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Purpose: To validate the Rosenbaum near vision card (Near Chart) and a smartphone-based 
visual acuity (VA) test (Eye Chart) against a standard retro-illuminated Early Treatment 
Diabetic Retinopathy Study (ETDRS) chart within participants.
Materials and Methods: A cross-sectional study of participants aged ≥18 years was 
conducted. VA was measured in all participants using the ETDRS chart, Near Chart and 
smartphone-based Eye Chart application, respectively. VA was converted to logarithm of the 
minimum angle of resolution (logMAR) for statistical analysis. Eyes with ETDRS VA worse 
than 1.0 logMAR (20/200) were excluded. The main outcome measures were levels of 
agreement between VA measured using the Near Chart or Eye Chart application vs the 
ETDRS chart.
Results: A total of 295 eyes of 151 participants were included. One hundred participants 
(66.2%) were female and the mean age was 64.3 ± 12.5 years. Educational level was high 
school or below for 49% of participants and at Bachelor’s degree or above for 51%. The 
median logMAR VAs of all eyes tested using the ETDRS chart, Near Chart and Eye Chart 
application were 0.1, 0.0 and 0.1, respectively. The median VA difference between the Near 
Chart vs ETDRS chart and Eye Chart application vs ETDRS chart was 0.0 logMAR in both 
cases for both the right eye (OD) and left eye (OS). Intraclass correlation coefficient (ICC) 
demonstrated a strong positive correlation between VA tested with the Near Chart vs ETDRS 
chart (OD: ICC=0.85; p<0.001, OS: ICC=0.77; p<0.001) and Eye Chart application vs 
ETDRS chart (OD: ICC=0.88; p<0.001, OS: ICC=0.74; p<0.001).
Conclusion: VA measurements with the Near Chart and smartphone-based Eye Chart 
application corresponded well to the standard ETDRS chart, suggesting potential utility of 
alternative portable VA tests for in-office or remote vision monitoring, particularly during 
periods of physical distancing such as the Coronavirus disease 2019 (COVID-19) era.
Keywords: visual acuity, ETDRS chart, Rosenbaum near vision card, smartphone-based Eye 
Chart application, COVID-19

Introduction
Visual impairment is a major global public health problem. According to the latest 
data from the World Health Organization, about one billion people globally have a 
visual impairment that could have been prevented or has yet to be addressed.1 

Worldwide, most people with visual impairment live in low-middle income coun-
tries with limited healthcare accessibility and availability. Blindness and moderate 
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to severe visual impairment have a wide range of negative 
socio-economic implications related to employment status, 
care-taking requirements, independence, quality of life, 
educational opportunities,2 and the risk of accidents3 and 
death.4–6

Visual acuity measurement is the most important 
method to evaluate overall visual function and is the 
most commonly performed procedure in ophthalmic clin-
ical practice. Visual acuity testing is essential in helping 
clinicians to assess the severity of visual impairment, to 
determine whether further investigations are required, to 
decide on the urgency of treatment and to quantify visual 
changes over time.7

The current gold standard of visual acuity measure-
ment in clinical practice and clinical research is the 
retro-illuminated logarithm of the minimum angle of reso-
lution (logMAR) chart that was used in the Early 
Treatment Diabetic Retinopathy Study (ETDRS) 

(Figure 1). Each line of the chart contains five optotypes 
and the optotype size is changed on each line by a constant 
proportion. Visual acuity testing with the ETDRS chart 
generally requires a 4-meter distance and its use may be 
limited by its relatively high cost, large chart size, poor 
availability and applicability.8–11 Consequently, other 
methods of visual acuity measurement are still necessary 
in general ophthalmic offices (eg Snellen chart and 
Rosenbaum near vision card).

Smartphone applications play important roles in cur-
rent daily life. The utility of mobile applications is rapidly 
expanding in various medical specialties. The Eye Chart 
(Eye Chart; version 2.3) is a free application for the Apple 
iOS in smartphone and tablet versions. This application 
assesses visual acuity using Snellen and tumbling E charts 
(Figure 2), making it applicable for use in patients unable 
to identify letters. However, the Eye Chart has not been 
standardized for visual acuity measurement. In 

Figure 1 Early Treatment Diabetic Retinopathy Study (ETDRS) chart.
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consequence, a validation study is essential to assess the 
reliability of this smartphone-based visual acuity assess-
ment tool by comparison with the standard ETDRS chart.

The Rosenbaum near vision card (Near Chart) 
(Figure 3) and Eye Chart may be useful in remote 
monitoring for homebound patients, those with high- 
risk chronic ocular diseases (such as age-related macu-
lar degeneration), or with potentially recurrent disease, 
and could substantially minimize costs to society asso-
ciated with frequent clinic visits, lost patients’ or 
family members’ work hours, and transportation 
expenses.12 In addition, remote patient monitoring is 
an important consideration in the Coronavirus disease 
2019 (COVID-19) era in terms of physical distancing 
policy.

The main purpose of this study is to validate Near 
Chart and smartphone-based Eye Chart application visual 
acuity test against the standard retro-illuminated ETDRS 
chart in the same participants on the same visit.

Materials and Methods
Ethical Approval
This study protocol followed the tenets of the 
Declaration of Helsinki and was approved by the 
Institutional Review Board of the Faculty of Medicine 
Ramathibodi Hospital, Mahidol University, Bangkok. 
All participants provided informed consent prior to 
inclusion in the study and their privacy was protected 
throughout the analysis. The purposes of the study and 
examination process were clearly explained to the 

Figure 2 Eye Chart application: (A) Snellen chart display; (B) tumbling E display.
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participants. The Eye Chart application was authorized 
by the program developer for use in this study.

Participants
This cross-sectional study was conducted in the outpatient 
clinic, Ramathibodi Hospital, Bangkok from September to 
November 2020. Patients aged 18 years and above who 
needed visual acuity measurement were invited to 

participate. Demographic data including age, gender and 
educational level were collected.

Visual Acuity Measurement
Prior to visual acuity measurement, all participants under-
went manifest and subjective refraction tests to measure 
refractive error. The participants then underwent monocu-
lar visual acuity measurement using the ETDRS chart, 
Rosenbaum near vision chart (Near Chart) and smart-
phone-based Eye Chart application, respectively.

Participants were asked to follow the instructions given 
by the single examiner (author NT) before proceeding with 
the tests. To achieve the best-corrected visual acuity, all 
participants were corrected for presbyopia if necessary, 
and held the Near Chart at a constant viewing distance 
of 14 inches. For the Eye Chart application (a viewing 
distance of 4 feet) and the ETDRS chart (a viewing dis-
tance of 4 meters), participants wore their distance refrac-
tive error correction, if any. Viewing distances were 
measured prior to each examination, and were monitored 
during each test. All visual acuity tests were conducted 
monocularly with the fellow eye occluded, in the same 
room and lighting conditions by the single examiner 
(author NT). All participants were encouraged in all tests 
to read the smallest optotypes possible and to make their 
best guess when the task became difficult.

The Eye Chart application was developed as a smart-
phone-based service and uses Snellen and tumbling E dis-
plays. It was installed on an iPhone X (iOS 14.2). During 
the test, the device was set at eye-level and the screen 
brightness was set to maximum. The examiner asked the 
participants to read the letters (English alphabet) from the 
first line to the smallest letter they could read. In illiterate 
participants, the tumbling E was used and participants 
were asked to indicate the orientation of the branches of 
the letter E (top, bottom, right, left). For the Near Chart, 
participants were encouraged to read the optotypes in the 
same manner as the Eye Chart application.

ETDRS visual acuity was measured as the line on 
which the participant was able to identify more than half 
of the optotypes, and fewer than half on the next line 
(smaller optotypes). Due to the unequal number of opto-
types on each line of the Near Chart and Eye Chart 
application, the visual acuity score was recorded as the 
line on which at least half of the optotypes were correctly 
identified. Visual acuity measured on these charts was 
converted to logMAR units for statistical analysis.

Figure 3 Rosenbaum near vision card (Near Chart).
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A flow diagram depicting the procedure followed in 
this study is shown in Figure 4. The main outcome mea-
sures were levels of agreement between visual acuities 
measured using the Near Chart or smartphone-based Eye 
Chart application versus the standard ETDRS chart.

Sample Size and Statistical Analysis
A sample size of at least 100 participants was based on a 
thorough review of current relevant literature.

Averages are reported as mean ± standard deviation 
(SD) for normally distributed variables or median with 
interquartile range (IQR) for non-normally distributed 
variables. Correlation plots and Bland–Altman scatterplots 
were used to show the relationships between visual acuity 
data sets. A jitter technique was used to ensure all data 
points were visible. For Bland–Altman scatterplots, the 
mean ± 2SD of visual acuity difference between two of 
the methods being compared was used to represent the 
limits of agreement. The intraclass correlation coefficient 
was used as a test of significance of the relationship 
between acuity data sets. Statistical significance was 
defined as p<0.05 and 95% confidence intervals (CI) 
were calculated to assess the difference between the 
means or medians (continuous and interval variables).

Results
Demographic and Refractive Data
A total of 302 eyes of 151 participants were included in 
this study, but seven eyes (2.3%) with visual acuity worse 
than 1.0 logMAR (20/200) on the ETDRS chart were 
excluded from analysis (n=295 eyes). The mean age was 
64.3 ± 12.5 years (range, 18–85 years) and 66.2% of 
participants were female. The educational level of partici-
pants was high school or below for 49% and bachelor’s 
degree level or above for 51%. Demographic and refrac-
tive data including lens status and median spherical 
equivalent refractive errors reported at distance and near 
are detailed in Table 1.

Near Chart vs ETDRS Chart
The median visual acuities measured using the ETDRS 
and the Near Chart were 0.1 logMAR (IQR 0.0, 0.18 
logMAR) and 0.0 logMAR (IQR 0.0, 0.1 logMAR) 
respectively. The median difference between these acuities 
was 0.0 logMAR (IQR −0.1, 0.0 logMAR), and was iden-
tical in the right (OD) and left eye (OS) (Table 2). The 
intraclass correlation coefficient (ICC) showed a strong 
positive correlation between these acuity measures in 
each eye (OD: ICC=0.85; p<0.001, OS: ICC=0.77; 

Figure 4 A flow diagram depicting the procedure followed in this study.
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p<0.001). The correlation plots and Bland–Altman differ-
ence plots for these comparisons are shown in Figure 5.

Eye Chart Application vs ETDRS Chart
The median visual acuity measured using the Eye Chart 
application was identical to that of the ETDRS (see above) 
with a median difference of 0.0 logMAR for the right eye 
(OD) (IQR 0.0, 0.0 logMAR) and left eye (OS) (IQR −0.1, 
0.0 logMAR) (Table 3). Consistent with this, a strong 
positive correlation was found between these acuities in 
each eye (OD: ICC=0.88; p<0.001, OS: ICC=0.74; 

p<0.001). The correlation plots and Bland–Altman differ-
ence plots for these comparisons are shown in Figure 6.

The above results demonstrate good agreement 
between the standard ETDRS chart and both the Near 
Chart and the Eye Chart application.

Eye Chart Application vs Near Chart
We also compared visual acuities measured using the Eye 
Chart application and the Near Chart. The median visual 
acuities measured using these charts are shown above. The 
median visual acuity difference between them was 0.0 

Table 1 Demographic and Refractive Data

Demographic Data Variables

Age (years)
• Mean (SD) 64.3 (12.5)

Gender, n (%)
• Male 51 (33.8)

• Female 100 (66.2)

Educational level, n (%)

• Below primary school 29 (19.2)
• Primary school 16 (10.6)

• High school 29 (19.2)

• Bachelor’s degree 55 (36.4)
• Above bachelor’s degree 22 (14.6)

Refractive data OD OS

Refractive error (diopters)

• Median SE at distance (IQR) −0.2 (−1.5, +0.8) −0.1 (−1.6, +0.8)
• Median SE at near (IQR) +2.2 (+1.0, +3.2) +2.4 (+0.9, +3.5)

Lens status, n of eyes (%)
• Clear lens 9 (6.0) 9 (6.0)

• Cataract 91 (60.2) 102 (67.5)

• Pseudophakia 50 (33.1) 40 (26.5)
• Aphakia 1 (0.7) 0 (0.0)

Abbreviations: SD, standard deviation; n, number; OD, oculus dexter (right eye); OS, oculus sinister (left eye); SE, spherical equivalent; IQR, interquartile range.

Table 2 Visual Acuity Comparison Between Near Chart and ETDRS Chart

Visual Acuity Measurement Total Eyes (n=295) OD (n=146) OS (n=149)

Near Chart

• Median (IQR), logMAR 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.0 (0.0, 0.2)

ETDRS chart

• Median (IQR), logMAR 0.1 (0.0, 0.18) 0.1 (0.0, 0.2) 0.1 (0.0, 0.2)

VA difference

• Median (IQR), logMAR 0.0 (−0.1, 0.0) 0.0 (−0.1, 0.0) 0.0 (−0.1, 0.0)

Abbreviations: n, number; IQR, interquartile range; ETDRS, Early Treatment Diabetic Retinopathy Study; OD, oculus dexter (right eye); OS, oculus sinister (left eye); 
logMAR, logarithm of the minimum angle of resolution; VA, visual acuity.
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logMAR (IQR 0.0, 0.1 logMAR) for both the right (OD) 
and left eye (OS) (Table 4). A strong positive correlation 
was found between these acuities in each eye (OD: 
ICC=0.79; p<0.001, OS: ICC=0.74; p<0.001). The corre-
lation plots and Bland–Altman difference plots for these 
comparisons are shown in Figure 7.

A summary of intraclass correlation analysis of each 
pair-wise visual acuity measurement comparison is pro-
vided in Table 5. No adverse events from performing any 
of visual acuity tests were reported in this study.

Discussion
This study demonstrates that visual acuities measured 
using the Near Chart and Eye Chart application are in 
good agreement and are consistent with those measured 
using the standard retro-illuminated ETDRS chart.

Medical use of mobile technology has expanded 
rapidly with the global availability of smart device tech-
nology. It is important that these technologies are validated 
to encourage their use by health care providers and 
patients’ acceptance of them, especially in underdeveloped 

Figure 5 Comparison between logMAR visual acuity with Near Chart vs ETDRS chart. (A) Correlation between logMAR visual acuity in logMAR measured using the Near 
Chart and ETDRS chart for the right (OD) and left eye (OS). The black solid lines show linear regression. (B) A Bland–Altman plot demonstrating the differences in logMAR 
visual acuity scores between the Near Chart and ETDRS chart acuities for the right (OD) and left eye (OS). The x-axis displays the average logMAR acuity of the two 
methods being compared. The y-axis displays the difference in logMAR acuity between the two methods. Values above zero on the y-axis represent higher logMAR values 
(lower acuity) for the Near Chart than the ETDRS chart. The red solid line represents the mean visual acuity difference between the methods (−0.05 logMAR). The red 
dashed lines represent the limits of agreement (±2 SD of the mean visual acuity difference; SD=0.09 logMAR).  
Abbreviation: ICC, intraclass correlation coefficient.

Table 3 Visual Acuity Comparison Between Eye Chart Application and ETDRS Chart

Visual Acuity Measurement Total Eyes (n=295) OD (n=146) OS (n=149)

Eye Chart application

• Median (IQR), logMAR 0.1 (0.0, 0.18) 0.1 (0.0, 0.2) 0.1 (0.0, 0.2)

ETDRS chart

• Median (IQR), logMAR 0.1 (0.0, 0.18) 0.1 (0.0, 0.2) 0.1 (0.0, 0.2)

VA difference

• Median (IQR), logMAR 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (−0.1, 0.0)

Abbreviations: n, number; IQR, interquartile range; ETDRS, Early Treatment Diabetic Retinopathy Study; OD, oculus dexter (right eye); OS, oculus sinister (left eye); 
logMAR, logarithm of the minimum angle of resolution; VA, visual acuity.
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areas with limited eye care personnel and resources. The 
Near Chart and Eye Chart application are portable and 
reliable visual acuity assessment tools for remote patient 
monitoring, and offer potential benefits for use during 
periods in which physical distancing is required.

The Rosenbaum near vision card (Near Chart) is a por-
table visual acuity test, and is commonly used for near vision 
evaluation. To date, evidence on the comparison between 
distance and near visual acuities among ophthalmic diseases 
and even in the same disease is inconclusive. For example, 

better visual acuity at near than at distance with a significant 
mean difference of 1.38 lines (p< 0.001) has been found in 
cataract but no such disparity was found in age-related 
macular degeneration.13 Likewise, in amblyopic eyes, some 
studies14,15 have reported poorer visual acuity at near than at 
distance, but other studies are in disagreement with this.16,17

The present study concurs with previous research 
showing a similar level of agreement between a near 
visual acuity measurement (using the Runge near card) 
and the ETDRS chart.18

Figure 6 Comparison between logMAR visual acuity with Eye Chart application vs ETDRS chart. (A) Correlation between the visual acuity in logMAR measured using the 
Eye Chart application and ETDRS chart for the right (OD) and left eye (OS). The black solid lines show linear regression. (B) A Bland–Altman plot demonstrating the 
differences in logMAR visual acuity scores between the Eye Chart application and ETDRS chart for the right (OD) and left eye (OS). The x-axis displays the average logMAR 
acuity of the two methods being compared. The y-axis displays the difference in logMAR acuity between the two methods. Values above zero on the y-axis represent higher 
logMAR values (lower acuity) for the Eye Chart application than the ETDRS chart. The red solid line represents the mean of visual acuity difference between the methods 
(−0.01 logMAR). The red dashed lines represent the limits of agreement (±2 SD of the mean visual acuity difference; SD=0.10 logMAR).  
Abbreviation: ICC, intraclass correlation coefficient.

Table 4 Visual Acuity Comparison Between Eye Chart Application and Near Chart

Visual Acuity Measurement Total Eyes (n=295) OD (n=146) OS (n=149)

Eye Chart application

• Median (IQR), logMAR 0.1 (0.0, 0.18) 0.0 (0.0, 0.0) 0.0 (−0.1, 0.0)

Near Chart

• Median (IQR), logMAR 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.0 (0.0, 0.2)

VA difference

• Median (IQR), logMAR 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.0 (0.0, 0.1)

Abbreviations: n, number; IQR, interquartile range; OD, oculus dexter (right eye); OS, oculus sinister (left eye); logMAR, logarithm of the minimum angle of resolution; 
VA, visual acuity.
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The smartphone-based visual acuity test may be of 
potential benefit in remote or self-administered visual 
acuity testing. This technology has a significant impact 
on practice in terms of remote health monitoring, which 
may reduce patient stress, increase patient empowerment, 
and reduce overall costs, with potentially fewer visits to 
the clinic. In the field of ophthalmology, remote monitor-
ing between clinic visits could detect progression of high- 
risk chronic disease before irreversible damage occurs.19,20

It has been reported that smartphone-based and 
Rosenbaum near vision card visual acuities differ signifi-
cantly from Snellen acuities.12 However, some studies19–21 

have found good agreement between the smartphone- 
based application and the standard visual acuity measure-
ment, in agreement with our results.

A clinician interested in using the Near Chart or Eye 
Chart application used here to replace the standard ETDRS 
chart should be aware of several practical considerations. 

Figure 7 Comparison between logMAR visual acuity with Eye Chart application vs Near Chart. (A) Correlation between visual acuity in logMAR measured with the Eye 
Chart application and Near Chart for the right (OD) and left eye (OS). The black solid lines show linear regression. (B) A Bland–Altman plot demonstrating the differences 
in logMAR visual acuity scores between the Eye Chart application and Near Chart for the right (OD) and left eye (OS). The x-axis displays the average logMAR acuity of the 
two methods being compared. The y-axis displays the difference in logMAR acuity between the two methods compared. Values above zero on the y-axis represent higher 
logMAR values (lower acuity) for the Eye Chart application than the Near Chart. The red solid line represents the mean visual acuity difference between the two methods 
(0.04 logMAR). The red dashed lines represent the limits of agreement (±2 SD of the mean visual acuity difference; SD=0.10 logMAR).  
Abbreviation: ICC, intraclass correlation coefficient.

Table 5 A Summary of Intraclass Correlation Coefficient Analysis of Each Pair-Wise Visual Acuity Measurement Comparison

Pair-Wise Comparison Eyes (n) Intraclass Correlation Coefficient (95% CI) p-value

Near Chart vs ETDRS chart OD 146 0.85 (0.75–0.91) <0.001

Near Chart vs ETDRS chart OS 149 0.77 (0.63–0.85) <0.001

Eye Chart app. vs ETDRS chart OD 146 0.88 (0.84–0.91) <0.001

Eye Chart app. vs ETDRS chart OS 149 0.74 (0.68–0.80) <0.001

Eye Chart app. vs Near Chart OD 146 0.79 (0.70–0.85) <0.001

Eye Chart app. vs Near Chart OS 149 0.74 (0.66–0.80) <0.001

Abbreviations: n, number; CI, confidence interval; ETDRS, Early Treatment Diabetic Retinopathy Study; OD, oculus dexter (right eye); OS, oculus sinister (left eye).
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In our study, while the acuities all showed good agree-
ment, tests were conducted by a single trained examiner 
with well-controlled testing distance, illumination, and 
current refractive error correction. Conditions may be 
more variable in telemedicine or patients’ self-monitoring 
applications. Thus, it may be necessary to have assistant 
while performing the Near Chart or Eye Chart application 
in some populations especially in the elderly to increase 
the accuracy of the measurement.

To our knowledge, no studies comparing visual acuities 
measured using the Eye Chart application to those mea-
sured using the standard ETDRS chart have been pub-
lished to date. Our results indicate that visual acuities 
measured using the Near Chart or Eye Chart application 
are substantially accurate visual acuity measurements and 
that these tests may be used for in-office and remote vision 
monitoring, such as during the COVID-19 era with physi-
cal distancing requirements.

Our study had some limitations. First, eyes with visual 
acuity worse than 1.0 logMAR (20/200) measured using 
the ETDRS chart were not included in the statistical ana-
lysis. Second, the only smart device used in this study was 
iPhone X. Future research using Eye Chart application in 
other smart devices is needed to validate our results.

Conclusions
Visual acuity measurements with the Rosenbaum near vision 
card (Near Chart) and smartphone-based Eye Chart applica-
tion corresponded well to standard ETDRS acuities, suggest-
ing applications for in-office and remote vision monitoring. 
This validation of portable methods may have utility during 
the COVID-19 era with physical distancing policies.
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