
■  C L I N I C A L  S C I E N C E  ■

February 2022 · Vol. 53, No. 2 79

BACKGROUND AND OBJECTIVE: Ophthalmologic 
telemedicine has emerged during the COVID-19 
pandemic. The objective of this study is to assess 
the accuracy and reproducibility of a smartphone-
based home vision monitoring system (Sightbook) 
and to compare it with existing clinical standards.

PATIENTS AND METHODS: Near Snellen visual acuity 
(VA) was measured with Sightbook and compared 
with conventional measurements for distance and 
near VA at an academic medical center ophthalmol-
ogy clinic in 200 patients with a variety of different 
specified preexisting ocular conditions. Measure-
ments of contrast sensitivity were also compared 
by using an existing commercially available chart 
system in 15 normal patients and 15 patients with 
age-related macular degeneration.

RESULTS: Sightbook VA tests were reproducible (SD 
= ±0.054 logMAR), and correlation with standard 
VA methods was significant (R > 0.87 and P < .001). 
Sightbook contrast sensitivity measurements were 
reproducible (SD/mean ratio, 0.02 to 0.04), yielding 
results similar to those of standard tests (R2 > 0.87 
and P < .001). 

CONCLUSIONS: Smartphone-based VA and contrast 
sensitivity are highly correlated with standard 
charts and may be useful in augmenting limited in-
office care.

[Ophthalmic Surg Lasers Imaging Retina. 2022;53:79-84.] 
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INTRODUCTION

COVID-19 has brought telemedicine and eHealth 
solutions to the leading edge of the patient care para-
digm. In the field of ophthalmology, the success of 
telemedicine workflows depends on the acquisition 
of high-quality and actionable diagnostic data, which 
an eye care provider can effectively interpret from 
another location either synchronously or asynchro-
nously. In the years before the pandemic, emerging 
solutions for remote monitoring of visual acuity (VA), 
other psychophysical parameters, and intraocular 
pressure demonstrated promise for earlier disease de-
tection, including age-related macular degeneration 
(ARMD) and glaucoma, although many have not been 
critically evaluated against existing standards.1,2 

Strategies such as the paper Amsler grid have been 
used for many years to encourage patients to test 
their vision regularly at home. However, quantifica-
tion of such home tests and patient compliance have 
been limited, as has communication of these results 
to physicians. More-recent efforts have included the 
home use of specialized electronic devices to mea-
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sure metamorphopsia with preferential hyperacuity 
perimetry.3 This method quantifies the image distor-
tion due to retinal deformation that is associated with 
conversion from nonexudative to exudative disease, 
although its benefit in assessing disease progression 
and regression in patients already receiving treatment 
of exudative disease has not been conclusively estab-
lished. A portable device for quantitative detection of 
image distortion has also been described.4 Although 
potentially improvements on traditional Amsler grid 
testing, these methods have the requirement of grad-
ing at a centralized reading center and are not spe-
cifically correlated with in-office traditional VA mea-
surements.

A telecommunications-enabled software-based 
mobile monitoring system (Sightbook) for iOS-based 
devices was developed, which allows patients to test 
and track their vision. Sightbook was previously vali-
dated in the clinical setting, with strong agreement 
between the Sightbook VA and Amsler testing and 
reference clinical testing.5 It includes a series of tests, 
including Snellen VA, contrast sensitivity, low-light 
Snellen VA, and metamorphopsia. The tests were 
designed to be taken on a recent-generation iPhone, 
iPad, or iPod touch device while holding the device 
at approximately 14 inches (36 cm) from the face and 
matching a series of randomly displayed letters of pre-
cise font size, contrast, and background lighting that 
automatically increase or decrease in size depend-

ing on whether they are correctly identified by the 
patients via a software-enabled, easy-to-see keypad. 
The test continues with successively smaller and/or 
larger letters until the smallest-sized letter that can 
be consistently identified by the patient is reliably 
determined and takes less than 5 minutes to self-ad-
minister for most patients. Vision test data are then 
both stored on the phone and transmitted and stored 
on a secure website that is compliant with the Health 
Insurance Portability and Accountability Act. Al-
though not currently enabled or tested in this study, 
additional software could enable patients and their 
designated physicians to access these data in a secure 
fashion, including algorithmically driven VA change 
alerts. With these features, Sightbook may prove use-
ful as a clinical decision support tool for patient triage 
by physicians attempting to care for patients with the 
requirement for acute or ongoing treatment of various 
ophthalmic conditions—including ARMD, diabetic 
retinopathy, and retinal vein occlusion—that require 
periodic anti–vascular endothelial growth factor in-
jections. Here, we describe the design and results of 
initial clinical testing of the accuracy and reproduc-
ibility of Sightbook. We compare it with the standard 
clinical charts for measurement of near and distance 
VA and contrast sensitivity in an office environment.

PATIENTS AND METHODS

DESCRIPTION OF THE TESTING ALGORITHM

A typical human eye can resolve 1 arc minute of 
visual angle, which at 20 feet (6 m) corresponds to 
line spacing of about 1.75 mm. The 20/20 letters in 
the Snellen and Early Treatment Diabetic Retinopa-
thy Study (ETDRS) charts used by most clinicians to 
measure distance VA are sized such that the sepa-
ration of the lines that make up those letters corre-
sponds to a visual angle of 1 arc minute. For testing of 
near vision, the chart is held 14 inches (36 cm) from 
the eyes, and line spacing corresponding to 20/20 vi-
sion is approximately 0.1 mm. The numerator 20 (or 
6) refers to the distance in feet (or meters) between 
the subject and the chart. A 20/20 (or 6/6 in metric 
units) VA is considered nominal performance for hu-
man vision. The 20/40 (or 6/12) vision corresponds 
to letters twice larger in size and is considered half 
the normal acuity. Unlike the Snellen method, which 
determines the line in which most letters can be cor-
rectly identified, the ETDRS system determines the 
number of correctly identified letters (five per line), 
which provides for greater precision. In the decimal 
system, the acuity is defined as the reciprocal value 
of the size of the gap (measured in arc minutes) of 
the smallest Landolt C that can be reliably identified. 

TABLE 1

Levels of Contrast Sensitivity in the App

Step
Calculated 
contrast, %

Listed in the 
app, % Log

1 100.00 100 0.00

2 70.71 71 -0.15

3 50.00 50 -0.30

4 35.36 35 -0.45

5 25.00 25 -0.60

6 17.68 18 -0.75

7 12.50 13 -0.90

8 8.84 8.8 -1.05

9 6.25 6.3 -1.20

10 4.42 4.4 -1.35

11 3.13 3.1 -1.51

12 2.21 2.2 -1.66

13 1.56 1.6 -1.81

14 1.10 1.1 -1.96
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A value of 1.0 corresponds to VA of 20/20, and 0.1 
corresponds to acuity of 20/200. LogMAR is another 
commonly used scale, expressed as the decadic (also 
known as decimal or common) logarithm of the mini-
mum angle of resolution. Normal VA (20/20) corre-
sponds to logMAR = 0.0, and 20/200 corresponds to 
logMAR = 1.0. Sightbook VA test begins with a letter 
size in the middle of the Snellen visual range (20/70) 
and decreases by one step after each correct response 
or increases by one step after an incorrect response. 
The test stops at the level where two correct responses 
have been obtained and two incorrect responses have 
been obtained at one level smaller. Alternatively, the 
test stops when the minimum font size (20/20) has 
been identified correctly twice or the maximum font 
sizes (20/400) have not been read correctly twice. In 
the latter case, the result displayed is ≤20/400. The 
test is structured with lines corresponding to a stan-
dard Snellen chart. For the standard visual portion of 
this study, the results were displayed in units (English, 
metric, decimal, logMAR, or ETDRS letters).

For the contrast sensitivity test portion of this 
study, the contrast of the letters displayed varies ac-
cording to the Pelli-Robson contrast scale, and with 
each step, the contrast (level of black in the gray) 
decreases by approximately 20.5 and is digitized ac-
cording to the screen brightness levels. Therefore, 
the contrast C after N successive steps can be calcu-

lated as follows: C (%) = 100 × 2(1-N)/2. The contrast 
in this test ranges from 100% (black letters on white 
background) to 1.1% (faint gray letters on white back-
ground), as listed in Table 1.

The test begins in the middle of the range (at 25% 
contrast), and the contrast decreases after each cor-
rect response or increases after an incorrect response. 
The test stops at the level where two correct respons-
es have been obtained and two incorrect responses 
have been obtained at one level harder. Alternatively, 
the test stops when the minimum contrast (1.1%) has 
been identified correctly twice or the maximum con-
trast (100%) has not been identified correctly twice. 
The button “Not Sure” becomes brighter 5 seconds 
after the letter is presented. Contrast is plotted with 
a negative sign to indicate that higher values repre-
sent poorer contrast sensitivity. An inverse contrast 
test is similar to the standard contrast sensitivity test, 
except that it uses light letters displayed on a black 
background instead of dark letters displayed on a 
white background. In this case, the font color is de-
termined as the amount of white in the gray. White 
letters represent 100% contrast.

COMPARISON WITH THE STANDARD CHARTS 
OF VA AND CONTRAST SENSITIVITY

All tests were performed in the Department of 
Ophthalmology at Kyung Hee University after in-

TABLE 2

VA Measured in Various Categories of Patients by Using  
the App, Good-Lite, and S-ETDRS Charts

All Patients Normal ARMD Cataract DR

Number of eyes 200 69 41 35 55

Age, mean ± SD, 
years

59.9 ± 15.4 50.7 ± 19.0 70.2 ± 8.5 67.1 ± 9.3 59.1 ± 9.6

Female sex, n (%) 102 (51) 35 (51) 13 (32) 23 (66) 31 (56)

VA on app, mean 
± SD, logMAR

0.40 ± 0.30 0.25 ± 0.29 0.52 ± 0.29 0.47 ± 0.24 0.46 ± 0.27

Range of VA on 
app, logMAR

0.0 to 1.3 0.0 to 1.3 0.1 to 1.0 0.1 to 1.3 0.0 to 1.3

Reproducibility, 
SD

±0.054 ±0.051 ±0.058 ±0.062 ±0.044

VA on Good-
Lite, mean ± SD, 
logMAR

0.38 ± 0.26 0.25 ± 0.27 0.49 ± 0.22 0.45 ± 0.23 0.40 ± 0.25

VA on S-ETDRS, 
mean ± SD, log-
MAR

0.35 ± 0.28 0.24 ± 0.28 0.34 ± 0.26 0.48 ± 0.25 0.41 ± 0.27

ARMD = age-related macular degeneration; DR = diabetic retinopathy; S-ETDRS, standard Early Treatment for Diabetic Retinopathy Study; VA = visual acuity.
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formed consent and approval from the institutional 
review board were obtained. To assess correlation 
between VA measurements obtained with Sightbook 
and those obtained with standard printed charts, 
near VA with habitual near correction was measured 
at approximately 35 cm with Sightbook in the of-
fice, with a technician providing instructions and 
overseeing the patient measuring process, and was 
compared with the Good-Lite near-vision chart and 
with best-corrected distance acuity measured by 
using an S-ETDRS chart, which were administered 
by a trained ophthalmic technician under standard 
well-controlled lighting and distance conditions of 6 
m. A total of 200 eyes were tested, including 69 from 
healthy volunteers, 41 from patients with ARMD, 
35 with cataract, and 55 with diabetic retinopathy. 
The corresponding ages in each group are listed in 
Table 2. To assess the reproducibility of the results, 
each measurement with Sightbook was performed 
twice—before and after the measurements with stan-
dard printed charts.

Contrast sensitivity was measured in 15 healthy 
eyes (average age, 31 years) and 15 eyes with dry 
and wet ARMD (average age, 70 years) by using three 
methods: (1) Sightbook, (2) Functional Acuity Con-
trast Test (FACT), and (3) Contrast Sensitivity Test-
ing System CSV-1000 (VectorVision). Again, for the 
assessment of reproducibility, each measurement on 
Sightbook was performed twice.

RESULTS

The results of the VA measurements with Sight-
book were highly reproducible in all the groups, with 
the average SD of ±0.05 logMAR, as shown in Table 2. 

The intraclass correlation coefficient of the repeated 
measurements exceeded 0.86 in all cases. The 95% 
limits of agreement were in the range of −0.189 to 
+0.204 for all patients. 

Comparison of the VA measured by using Sight-
book, the Good-Lite near-vision chart, and the ETDRS 
chart among different populations is summarized in 
Table 2. There were no statistically significant dif-
ferences between tests using Sightbook and the two 
standard methods in any of the tested patient popula-
tions. Further analysis of the correlation of the vari-
ous levels of acuity between Sightbook and the two 
standard charts is shown in Figures 1 and 2. In both 
cases, correlation was significant (P < .001 and R > 
0.87).

Measurements of contrast sensitivity with Sight-
book were also found to be reproducible: in both nor-
mal and ARMD populations, the ratio of SD/mean 
was in the range of 0.02 to 0.04, as shown in Table 3. 
Contrast sensitivity measured with Sightbook yielded 
results similar to those of the standard CSV-1000 chart 
and the FACT chart in both normal participants and 
in patients with ARMD, as shown in Table 3. Linear 
regression between the contrast sensitivity measure-
ments with Sightbook and with the CSV-1000 chart, 
shown in Figure 3, demonstrates significant correla-
tion (P < .001 and R2 > 0.87).

DISCUSSION

During limitations on physical interaction, it is 
important that ophthalmology patients continue to 
receive standard of care, which can include virtual 
clinics, telemedicine consultations, and remote in-
terpretation of diagnostics.6 The US Food and Drug 

Figure 2. Correlation between VA measured by Sightbook and by ET-
DRS chart. ETDRS = Early Treatment Diabetic Retinopathy Study; VA = 
visual acuity.

Figure 1. Correlation between VA measured by Sightbook and by 
Good-Lite chart. VA = visual acuity.
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TABLE 3

Contrast Sensitivity Measured in Various 
Categories of Patients by Using the App, 

FACT, and CSV-1000 Charts

Normal ARMD

Number of eyes 15 15

Age, mean ± SD, years 31.3 ± 5.6 70.5 ± 9.4

App, mean ± SD, log 1.91 ± 0.09 1.51 ± 0.20

Reproducibility, SD ±0.080 ±0.031

FACT, mean ± SD, log 1.91 ± 0.07 1.53 ± 0.20

CSV-1000, mean ± SD, 
log

1.96 ± 0.08 1.55 ± 0.25

ARMD = age-related macular degeneration; FACT = Functional Acuity 
Contrast Test.

Figure 3. Correlation between CS measured by Sightbook and by 
CSV-1000. CS = contrast sensitivity.

Administration has issued guidance that during the 
COVID-19 public health emergency, there is a tem-
porary reduction in the regular requirements for class 
1 remote ophthalmic assessment and monitoring de-
vices.7 A variety of reports have documented the po-
tential utility of various devices for out-of-office mea-
surement of visual functions in the management of 
ophthalmic disease. These include at-home measure-
ments of metamorphopsia, VA, intraocular pressure, 
and visual fields, but these tools require validation 
and reliability data. A recent review of 42 available 
remote tools for monitoring VA found that only one 
tool was validated against standard measures and no 
tools provided reliability data.1 In contrast, Sight-
book was found to be reproducible and was validated 
against standard near and distance VA measures and 
contrast sensitivity measures. 

There are reports of computer screen–based home 
measurements of the VA and detection of metamor-
phopsia using Amsler grid patterns for patients un-
dergoing anti–vascular endothelial growth factor and 
steroid injections8 and a home monitoring system 
based on hyperacuity measurements for the early 
detection of choroidal neovascularization.9 A hand-
held mobile device for mapping hyperacuity has also 
been tested for usability in an elderly population,4 
in which patients older than 75 years achieved 85% 
compliance.10 In another published study, a smart-
phone-based near VA test employing the Sightbook 
software algorithm used in this study demonstrated 
good correlation with clinical Snellen test (rho = 
0.91) in a screening program of 50 consecutive pa-
tients with diabetes.11 In other work, a smartphone-
based medical game evaluating near VA was evalu-

ated in a heterogeneous group of 120 eyes with varied 
ocular conditions and resulted in 90% of eyes having 
a difference of fewer than nine letters compared with 
Sloan ETDRS chart at 40 cm.12

Broad use of smartphones by patients enables a 
convenient platform for home monitoring of various 
aspects of visual function. The Sightbook app de-
scribed in this study uses touch-enabled responses 
and a cloud-based secure database from which the 
test results can be accessed by treating physicians 
with patient consent, allowing for remote assess-
ment of vision, which can limit in-office contact. 
Verbal responses on Sightbook may prove useful 
as an adjunct in future iterations, especially for pa-
tients with worse VA. Sightbook also lends itself to 
enhanced automated analysis of the changes in vi-
sual functions compared with the infrequent mea-
surements currently used with office visits alone. 
Frequent monitoring of VA at home and easy access 
to the data may allow physicians to optimize the 
treatment regimen for each patient, preventing both 
vision loss due to undertreatment and unnecessary 
office visits. It may also allow physicians to more 
safely assess the need for patients to be seen urgent-
ly for acute or chronic treatment visits. 

Validation of these measurements of visual func-
tions across a range of VAs will be necessary to en-
sure that remote monitoring of eye health does not 
compromise quality of care, but the accuracy and re-
producibility of the system we describe in this study 
provide a reassuring foundation for such tools. The 
importance of at-home digital health tools has be-
come apparent during the COVID-19 pandemic, and 
they have the potential to drive new paradigms of eye 
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care moving forward as patients and physicians reas-
sess the modes by which safe and effective medical 
therapy can be delivered.
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