity Protocol, that features much finer graded 
steps than standard acuity lines. 

WHAT IS A DYOP? 
A Dyop is a segmented, circular figure composed of equally spaced 

segments that rotates at constant velocity.  The Dyop is smoothly scaled from 
large to small until a novel endpoint, not experienced with historical acuity 
assessments, is reported.  The rotation appears to stop when the acuity 
threshold is reached.  The continuous battle (and associated frustrations) to push 
a patient to the point of confusion necessary with standard threshold 
determinations is replaced with this almost binary event in which the optotype 
fades into the gray background.   

In this study, a high contrast black and white Dyop target was used 
with the rotating figure appearing on 50% grey background.  While contrast and 
color can also be varied for other visual function assessments, it was not a 
variable in this study.  The structure of the zooming Dyop allows very rapid 
closure to and bracketing of the threshold size.  Dyops may be a universal 
measure as they are cultural, literacy, and language independent.  

The calibrated Dyop image uses a combination of image diameter 
(angular arc width), segment/gap stroke width, percentage of total width (angular 
arc area), rotation speed (RPM), contrast, color, and the pixelized strobic 
photoreceptor refresh rate to create an acuity threshold as an indicator for the 
measurement of visual acuity.  As photoreceptors require change in stimulus to 
evoke an excitatory response from the photoreceptors, a kinetic optotype may 
more favorably match the nature of the visual response mechanism than a static 
optotype in which small eye motions help tease out the visual response.  
Additionally, unlike static images, which get increasingly blurry as they get 

smaller or further away, the rotation of Dyop images stops being detectable at a 
discrete point as the acuity threshold is reached.  The precise Dyop diameter 
serves as an indicator of acuity based upon the angular arc width and viewing 
distance. 

Figure 2 shows three Dyop optotypes on the screen with the largest on the left 
and the smallest on the right.  Each would be turning in a random direction.  In 
this configuration the subject reports which direction the middle Dyop is turning.  
As threshold is reached, in the largest Dyop (left), motion is seen, the yellow 
highlighted middle sized Dyop appears to stop moving or “twinkles”, and the right 
smallest Dyop clearly no motion is reported.  In typical acuity threshold ranges, 
the left could be 20/14, the middle 20/13, and right 20/12. 

RESULTS 
There was a strong linear relationship between Sloan and Dyop 

acuity measures (Pearson r=.94; p<001).  In a single predictor model, the Dyop 
measure explained 89% of the variance in Sloan acuity.  An interaction model 
relaxing the assumption of common slopes by testing condition indicated a 
significant measure X condition interaction (p=.004), and explained over 91% of 
the variance in Sloan acuity.  Optimal conversion algorithms between Dyop and 
Sloan measures were developed via regression models.  

Figure 3 is a plot of the log of the Sloan VA/20 against the log of the 
Dyop size in arc minutes.  The linear Pearson correlation is very strong (r= .95; 
p< .001).  This includes all conditions for all 162 subjects.  Figure 4 shows the 
breakout for each condition. 
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Scatterplot of log (Dyop size in arc minutes) & log (Sloan VA/20)

Figure 3 shows the plot of the log of the Dyop size in arc minutes against the log 
of the Sloan VA/20. 
Rx Corrected = Dark Gray (x) +2.00 blur = Orange (o) +3.00 blur = Red (+) +4.00 
blur = Green (•) 

The best fit for this in a simple linear form is: 
log(Snellen LogMAR) = -1.557 + 2.204(log(Dyop)) 
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Figure 4 show the scatter plots for each of the separate conditions.  Correlations 
were significant to the p <.001 level in all conditions.  Pearson correlations for 
each condition were: Rx Corrected r=.54, +2 blur r=.72, +3 blur r=.72, +4 blur 
r=.63, overall pooled r=.94. 
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VARIABILITY, EFFICIENCY, EASE OF USE 
We noticed that with the Dyop we were able to get to endpoints very 

quickly, and when plotted, the data showed a marked reduction in variability with 
far more linearity.  At times, when looking at averaged data the richness of 
clinical observations made gets obfuscated.  Figures 4 and 5 show the Log plots 
for all of the individual subjects by test condition. 

Figure 5 shows each individual subject and their raw data from the Dyop with 
blur; Mean = 0.873 Variance = 0.035. 

Figure 5 shows each individual subject and their raw data from the Sloan VA 
with blur; Mean = 0.368 Variance = 0.193. 

We noticed in Figure 5 some outlier lines which seemed to indicate 
that going from one level of blur to another, where we expected a decrease in 
visual acuity, that we actually got an increase.  At the lowest part of the graph, a 
green line can be seen shifting downward (better visual acuity) towards +2.00 on 
the X-axis.  Based on this finding we looked at individual sets of data to 
determine how often this occurred.  

In the Sloan VA testing, 31 of the 162 subjects had these anomalies.  
15 of them had a recording of a better level of visual acuity at the +4.00 level of 
blur than at +3.00.  12 of them had a recording of a better level of visual acuity at 
+3.00 blur over the +2.00 blur.  Four subjects had the same exact level of visual 
acuity recorded at two different levels of blur, either at both the +2.00 and +3.00 
or the +3.00 and +4.00 level of blur. 

With the Dyop there were only three of 162 such instances.  With one 
subject the visual acuity recorded was the same with the +3.00 and +4.00 blur.  
With one subject it was better with the +4.00 vs. the +3.00 blur and with one 
other subject it was better at the +3.00 than at the +2.00 level. 

DISCUSSION 
In preliminary work with the Dyop we liked the speed with which we 

could hone in on the acuity threshold.  We appreciated the granularity of the 
measures and the apparent repeatability of the findings with the Dyop.  The 
difficulties and frustration (with both subject and examiner) common in taking 
visual acuity measures are many and need not be summarized here.  For the 
promise of the Dyop to be realized, it was important that not only should the 

measurements at threshold match from method to method, but that they should 
do so over a wide range of blur conditions. 

One year prior, a similar set of data was obtained, but instead, we 
used a standard Sloan logMAR type visual acuity test with the standard line to 
line step sizes, which made very large jumps at the lower levels of visual acuity.  
For example the higher levels went from 20/80 to 20/100 to 20/125 to 20/200 to 
20/400.  This led to data that can be seen in Figure 6. 

Figure 6 shows data from 150 subjects taken in the summer of 2013 using 
computer based M&S Technology visual acuity plotted vs. the Dyop. 

This led to our interest in improving the measure of visual acuity with 
finer gradations in letter size.  This uses a standard Sloan letter optotype that 
begins at 20/8 visual acuity.  A stair-step design is used, at first with coarse and 
then with finer and finer steps to hone in on a more precise threshold quickly.  
Visual acuities of 20/37 or 20/84 could be obtained and this can been seen in 
Figure 1.  At this level of visual acuity measure gradation, the robustness of the 
relationship between the Dyop and visual acuity became evident that is not 
apparently with large pooling of acuity ranges.  

Our results clearly suggest and support our clinical experiences and 
with our 312 subjects over a 2-year period that the Dyop measurement is easier 
to obtain and the data is robust.  The only difficulty we had with getting the Dyop 
results was confusion in some subjects.  Keep in mind that most subjects were 
second and third year optometry school students who understand the concept of 
clockwise vs. counter-clockwise spin movements.  We had to keep on the wall 
near the Chart2020 display a sign to help our subjects respond.  Between years 
we asked for the inclusion of a silent way to stop all rotation of the Dyops being 
shown, which led to the paradigm of asking which one of the pair of optotypes 
was rotating rather than which direction the optotype was rotating.  This turned 
out to be a far superior way to identify the endpoint of the Dyop testing. 

Figure 7 shows the signs placed above the Dyop Chart2020 system showing two 
Dyop optotypes on the screen.  The direction/motion of each optotype is 
randomized with each step, i.e. one optotype is randomly selected to rotate and 
the direction of the rotating optotype is randomized.  The subject is required to 
identify the rotating Dyop and the rotation direction. 

CONCLUSIONS 
The Dyop is a novel method of measuring visual acuity that is 

strongly associated with, and may offer an improvement in assessment of visual 
acuity compared to historical methods.  In additional to a strong correlation with 
traditional methods, the Dyop was reported to be advantageous due to the speed 
at which the threshold endpoint is defined, finer acuity granularity compared to 
the typically used acuity “line” steps, and ease of endpoint identification by 
subjects. 
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SUBJECTIVE COMPARISON BETWEEN DYOP® AND SNELLEN REFRACTIONS 
Isiaka O. Sanni, OD, University of Benin, Department of Optometry, Benin City, Edo State 

ABSTRACT 
 

Background:  A Dyop® (or dynamic optotype) is a spinning visual target which uses the strobic detection of the 
spinning gaps/segments of the ring to measure visual acuity 
 
Methods: Forty subjects with visual acuity better than 6/12 (20/40) and ages between 20 and 28 years (24.48 ± 2.01 
years) were recruited at the University of Benin Optometry Clinic. Snellen and Dyop acuity charts were displayed on a 
monitor at a distance of 6-meters. The assessment sequence between the two acuity chart formats was alternated for 
every other patient to reduce potential refractionist bias. Subjective refraction was measured in both eyes, and the 
duration of testing for each patient and each method was recorded.  
 
Results: There was no significant mean Thibo’s notations difference, M (p = 0.77), J0 (p = 0.27) and J45 (p = 0.57) 
using the Bland-Altman plot and 95% limits of agreement between the two charts, and no differences as to age and 
gender. There was, however, a disparity in the mean acuity of about 0.25 diopters with the mean Snellen acuity of 1.60 ± 0.21 
decimal units and the mean Dyop acuity of 1.17 ± 0.14 decimal units with a linear relationship: y = 0.3121x + 0.6709 (p 
= 0.00). The refraction with a Dyop acuity chart also typically took half as long (339 ±122 seconds) as the refraction 
with a Snellen acuity chart (680 ± 281 seconds), p = 0.00. 

 
Conclusions: Subjective refractions with a Dyop chart are comparable to a Snellen chart. The efficiency of a Dyop 
refraction, however, was typically twice that of  the  Snellen  chart,  with  a  narrower  variance  in  visual  acuity 
measurements, and an improved level of acuity of about 0.25 diopters.  

 
Keywords: Dyop® acuity chart, Snellen acuity chart, Visual acuity, Subjective refraction. 
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VISUAL ACUITY ASSESSMENT WITH A DYOP® VERSUS A SNELLEN ACUITY CHART 
FOR PRE AND POST CATARACT SURGERY 

Dr. Peter Gordon, MD, Kimberly Brewer, COA 
Eye Physicians and Surgeons, Decatur, Georgia 

 
 

ABSTRACT 

Purpose: To compare the visual acuity of pre and post cataract surgery's patients using a Snellen 
acuity chart and a Dyop acuity chart as to differences in resolution acuity versus recognition acuity. 

Methods: Fifty-nine patients (105 eyes) with senile cataracts aged 40 years or older, and with no 
other ocular pathologies, were evaluated as to visual acuity for pre and post cataract surgery using 
the Snellen acuity and Dyop acuity charts. 

Results: Cataracts were nuclear in 50 eyes, nuclear and posterior sub capsular in 24 eyes, nuclear 
and cortical in 23 eyes, nuclear, cortical and posterior sub capsular in 4 eyes as well as nuclear, 
anterior and posterior sub cortical in 2 eyes, pre cataract surgery. The average spherical equivalents 
pre cataract surgery refractive assessments for the patients were -0.61±2.81D and -0.63±3.22D for 
right and left eye respectively. The mean VA measured at pre cataract surgery were significantly 
overestimated with Snellen (OD: 0.64 ± 0.15, OS: 0.69 ± 0.23 decimal units) versus Dyop (OD: 0.53 ± 
0.25, OS: 0.55 ± 0.24 decimal units), for both eyes (OD: p = 0.01, OS: p = 0.01). The mean VA 
measured at post cataract surgery were also significantly overestimated with Snellen (OD: 0.88 ± 
0.22, OS: 0.85 ± 0.20 decimal units) versus Dyop (OD: 0.72 ± 0.22, OS: 0.72 ± 0.23 decimal units), 
for both eyes (OD: p = 0.00, OS: p = 0.01). The Bland Altman plots of difference in the means for 
assessment of visual acuity with the two charts against the average means for assessment of visual 
acuity with the two charts for both eyes, were not within clinically acceptable levels, pre and post 
cataract surgery. 

Conclusions: Visual acuity measurements for pre and post cataract surgery were different with a 
Snellen acuity chart and a Dyop acuity chart in that the Dyop test was a more precise indicator of 
acuity resolution.   These two charts cannot be used interchangeably.  The apparent strength of the 
Dyop acuity assessment is that it primarily utilizes resolution acuity, thus preventing overestimation of 
visual acuity which is inherent in the recognition acuity of the Snellen test. 

Keywords: Visual Acuity; Visual acuity charts; Age-Related Cataract; Cataract Surgery 
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DYSLEXIA AND COLOR PERCEPTION 
Sandra Stark 

Principal CEO at Stark-Griffin Dyslexia Academy 
Johannesburg Area, South Africa 96  

 
 

Abstract 
 
Background: Acuity and accommodation result from a matrix response of the L (red), M (green), and S 
(blue) cone photoreceptors and the relative refractive focal depths of those specific colors. A Dyop® (or 
dynamic optotype) is a spinning segmented ring visual target which uses the strobic detection of the 
spinning gaps/segments of the ring to measure visual function.  Dyop gap/segment color/contrast 
permutations have distinctive, and corresponding, acuity endpoints. 
 
Methods: One hundred and eighty-eight patients, ranging from 4 years to 44 years in age, were 
examined as part of Stark-Griffin Dyslexia Academy to compare their color/contrast acuity endpoint 
perception of a spinning Green-on-White Dyop versus a spinning Blue-on-Black Dyop and the possible 
diagnosis of types of dyslexia. The patients were presented, as part of the Chart2020 vision test platform, 
a display which has an identical diameter spinning Green-on-White Dyop and spinning Blue-on-Black 
Dyop with sufficient arc width diameter such that both Dyop rings were detected as spinning.  Those 
Dyop rings were then identically reduced in arc width diameter until spinning of each of the identical 
diameter colored rings was not detected.  The smallest diameter ring where spinning was detected for 
each of the color/contrast combinations (corresponding to the acuity endpoint metric value) was recorded 
as its color acuity endpoint. 
 
Results: Of the 188 patients, 166 (88% of the total) were formally diagnosed with dyslexia, and 22 
patients (12% of the total) were diagnosed as not having dyslexia.  Of the166 patients diagnosed with 
dyslexia, 151patients (86% of that group) detected the spinning Blue-on-Black Dyop while 9 patients 
(5% of that group) preferentially detected the spinning Green-on-White Dyop.  Of the 22 patients (12% 
of the total) diagnosed as not having dyslexia, 12 patients (55% of that group) preferentially detected the 
spinning Green-on-White Dyop while 9 patients (41% of that group) detected the spinning Blue-on-
Black Dyop.  Of the 22 patients diagnosed as NOT having dyslexia, one was diagnosed as a “cognitively 
challenged,” one was diagnosed as a “slow reader” (albeit NOT dyslexic) and one was diagnosed as 
having ADHD.  There was an additional group of 16 patients (9% of the total) where there was no Green-
on-White Dyop versus Blue-on-Black Dyop preference.  Of the group with no color preference, 1 
patient (5% of that group) was diagnosed as not having dyslexia, and 15 patients (95% of that group) 
were diagnosed with dyslexia.  Of the 151 patients with a definitive color response and diagnosed 
dyslexia, 142 (94%) had a preferential detection of the spinning Blue-on-Black Dyop.  Of the 21 patients 
with a definitive color response and diagnosed as not having dyslexia, 12 (57%) preferentially detect the 
spinning Green-on-White Dyop.  While this is only a preliminary study, the association of the preferential 
detection of the spinning Blue-on-Black Dyop with the 94% association with diagnosed dyslexia definitely 
deserves further evaluation. 
 
Conclusions:   This is a preliminary evaluation of the disparity of color perception versus diagnosed 
symptoms of dyslexia.  There was a very strong positive correlation (r ≤0.9) between color perception and 
diagnosed symptoms of dyslexia. The findings suggest that symptoms presented by dyslexics could be 
better understood or analyzed by their color perception. 
 
Keywords: Color perception, Visual acuity, Dyslexia, Dyop acuity chart. 
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