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Background: Dyop® is a dynamic optotype with a rotating and segmented visual stimulus. Tt can be used
for visual acuity and refractive error measurement. The objective of the study was to compare refractive error
measurement using the Dyop® acuity and LogMAR E charts.

Methods: Fifty subjects aged 18 or above with aided visual acuity better than 6/12 were recruited.
Refractive error was measured by subjective refraction methods using the Dyop® acuity chart and LogMAR
E charts and the duration of measurement compared. Thibo’s notation was used to represent the refractive
error obtained for analysis.

Results: There was no significant difference in terms of spherical equivalent (M) (P=0.96) or JO (P=0.78)
and J45 (P=0.51) components measured using the Dyop® acuity and LogMAR E charts. However, subjective
refraction measurement was significantly faster using the Dyop® acuity chart (t=4.46, P<0.05), with an
average measurement time of 419.90+91.17 versus 452.04+74.71 seconds using the LogMAR E chart.
Conclusions: Accuracy of refractive error measurement using a Dyop® chart was comparable with use of
a LogMAR E chart. The dynamic optotype Dyop® could be considered as an alternative fixation target to be

used in subjective refraction.
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Introduction

Visual impairment is an important condition affecting
approximately 285 million people of all ages worldwide (1).
In China, over 50 million people suffer from various levels
of visual impairment (2). The World Health Organization
(WHO) estimated uncorrected refractive error and cataract
are associated with 42% and 33% of visual impairment
respectively globally (1). About 153 million people are
visually impaired from uncorrected refractive errors (3)

although prevalence of refractive errors varies across age
groups, genders, ethnicities, and regions (4-6). Spectacle
correction significantly improves the vision for those with
uncorrected refractive error (7). In Hong Kong, the vision
of about 70% of elderly people could be corrected by
distance spectacles (8,9).

Visual acuity charts with optotypes, including letters,
numbers, Tumbling E, and Landolt C, are used to measure
visual acuity and refractive error. The logarithm of the
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Figure 1 Fundamental geometry of the Dyop dynamic optotype.
(A) The total circular diameter or visual angle. (B) Speed of rotation.
(C) Contrasting colors. (D) Segment angle. (E) Segment arc width.
(F) Area of each segment in arc-minutes’. Permission to print had

been obtained (13). RPM, revolutions per minute.

minimum angle of resolution (LogMAR) acuity chart has
the advantage of standardizing the letter size in each line
and is generally considered as accurate and repeatable,
but may take more time for the measurement. Several
studies have compared various visual acuity charts with
the LogMAR chart (10-12). In addition, people who are
illiterate may have difficulties with the conventional visual
acuity measurement.

Dyop®, a new dynamic optotype designed by
Hytowitz (13), is a rotating and segmented visual stimulus
method for visual acuity and refractive error measurement.
The image diameter is adjusted by angular arc width and
calibrated with the viewing distance to measure the acuity
threshold (Figure 1) (13). The acuity measurement starts by
presenting the subject with large spinning Dyop® targets.
The diameter of targets continues to reduce until the
subject can no longer perceive any motion of the targets.
The acuity endpoint is determined by the minimum
stimulus area of perception of the Dyop® segment motion.
Thus, Dyop® offers an alternative for measurement of visual
acuity and refractive error which is independent of culture,
literacy, and language. A pilot study, conducted by Harris
et al to validate visual acuity measurements with the Dyop®
system, reported that measurement result was comparable
to Sloan letters, although the comparison was between
dynamic and static acuity (14,15). The purpose of the
current study is to compare refractive error measurement

© Annals of Eye Science. All rights reserved.

Annals of Eye Science, 2022

using the LogMAR E and Dyop® acuity charts. We present
the following article in accordance with the STROBE
reporting checklist (available at https://aes.amegroups.com/
article/view/10.21037/aes-22-17/rc).

Methods
Subject recruitment

Fifty subjects aged 18 or above with habitual aided visual
acuity better than 6/12 in both eyes and without any history
of ocular disease were recruited in the Optometry Clinic
of the School of Optometry, The Hong Kong Polytechnic
University. Subjects with Parkinson’s disease and/or
Alzheimer’s disease were excluded, as these respondents
may have difficulties in motion perception (16,17).

All the subjects received an information sheet about
the research study and written consents were obtained.
The study was approved by the Human Subjects Ethics
Committee of The Hong Kong Polytechnic University (No.
HSEARS20170215006) and the study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013).

Subjective refraction

Objective refraction of all subjects was measured using an
autorefractor (NIDEK ARK 510A, Japan) under closed-
view conditions. The result was used as the starting point
of the refraction procedures. The starting optotype size was
0.3 LogMAR in each chart. The subjective refraction in
both eyes was measured with the same phoropter and two
different visual acuity charts.

3-meter LogMAR E chart

The LogMAR E chart (Figure 2), produced by The Hong
Kong Polytechnic University, was placed 3 m away from
the subject. A conventional subjective refraction protocol
was used, which included best sphere measurement, use of
duochrome, astigmatism measurement by Jackson Cross
Cylinder method, and binocular balancing by fogging and
alternate occlusion. The refraction protocol was performed
according to Clinical Procedures in Primary Eye Care (18).
The best corrected visual acuity in LogMAR was recorded
for both eyes.

Dyop® acuity chart (Figure 3)
The chart, provided by Allan Hytowitz (13), was displayed
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Figure 2 LogMAR E chart.

on a monitor placed 6 m away from the subject. The high
contrast black and white Dyop® acuity test target was
used with the rotating figure appearing on a 50 per cent
grey background. Two Dyop® targets were presented: one
rotating and one static. The Dyop® target equivalent to 0
logMAR rotated at 40 revolutions per minute. Dyop® acuity
was collected in arc minutes, representing the visual angle
of the outer diameter of the circular optotype. The smallest
diameter for rotation detection was determined by reducing
the size of the Dyop® moving target until the subject could
not perceive any motion of the target. The refractive power
was deemed to reach the smallest Dyop® diameter. The
refraction protocol was as follows:

(I)  With the objective refraction in place, the sphere
power was adjusted until the Dyop® acuity was
reduced to the smallest diameter for rotation
detection;

(II) The axis of astigmatism was rotated until the
Dyop® acuity was reduced to the smallest diameter
for rotation detection;

(IIT) The power of astigmatism was adjusted until the
Dyop® acuity was reduced to the smallest diameter
for rotation detection;

(IV) Binocular balancing by fogging and alternate
occlusion;
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(V) The best corrected Dyop® in arc minutes was

recorded for both eyes.

To convert Dyop® in arc minutes to LogMAR units, a
graph was plotted using the data provided by the Dyop®
acuity test with an equation [LogMAR acuity = 0.7674 x In
(Dyop® arc minute) - 1.5602].

The order of the two measurements was determined
randomly and the measurements taken 5 min apart.
The best corrected visual acuity and time spent on each
subjective refraction measurement was recorded. The time
spent on subjective refraction was measured from best
sphere determination to binocular balancing with best
corrected visual acuity. All measurements were collected by
the principal investigator (RS) in the same room with the
same illumination. RS has been a practicing optometrist for
over 10 years.

Thibo’s notation

Thibo’s notation was used to represent the refractive error
obtained from the subjective refraction (19). The sphero-
cylindrical combinations were divided into spherical
equivalent (M) (sphere + cylinder/2) and two Jackson
crossed cylinders at 180° [JO = (cylinder/2) cos2p] and 45°
[J45= (cylinder/2) sin2B)]. p was the axis of the cylinder
power obtained from the subjective refraction. These three
components are independent and could be used to compare
the results from the two acuity charts.

Statistical analysis

The visual acuity data were presented in LogMAR units
with E chart and arc minutes with Dyop®. Thibo’ Notation
was used to represent the refractive error. Mann-Whitney
U test was used to compare the differences of measurements
between the two acuity charts. Bland-Altman plots were
used to determine the limits of agreement between the
two charts. A P value <0.05 was considered statistically
significant. Data were analyzed using IBM SPSS Statistics
version 23 software (IBM Corp., Armonk, NY, USA).

Results

This study recruited fifty subjects, aged 44.94£12.07 years,
of whom 62% (31/50) were female. The mean differences
of M, JO, and J45 measured by the two visual acuity charts
were compared between the two eyes. As non-significant
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Figure 3 Dyop® acuity chart.

difference was found between eyes (P>0.05) for all of
components, only the data from one eye (right eye, after
binocular balance) was used in the analysis.

Spherical equivalent (M)

There was no significant difference between the two charts
(z=-0.05, P=0.96) with means of -2.88+2.85 D (range -9.37
to +2.25 D) with the LogMAR E chart and -2.90+2.85
(range -9.50 to +2.00 D) with Dyop®. The mean difference
of M between the LogMAR E chart and Dyop® acuity test
was 0.0220.35 D, with upper and lower limits of agreement
at 0.70 and -0.66 D, respectively. Bland-Altman plots
showed the difference in M was within 95 per cent of
agreement across the refractive errors measured (Figure 4).

Component J0 and 745

The mean value of JO was 0.05+0.40 D (range -0.88 to
0.96 D) using LogMAR E chart and 0.03£0.41 D (range
-0.86 to 0.86 D) with Dyop®, whilst that of J45 was
0.01£0.33 D (range -0.80 to 1.29 D) with LogMAR E chart
and 0.01£0.31 D (range -0.72 to 1.41 D). As for spherical
equivalent, there was no significant difference in JO (z=-0.28,
P=0.78) and J45 (z=-0.66, P=0.51) between the two charts.
The mean difference of JO and J45 between the LogMAR
E chart and Dyop® acuity test was 0.030.12 and 020.11 D,
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with the upper and lower limits of agreement at 0.26, -0.21
and 0.22, -0.21 D, respectively. Bland-Altman plots showed
the difference in JO and J45 were within 95 per cent of
agreement for the refractive errors measured (Figures 5,6).

Subjective refraction duration

The duration of completing the subjective refraction of
both eyes was recorded. The measurement was faster
(t=4.46, P<0.05) with Dyop® (mean =419.90+91.17 seconds,
range 209 to 586 seconds) than LogMAR E chart (mean
=452.04+74.71 seconds, range 313 to 600 seconds).
The higher standard deviation could be due to motion
perception difference.

Discussion

Before using the dynamic optotype for subjective refractive
error measurement, it is important to determine if visual
acuity measurement by Dyop® is comparable with that
of the LogMAR E chart. A previous study revealed that
the mean difference of visual acuity measured by Dyop®
and LogMAR E chart was 0.05+0.07 LogMAR unit,
which did not reach statistical significance (20). With
comparable visual acuity measurement, this study aimed
to investigate the refractive error measurement with a
dynamic acuity chart by comparing the results measured
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Figure 4 Bland-Altman plots of mean and difference of M with LogMAR E chart and Dyop® chart. The horizontal solid line is drawn at the
mean (0.02) and dotted lines at 2 standard deviations. The 95% limits of agreement between the two tests were 0.70 and -0.66 LogMAR.
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Figure 5 Bland-Altman plots of mean and difference of JO with LogMAR E chart and Dyop® chart. The horizontal solid line is drawn at the
mean (0.03) and dotted lines at 2 standard deviations. The 95% limits of agreement between the two tests were 0.26 and -0.21 LogMAR.

with a conventional LogMAR E chart. Thibo’s notation
(M, JO, and J45) was used to represent the refractive
error measurement. There was only 0.02+0.35 D mean
difference in the spherical equivalence (M), 0.03£0.12 and
0£0.11 D in the cross cylinder (JO and J45). In optometry
practice, prescriptions for spectacles or contact lenses are
usually graduated in steps of 0.25D. Therefore, the mean
differences of refractive error measured by the two charts
were both statistically and clinically insignificant. These

© Annals of Eye Science. All rights reserved.

results were similar to another study comparing subjective
refractive error measurement with Dyop® and the Snellen
letter chart(21), in which the refractive error measured with
the two methods were comparable. However, the refractive
errors of the subjects were not evenly distributed in this
study (spherical equivalent findings ranged from -9.37
to +2.25). Further investigation was needed to study the
subjects with higher hyperopia.

The current study also recorded the time of refractive
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Figure 6 Bland-Altman plots of mean and difference of J45 with LogMAR E chart and Dyop® chart. The horizontal solid line was drawn at

the mean (0) and dotted lines at 2 standard deviations. The 95% limits of agreement between the two tests were 0.22 and -0.21 LogMAR.

error measurement with the two acuity charts, with Dyop®
measurement taking 32 seconds less time than using the
LogMAR E chart. Although there are only four choices of
answer indicating the direction of letter E in the LogMAR
chart, subjects may still need some time to perceive the
clarity of the target during refractive error measurement.
In contrast, there were only two possible answers when
using Dyop®, i.e., the target was rotating or not rotating,
which may explain the faster measurement with Dyop®
acuity chart. The difference was even more pronounced for
comparison of Dyop® with the Snellen letter chart, with
Dyop® measurement time only half of that using the Snellen
chart (21). During refractive error measurement with either
LogMAR E chart or Snellen letter chart, the practitioner
assesses if the subject has responded to the target correctly
and needs time to obtain the best acuity by adjusting the
lens power. In contrast, the practitioner only needs to
adjust the lens power to reach the point that the subject can
perceive a non-moving target with Dyop®, allowing the end
point of refractive error measurement to be reached faster.
The study does have the limitation the observer was not
blinded to the first refraction results before comparison.
This can be improved by having more than one investigator
with insignificant inter-investigator variation. In addition,
all the subjects in the current study had habitual aided visual
acuity better than 6/12. Thus, the agreement of refractive
error measurement between the two acuity charts among
those with more impaired vision remains uncertain. Further
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research is needed to investigate the agreement of refractive
error measurement of Dyop® for subjects with more
severely reduced visual function, e.g., those with amblyopia,
glaucoma, and macular degeneration.

Conclusions

Subjective refractive error measured by the Dyop® acuity
chart was comparable to the traditional LogMAR E chart,
but use of the Dyop® acuity chart is slightly faster. It can be
considered as an alternative method in subjective refraction
measurement.
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