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Introduction

 
Abstract
    The Dyop Infant Test offers a novel, motion-based method for assessing visual acuity in infants, overcoming the limitations of 
traditional optotype testing for non-verbal subjects. This study evaluates the efficacy of using a gray versus a white background in 
tracking visual acuity development in an infant tested at 80, 95, and 100 days of age. Visual acuity was measured by detecting motion 
of the smallest diameter Dyop ring. Results indicate that visual acuity improved with age across both backgrounds, reflecting normal 
developmental progression.

    The white background consistently facilitated better detection of Dyop motion, likely due to higher contrast sensitivity. However, 
the gray background provided more accurate measurements of resolution acuity, as the merging of black segments and white gaps 
into the gray ring represented the threshold for detecting motion. These findings highlight the importance of background contrast in 
visual acuity testing and suggest that the Dyop Infant Test on a gray background serves as a reliable tool for early detection of visual 
development issues. Future research with larger sample sizes is recommended to further validate these findings and explore the 
clinical implications for populations with visual impairments.
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The Dyop methodology has been validated as a rapid, objective 
approach for visual acuity testing in both adults and children, le-
veraging motion detection as a key indicator of acuity [1,2].

The measurement of visual acuity in infants poses unique chal-
lenges due to the non-verbal nature of the subjects. The Dyop In-
fant Test has been developed to address these challenges by pro-
viding a rapid and objective method of determining visual acuity 
using dynamic optotypes (Dyop). This methodology utilizes both 
the tracking of an image location as well as the innate preference 
for motion detection. This study examines the efficacy of a gray 
versus a white background for the Dyop Infant Tests in tracking 
visual acuity development in an infant over time. 

Background 
  Validation studies support the effectiveness of Dyop optotypes 
across various populations, including infants, children, and adults 
[3,4].

As light enters the eye it is bent (refracted) by the cornea and 
the shape-adjustable lens to attempt to focus that light on the reti-
na. However, not only is that light bent, but it is differentiated into 
specific wavelengths with disparate focal depths with blue typically 
focused in FRONT of the retina, green focused ON the retina, and 
red focused BEHIND the retina. The response to the perceived in-
tensity of blue, green, and red changes the shape of the lens and the 
focal depths of those colors [5].

A Dyop is a spinning segmented ring optotype (typically with 
black segments and white gaps) where the ability to detect the mo-
tion of the smallest diameter spinning Dyop ring is the benchmark 
for the acuity endpoint. As the Dyop rings get smaller in size, NOT 
being able to detect that spinning motion is defined as “sub-acuity.” 
The black segments and white gaps tend to merge creating a seem-
ingly undifferentiated gray ring (aka “sub-acuity”), which is why 
the appearance of the spinning motion is not detected. The Dyop 
acuity endpoint is validated when a sub-acuity Dyop diameter is 
increased in size so that the spinning motion is first detected [1]. 
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Figure 1: Chromatic Triangulation.

Visual acuity (VA) was measured using the Dyop Infant Test on 
both gray and white backgrounds. 

The Dyop empirically determined Minimum AREA of Resolu-
tion for 20/20 or 6/6 acuity is 7.6 arc minutes in diameter, with the 
result that each of the equally sized gaps/segments has a stimulus 
area of 0.54arc minutes squared. That 0.54 arc minutes squared 
is equivalent to about 20 fovea photoreceptors. That response of 
the photoreceptor clusters and their adjacent clusters is simulta-
neously sent to the brain to record the image and to the lens of the 
eye to keep that image in focus [6-8].

The subject was a male infant tested at 80, 95, and 100 days of 
age. For the Children’s Dyop Test two identical-sized Dyops were 

displayed with the location of the single rotating Dyop alternate-
ly switched to the opposite side of the monitor, with one rotating 
while the other Dyop remained static. For the Infant Dyop Test, 
a single Dyop relocates from one side to the opposite side of the 
monitor with the infant tracking the location of the spinning Dyop. 
Detection of motion of the smallest diameter Dyop was recorded as 
the acuity endpoint. Despite a lack of need for literacy with Dyop 
acuity testing, that detection of Dyop spinning reflects the infant’s 
inherent preference for motion detection as Resolution Acuity and 
is essential for acuity measurement.

Dyop testing has numerous formats as a visual target. The pri-
mary formats are the Adult, Children’s, and Infant tests [1]. 

Figure 2

The Adult Dyop Test - (Keystroke “A”) has two identical diam-
eter Dyop rings near the center of the display with only one spin-
ning ring, creating a choice as to detecting the location of the spin-
ning ring and the direction of spin. The dual ring Dyop diameters, 
and target ring diameters, of the Adult and Children’s tests are 
identical. The visual acuity endpoint is the diameter of the small-
est Dyop ring where the direction of spinning was detected. To de-
tect false positives the subject may be asked whether the spinning 
ring was the left ring or the right ring, or whether that ring was 
spinning clockwise or counterclockwise. These tests may also be 
implemented in color (Blue, Green, Yellow, Red), as well as basic 
Black/White-on-Gray.

The Children’s Dyop Test - (Keystroke “U”) has two peripheral 
identical diameter Dyops with only one spinning Dyop ring. 

The Infant Dyop Test - (Keystroke “I”) has only ONE peripheral 
Black segmented Dyop on either a White (“original”) background 
or a Gray (revised) background with the Dyop alternating its pe-
ripheral location as the diameter and/or spin direction changes. 
Because of the tendency for preferential motion detection, the Chil-
dren’s Test and the Infant Test both use the motion of the subject’s 
head and/or eyes to the far-right or the far-left side of the monitor 
to track the peripheral location of the single spinning Dyop.
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Methods
The infant was seated approximately three feet (91 cm) from 

the monitor. Infant Test Dyops were alternated between gray and 
white backgrounds, with the rotating Dyop switching positions 
incrementally. Head and eye movements were monitored to de-
termine when the infant detected motion. The smallest detectable 
Dyop diameter, at which motion tracking was observed, was docu-
mented in Dyop diameter arc minutes as “universal mathematical” 
values, but can also be converted to culturally generated Snellen 
(feet/meters), LogMAR, or Decimal values [1].

Results 
Similar trends have been noted in previous research, where high-
er contrast backgrounds (e.g., white) improved location detection 
and perception of the Dyop [2,7].

The visual acuity of the infant was as follows:

Age 
(days)

VA on Gray Background 
(arc minutes)

VA on White Background 
(arc minutes)

80 34 20

95 30 15
100 28 13

Table 1

Discussion 
The results of this study reinforce the role of motion-based vi-

sual acuity assessments in infants, a population traditionally dif-
ficult to evaluate using standard optotype-based tests. The Dyop 
Infant Test provides a reliable and objective method to determine 
visual acuity by utilizing the intrinsic preference for motion detec-
tion rather than static shape recognition. This approach is particu-
larly beneficial in assessing early-stage visual development before 
language and cognitive processing fully develop.

The improvement in visual acuity with age observed in this 
study aligns with normal maturation of the visual system, particu-
larly the refinement of foveal photoreceptor density and contrast 
sensitivity [2,3]. The observed differences in acuity between gray 
and white backgrounds suggest that background contrast signifi-
cantly influences motion detection thresholds. The higher contrast 
of the white background likely enhances visual target location, 
while the gray background may provide a more accurate measure 
of resolution acuity by minimizing visual cues that aid in simple 
detection [9].

Motion detection is a fundamental component of early visual 
processing, playing a critical role in object tracking and spatial 
awareness. The ability to perceive motion is largely dependent on 
the efficiency of the magnocellular pathway, which is responsible 
for processing dynamic stimuli. The preference for detecting the 
spinning Dyop suggests that the infant’s visual system is engaging 
in motion-based processing rather than static feature recognition 
[4].

The observed acuity differences between gray and white back-
grounds may also reflect the infant’s ability to discern finer con-
trast variations. The merging of Dyop black segments and white 
gaps into the gray ring represents a threshold for detecting motion, 
making it a strong indicator of resolution acuity. This aligns with 
findings in adult studies where Dyop tests have demonstrated sen-
sitivity to subtle changes in visual perception and refraction accu-
racy [1,8].

The white background appears to facilitate better detection of 
Dyop motion due to the higher contrast difference between the 
black segments and white gaps, making motion perception easier. 
However, the gray background provides a more refined endpoint 
where the disappearance of motion signifies the true acuity thresh-
old. This suggests that using both backgrounds in clinical testing 
could provide a more comprehensive assessment of an infant’s vi-
sual capabilities, distinguishing between basic target detection and 
resolution acuity [7].

The Dyop Infant Test holds significant potential as a diagnostic 
tool for early detection of visual impairments. Traditional recogni-
tion-based tests require cognitive processing and familiarity with 
symbols, limiting their applicability in preverbal children. Motion-
based testing, as demonstrated in this study, removes these barri-
ers and provides a direct measure of visual function [8]. Further 
studies with larger sample sizes and diverse populations are neces-
sary to confirm these findings and refine the clinical application of 
the Dyop test in pediatric vision assessments.

By improving sensitivity in measuring early visual develop-
ment, the Dyop Infant Test could also aid in identifying conditions 
such as amblyopia and contrast sensitivity deficits before they be-
come clinically evident. The ability to assess motion-based resolu-
tion acuity may offer new pathways for diagnosing and managing 
early visual disorders. Future research should explore whether the 
observed background-dependent differences persist in larger stud-
ies and how they correlate with known developmental milestones 
in vision [6,10,11].
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   This simple experiment suggest that the white background Dyop 
test may be more effective in detecting subtle changes in visual 
target location, the higher acuity values associated with the gray 
background likely better indicate the visual acuity as the Dyop 
white gaps and black segments appear to merge into the gray 
background ring, thus making detection of the Dyop location and 
spinning less likely. This method on a gray target ring provides a 
reliable tool for early detection of visual development issues in in-
fants. Further studies with larger sample sizes are recommended 
to validate these findings.

Future research should explore the physiological mechanisms 
behind improved performance with contrast-sensitive back-
grounds and investigate the Dyop’s diagnostic utility in detecting 
visual impairments like dyslexia [7,11].

Conclusion 
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