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Dyop Acuity - Clinical Module 
“Select the smallest Dyop detected as spinning” 

2020-03-18 
Overall plan  
 
A Dyop® (short for dynamic optotype) is a segmented ring whose spinning equally sized gaps and 
segments provide a strobic stimulus of the retina photoreceptors of the eye for use in measuring acuity 
and refractions based on the angular diameter of the smallest Dyop detected as spinning. 
 
Vision is a dynamic process which requires a kinetic stimulus such as the saccade process to evoke the 
excitatory response and refresh of the retina photoreceptors.  The Dyop visual strobic gap/segment 
stimulus area has been determined to be smaller (as well as more precise and consistent) than the 
typical Snellen stimulus.  The Dyop strobic stimulus avoids photoreceptor response depletion and its 
potential for an over-minus visual response.  The correlation of the angular arc width of a Dyop to visual 
acuity allows for the incremental measurement of acuity from an angular width of 104 arc minutes 
(Snellen 6/600 or 20/2000) down to an arc width of 4 arc minutes (Snellen 6/2 or 20/6).  Acuity above 
6/600 (20/2000) is defined as being legally blind.  Because it uses resolution acuity rather than 
recognition acuity, a Dyop is also culture and language independent and should be able to measure 
acuity in children as young as one year of age.   
 
Rather than have the patient and examiner sequentially scroll through the 34 permutations of Dyop 
diameters from 104 arc minutes down to 4 arc minutes, the wizard within the Chart2020 vision test 
platform uses a flowchart to provide a significantly more rapid method of testing vision.  The Clinical 
Dyop tests starts at a midpoint of 41 arc minutes (Snellen 6/120 or 20/400).  Depending upon whether 
the subject is able to detect the Dyop as spinning will determine whether the next displayed Dyop in the 
series is either larger or smaller.  If spinning IS detected (YES) the next displayed Dyop will be 
incrementally smaller.  If spinning is NOT detected (NO) the next displayed Dyop will be larger.  Each 
change in the Dyop diameter also has the next displayed Dyop spinning in the opposite direction. 
 
Using the flowchart methodology allows for a rapid, yet precise, clustering of the visual response into 
acuity endpoint clusters starting at 24 arc minutes (Snellen 6/45 or 20/150), 17 arc minutes (Snellen 
6/23 or 20/75), 12 arc minutes (Snellen 6/14 or 20/45), 8 arc minutes (Snellen 6/6 or 20/20), down to 5 
arc minutes (Snellen 6/4 or 20/10).  With each change in the Dyop diameter, the patient chooses 
whether the Dyop is detected as spinning.  When the patient is unable to see the Dyop as spinning (sub-
acuity), then the Dyop diameter is incrementally increased until spinning is detected.  That minimum 
diameter for detecting the spinning Dyop becomes the acuity end point for the eye/eyes being tested, 
and that acuity endpoint value is recorded to the database.  Once the test is finished, a report is 
generated which will be available for printing or storing in the current software system.  

The Patient Interface  
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The Database for Storing Results 
 
The same/similar database table used in Chart2020 ETDRS testing will be used, and a similar 
report will used to store the Dyop acuity end points as done with ETDRS.  

The Algorithm  
Dyop test methodology will present a sequence of different sized Dyop targets whose angular 
arc width diameter is determined by the patient’s answers as to whether they identified the 
previous Dyop as spinning or not spinning.  When the patient sees the Dyop as spinning the 
next target will be incrementally smaller until the patient does NOT see the Dyop as spinning.   
When the patient does NOT see the Dyop as spinning, the next largest Dyop where spinning is 
detected is the (assumed) acuity end point.  
 
At the (assumed) acuity end point, it may also be useful to ask the patient for the spin 
direction of that smallest detected spinning Dyop as either being clockwise or counterclockwise.  
If the patient successfully indicates the spin direction of smallest Dyop detected as spinning, 
then the test ends for that eye and the diameter of that Dyop is registered as the acuity end 
point.  If they cannot detect the spin direction of the Dyop, then go back to the previously 
incrementally larger Dyop and ask if they can detect the spin direction of the that displayed 
Dyop as the acuity endpoint.  (It may also be useful for younger patients to have a nearby chart 
explaining the rotational difference of clockwise versus counterclockwise due to their 
overabundance of exposure to “modern technology.”)   
 
 
 
Counterclockwise 

 

 
 
 
Clockwise 
 

  
 
 
The figure to the right shows a sign which might be posted 
next to the Dyop Chart2020 system showing the direction of 
Dyop spin as either Clockwise or Counterclockwise.  The 
subject may be asked to identify the direction of spin rotation 
to check for false positives. 

 
The Report 

The patient report presents details as to the acuity response and determination of efficiency. 
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The Algorithm Chart and Information  
 
Dyop testing is based on the relationship between diopters of blur and the angular arc width 
(diameter) of the smallest Dyop visual target (optotype) where its spinning can be detected.  
Unlike Snellen values, the Dyop angular arc width has a direct linear relationship to the 
compensating diopters of sphere, whereas the Snellen feet and metric measurements have a 
logarithmic relationship (LogMAR) between diopters of blur and their size.   
 
The following table can be used for the Dyop size relationships.  The Snellen feet and meter 
values and the suggested initial spherical correction in diopters are calculated as a function of 
the Dyop arc width.   

 
The initial Dyop size presented to the subject is equivalent in size to the Snellen acuity of 41 
arc minutes (Snellen metric 6/120 or feet 20/400) and the test can incrementally measure 
acuity at 6 meters (20 feet) in the range from 6/600 (20/2000) down to 6/2 (20/6).  Acuity above 
6/600 (20/2000), which is 104 arc minutes, is defined as being legally blind, and is also the 
“maximum acuity” displayed for the Normal Mode Dyop test.   
 
Because of the (unique) linear ratio of the Dyop diameter to diopters of blur, acuity worse than 
6/600 (20/2000) can actually be “accurately” measured by using the 6.1 meter (20 foot) viewing 
distance in the test setup but viewing those Dyops at half the designated distance of 3.05 
meters (10 feet).  With that viewing distance change the displayed values will be the equivalent 
of having the patient view the screen at 6 meters (20 feet) but with a larger monitor.  
 
That linear ratio of Dyop diameter to diopters of blur also allows for a relatively precise 
determination of the initial setting for sphere where the measured Dyop arc width acuity 
endpoint less 8 creates a base for an Emmetrope equivalent.  That Emmetrope equivalent 
divided by 6 is the initial Dyop sphere setting.  (See Table above.) 
 
The Normal Mode displays the Dyop Arc Width incremental measurements as well as Metric or 
Feet or Decimal or LogMAR measurements.  (LogMAR and Decimal are rarely used.)  
However, for research and analysis purposes, the Precision Mode also displays the Dyop in 0.3 
Arc Width measurements.   

 
Screen samples for the 6/240 and 6/600 Dyops are below: 
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Dyop Acuity – Methodology 
 
Vision is dynamic which is why the photoreceptors need a kinetic stimulus such as the saccade process 
to evoke their excitatory response.  The Dyop provides a rapid and precise methodology for acuity self-
testing.  The subject is presented with a Dyop with an intermediate diameter as to its arc widths and is 
asked “is the Dyop (segmented ring) spinning?”   
 
The initial Dyop size presented to the subject is equivalent in size to the Snellen acuity of 41 arc 
minutes (Snellen metric 6/120 or feet 20/400).  That diameters should be sufficiently large that in most 
cases it should be detected as spinning.  If the patient CANNOT detect the Dyop as spinning, the Dyop 
diameter is incrementally increased in size until a spinning response is detected.  The smallest diameter 
Dyop detected as spinning in this series is the acuity endpoint.  A patient whose acuity is above 104 arc 
minutes (6/600 or 20/2000) and cannot detect the Dyop as spinning and is regarded as being legally 
blind.  
 
If the patient CAN detect the initial 41 arc minute diameter Dyop as spinning, the Dyop diameter is 
reduced by a factor of about 40% from 41 arc minutes to 24 arc minutes.  If the patient CANNOT 
detect the 24 arc minute Dyop as spinning, the Dyop diameter is incrementally increased in size until a 
spinning response is detected.  The smallest diameter Dyop detected as spinning in this series is the 
acuity endpoint.   
 
If the patient CAN detect the 24 arc minute diameter Dyop as spinning, the Dyop diameter is reduced 
by a factor of about 40% from 24 arc minutes to 17 arc minutes.  If the patient CANNOT detect the 17 
arc minute Dyop as spinning, the Dyop diameter is incrementally increased in size until a spinning 
response is detected.  The smallest diameter Dyop detected as spinning in this series is the acuity 
endpoint.   
 
If the patient CAN detect the 17 arc minute diameter Dyop as spinning, the Dyop diameter is reduced 
by a factor of about 40% from 17 arc minutes to 12 arc minutes.  If the patient CANNOT detect the 12 
arc minute Dyop as spinning, the Dyop diameter is incrementally increased in size until a spinning 
response is detected.  The smallest diameter Dyop detected as spinning in this series is the acuity 
endpoint.   
 
If the patient CAN detect the 12 arc minute diameter Dyop as spinning, the Dyop diameter is reduced 
by a factor of about 40% from 12 arc minutes to 8 arc minutes.  If the patient CANNOT detect the 8 
arc minute Dyop as spinning, the Dyop diameter is incrementally increased in size until a spinning 
response is detected.  The smallest diameter Dyop detected as spinning in this series is the acuity 
endpoint. 
 
If the patient CAN detect the 8 arc minute diameter Dyop as spinning, the Dyop diameter is reduced by 
a factor of about 40% from 8 arc minutes to 5 arc minutes.  If the patient CANNOT detect the 5 arc 
minute Dyop as spinning, the Dyop diameter is incrementally increased in size until a spinning response 
is detected.  The smallest diameter Dyop detected as spinning in this series is the acuity endpoint. 
  
In each case, when the “final” acuity endpoint Dyop diameter is reached, the acuity endpoint diameter 
Dyop will again be incrementally reduced in diameter to verify that the larger diameter Dyop is the acuity 
endpoint. 
 
The entire hierarchical methodology, starting at 41 arc minutes and ranging from 104 arc minutes to 
the minimum of 4 arc minutes, should take from five to eight steps, with less than three seconds per 
step to determine the response.  Typical time for measurement to an 8 arc minute acuity (Snellen 6/6 or 
20/20) in each eye should be less than twenty seconds.  It is estimated that by utilizing the increased 
efficiency and precision of the Dyop for measuring acuity, a refraction using a Dyop should take less 
than 120 seconds per eye, and possibly only 90 seconds per eye. 
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Dyop Basic Color Options 
Because acuity is a response function of the Red, Green, and Blue photoreceptors, the  
disparate color acuity endpoints can also be used to calibrate color perception and as a  

potential indicator of visual symptoms such as dyslexia, migraines, epilepsy, and glaucoma. 
Basic Dyop color options are accessed via pressing the “Home” key 

 
 

Typical Dyop Color Acuity Endpoints 
Arc Width and Snellen values in feet (20/XX) 
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Dyop Acuity Single Optotype - 7 Step Flow Chart 
Numbers are the Acuity Endpoints in Arc Minutes 

8 Arc Minutes = Snellen 20/20 and Metric 6/6 
The smallest Dyop detected as spinning is the acuity endpoint 

 
 

Dyop Acuity Single Optotype - 7 Step Flow Chart 
Numbers are the Acuity Endpoints in Feet 

8 Arc Minutes = Snellen 20/20 and Metric 6/6 
The smallest Dyop detected as spinning is the acuity endpoint 
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Dyop Acuity Single Optotype - 7 Step Flow Chart 
Numbers are the Acuity Endpoints in Meters 
8 Arc Minutes = Snellen 20/20 and Metric 6/6 

The smallest Dyop detected as spinning is the acuity endpoint 

 
 
 

Dyop linear size increase versus Snellen logarithmic size increase 
Southern College of Optometry - 2013 and 2014 data 
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Dyop Arc Width comparison to 
Snellen Meters/Feet and Screen Diameter (mm) 

at 20 feet (6.1 meters) 
DUA = Dyop Unaided Acuity arc min 

DEE arc min =  Dyop Emmetrope Equivalent  
DEE arc min = DUA minus 8 arc minutes 

IRS = Initial Refraction Sphere (+/-) in diopters rounded by .125 
IRS (+/-) in diopters = DEE arc minutes divided by 6 

 
DUA DEE DIS Snellen Screen Diam 

(DUA-8) (DEE/6) +/- Standard Values  (DUA/7.6)*13.5 
Arc Min Emmetrope Sphere Feet Meters Diam - mm 

104 96 16.000 2000 600 185 
81 73 12.125 1300 400 144 
70 62 10.375 1000 300 124 
62 53 8.875 800 240 110 
57 49 8.125 650 200 101 
52 44 7.375 550 170 92 
46 38 6.500 475 145 82 
41 33 5.500 400 120 73 
39 31 5.125 350 100 69 
35 27 4.500 300 90 62 
32 24 4.000 250 75 57 
30 22 3.625 220 67 53 
28 20 3.375 200 60 50 
25 17 2.875 170 50 44 
24 16 2.625 150 45 43 
22 14 2.375 130 40 39 
21 13 2.125 110 34 37 
20 12 2.000 100 30 36 
19 11 1.875 90 27 34 
18 10 1.625 80 25 32 
17 9 1.500 75 23 30 
16 8 1.375 70 21 28 
15 7 1.125 65 20 27 
14 6 1.000 60 18 25 
13 5 0.875 50 15 23 
12 4 0.625 45 14 21 
11 3 0.500 40 12 20 
10 2 0.375 32 9.5 18 
9 1 0.125 25 7.5 16 
8 0 0.000 20 6 14 
7 -1 -0.125 18 5.5 12 
6 -2 -0.375 15 4.5 11 
5 -3 -0.500 10 4 9 
4 -4 -0.625 6 2 7 
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