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Background: Electronic measurement of visual acuity (VA) has been proposed and adopted as a method of determining VA
scores in clinical research. Characters (optotypes) are displayed on a monitor screen and the examinee selects a match and
inputs his choice to another electronic device. Unfortunately, the optotypes, called Sloan letters, in the standard protocol are
10 Roman characters. This limits their practicability for measuring VA of patients who are illiterate to these characters. The
authors introduced a method of displaying the Sloan letters one by one on a notebook and all 10 Sloan letters on a tablet
computer screen. The former is for testing the patients whereas the latter is for them to input their responses by tapping on a
letter that matches the one on the notebook screen.

Objective: To assess test-retest reliability of VA scores determined with this method.

Material and Method: Participants without ocular abnormality were recruited to have their right eyes measured with the
same VA measurement method twice, one week apart. Those who were illiterate to Roman characters were enrolled for the
aforementioned method for measuring their VA (Tablet group). A 15-inch display notebook computer and a 9-inch display
tablet computer (iPad) communicated via a local wireless data network provided by a Wi-Fi router. Those who understood
Roman characters were enrolled to have measurements with a 17-inch desktop computer and an infrared wireless keyboard
(Keyboard group). Both methods used the same protocols and software for VA measurements. Reliability of VA scores
obtained from each group was assessed by the confidence interval (Cl) of the difference of the scores from the test and retest.
The t test was used to analyze differences in mean VA scores between the test and retest in each group with p < 0.05 determined
as statistically significant.

Results: There were 49 and 50 participants in the Tablet and Keyboard group respectively. The 95% CI of the difference
between the scores from the test and retest in each group was 2 letters. Approximately 95% of participants in each group had
an absolute difference of the scores between the test and retest of 7 letters. The mean of VA scores from the first test was
significantly different from that of the second test in the Keyboard group (one-letter difference, p = 0.049); there was no
significant difference between these scores in the Tablet group (0.1-letter difference, p = 0.86).

Conclusion: Tablet computers may be used to assist patients who are illiterate to Roman characters in having their VA
measured with the standard electronic protocol. This preliminary study suggested that the proposed method should be useful
for reliable measuring VA outcome in multicenter international clinical trials without encountering a language barrier.

Keywords: Electronic visual acuity, Computerized visual acuity, ETDRS, Early treatment diabetic retinopathy study visual
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For nearly 150 years, visual acuity (VA) has
been determined by reading characters, called
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optotypes, from a chart. The widely used Snellen VA
chart contains optotypes arranged from the largest to
the smallest size from the top to the bottom line®™;
however, the number of optotypes in each line and the
difference in their size from line to line are not uniform.
Although the Snellen chart has been used ubiquitously
in ophthalmic practice, it may not be reliable enough
for measuring VA for the purposes of ophthalmic
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research®. Amajor clinical study of retinopathy entitled
“The Early Treatment Diabetic Retinopathy Study
(ETDRS)” has proposed and adopted a new VA chart
for use in clinical research®4. This ETDRS VA chart
contains 5 optotypes on each line with a proportional
increment in their size from line to line. These 10 custom-
designed Roman characters with approximately equal
difficulty in recognition called, “Sloan letters”®, are
used as optotypes in the ETDRS chart. This chart has
been widely used as the standard for measuring VA in
major clinical research in ophthalmology®©® .

Measurement of VA using VA charts, although
practical, still has some potential flaws. The testing
protocols of each measurement can vary among
examiners. Due to physical constraints in the size of
the charts, there are restrictions in the size and the
number of the optotypes displayed. Memorization of
the optotypes in repeated measurements can also be
an obstacle to evaluating real VA change over time®,
The use of the Sloan letters, in addition, has limitations
in measuring VA of patients who cannot understand
Roman characters. This can be a problem in
implementing the chart in multicenter international
clinical trials.

To overcome these limitations, electronic VA
measurement has been introduced. In this format,
optotypes are presented randomly one by one on a
computer monitor and examinees may respond to a
displayed optotype by inputting their choice to an
electronic device. The testing and ending protocols of
measurement can be controlled reliably with algorithms
coded into computer software. In 1980, Timberlake et
al®, developed an electronic protocol for measuring
VA using a general-purpose microcomputer as
hardware. In their protocol, illiterate E (the letter E
rotated up, down, left, and right) was displayed on a
TV monitor and a staircase psychophysical testing
procedure was used. Results from each measurement
were reported as the mean and standard deviation of
VA. These researchers created a custom-made
electronic box, with 4 buttons representing each of the
illiterate E forms as their data input device. Since general-
purpose personal computers were not generally
available at the time, electronic VA measurement was
not implemented in ophthalmic practice or research.

Electronic VA measurement was re-introduced
in 2003 by Beck et al®. They modified the standard
ETDRS chart testing protocol in clinical research to
enable it to be used with computer hardware and
software. The hardware included a 17-inch monitor with
1,600 x 1,200 resolution for displaying optotypes, a
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personal computer running a Linux operating system
with software for measuring VA, and a wired palmtop
computer for examinees’ data input. This electronic
testing protocol was proven to be as reliable as the
standard chart testing protocol®**? and has been used
in recent major clinical ophthalmic trials®34),

The Sloan letters were still used as the
optotypes in this standard electronic ETDRS testing
protocol. This limited its practicability for measuring
the VA of patients who did not understand Roman
characters and also limited its suitability for use in
multicenter international clinical research.

In a country where English is not the first
language, the ETDRS chart testing protocol may be
modified to measure VA in clinical trials. In the present
study, The authors printed the 10 Sloan letters on paper
and ask enrolled patients who were illiterate to Roman
characters to point at them to identify them with the
ones on the chart during VA measurement. This was
impractical because two examiners were required: one
to record the examinees’ choices and another to point
at the letters on the chart for testing. This problem may
be solved with electronic measurement: instead of
pointing to optotypes printed on paper, examinees may
tap on optotypes displayed on the screen of a tablet
computer to match them with the ones presented to
them on another computer monitor. Data from tapping
can be recorded and analyzed automatically by software
without requiring any examiners. This modified method
may potentially provide many other benefits of
electronic VA measurement including practicability for
patients who are illiterate to Roman characters.

The authors conducted this preliminary study
to evaluate whether this applied method of electronic
VA measurement could have a potential to be reliably
used with patients who were illiterate to Roman
characters.

Material and Method
Participants

All participants were required to give written
informed consent. Participants who had no ocular
abnormality in either eye and were willing to have two
VA measurements one week apart were enrolled into
two study groups: 1) electronic ETDRS (E-ETDRS) and
2) electronic ETDRS with a tablet computer (E-ETDRS
Tablet). If the participants could read Roman characters,
they were enrolled into the former; if they could not
read the characters, they were enrolled into the latter.
Only the right eye of each participant was included.

The participants were excluded if 1) they could

J Med Assoc Thai Vol. 95 Suppl. 3 2012



not understand or could not perform the procedures
required in the measurement protocol in each study
group, or 2) they did not return to have the second VA
measurement.

Electronic VA measurement protocols in both groups

The measurement of VA in each group was
conducted in the same room with the same fluorescent
illumination for both the first and the second test. All
the participants were also measured with the same
protocol with the same research assistant in both tests.
The VA score of each participant was determined as
the total number of correct letters identified (letter
score). The distance for measurement was three meters,
the standard test distance for the electronic ETDRS
protocol®V .

The software for electronic VA measurement
was written in PHP coding language and required 10
MB of hard drive to install. The algorithm for displaying
optotypes on screen in both of these groups was similar
to the standard electronic ETDRS protocol, containing
a screening and a testing phase. This algorithm is
described elsewhere®. In brief, when the measurement
process was started, the Sloan letters were displayed
one by one on a computer monitor. Participants
responded to the displayed Sloan letter by inputting
their choices to a data input device and a new Sloan
letter with smaller size was then randomly displayed.
This test cycle continued until the ending protocol
was reached.

Hardware in the E-ETDRS group

A 17-inch liquid crystal display computer
monitor (MAG®, MAG Technology, Taipei, Taiwan), a
personal desktop computer running Windows® XP
operating system (Microsoft Corporation, Redmond,
WA, USA) and an infrared wireless computer keyboard
(Logitech®, Logitech Corporation, Fremont, CA, USA)
were used.

The brightness and contrast of the display
monitor was set at 100%; the color depth was set at 32
bits and the screen resolution was set at 1,024 by 768
pixels. The display area, the horizontal and vertical
adjustment of the monitor, was set as the industry
default.

The personal computer had a 1-GHz Intel®
microprocessor (Intel Corporation, Santa Clara, CA,
USA), 500 MB of Random Access Memory (RAM),
and a 128-GB hard drive. The participants in this E-
ETDRS group responded to the displayed Sloan letter
on the monitor by pressing the corresponding button
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of the letter on the keyboard.

Hardware in the E-ETDRS Tablet group

A 15-inch display notebook computer (Acer®
Aspire T 6500, Acer Inc., Taipei, Taiwan) witha 2.1-GHz
Intel Pentium microprocessor, 3 GB of RAM, and a 320-
GB hard drive, a tablet computer (iPad®, Apple Inc.,
Cupertino, CA, USA) with a 1-GHz processor and a 32-
GB flash drive and a wireless router (Linksys®, Cisco
Systems Inc., Seattle, WA, USA) were used. The router
provided a local wireless data network to enable the
notebook and the tablet to communicate.

The notebook computer ran the same
operating system and software for VA measurement
as was used in the E-ETDRS group but had a Web
server application (Apache®, the Apache Software
Foundation, www.apache.org) and database software
(MySQL® Oracle Corporation, Redwood Shore, CA,
USA) installed. The setting of the notebook screen
display was the same as that of the monitor in the E-
ETDRS group.

The participants in this E-ETDRS Tablet group
held the tablet computer, with a default Web page
showing 10 Sloan letters, in their hands when the
measurement process was started (Fig. 3). They
responded to the Sloan letter displayed on the
notebook screen by tapping on the letter on the tablet
which they thought matched it.

Statistical analysis

The test-retest reliability for each study group
was assessed from the confidence interval (Cl) of the
difference between the letter scores obtained from the
first test and the retest, as in a model proposed by
Bland and Altman®.

The t-test was used for analyzing differences
in mean VA letter score between test and retest in each
study group with p < 0.05 determined as statistically
significant.

Results

Atotal of 99 participants who met the inclusion
criteria were enrolled consecutively with approximately
50 participants in each study group. Only a few
participants were excluded because they did not come
to have the second test. The baseline demographic
characteristics of the participants are presented in Table
1. The mean age of the participants in the E-ETDRS
Tablet group was significantly higher than that of the
E-ETDRS group members (p < 0.001).

The mean VA scores of the test and the retest
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of each study group are presented in Table 2. The
participants in the E-ETDRS Tablet group had a mean
score which was significantly lower than that of those
in the E-ETDRS group in both the test and the retest (p
<0.001). There was also a significant difference between
the mean scores of the first test and the retest in the E-
ETDRS group (approximately one letter difference, p =
0.049 respectively) whereas there was no significant

Table 1. Demographic characteristics of participants in each
group

E-ETDRS (n = 50) E-ETDRS
Tablet (n = 49)

Male 14 (28.0%) 13 (26.5%)
Female 36 (72.0%) 36 (73.5%)
Age
Mean (yrs old) 35.4 61.6
Median (yrs old)  36.5 63
Range (yrs old)
10-20 6 (12.0%) 0
21-30 13 (26.0%) 0
31-40 13 (26.0%) 0
41-50 17 (34.0%) 3(6.1%)
51-60 1 (2.0%) 17 (34.7%)
61-70 0 23 (46.9%)
71-80 0 6 (12.2%)
>80 0 0

Values were represented as n (%), E-ETDRS = participants
who were measured with electronic ETDRS protocol, E-
ETDRS Tablet = participants who were measured with
electronic ETDRS protocol using a tablet computer as a data
input instrument

difference between these scores in the E-ETDRS Tablet
group (only 0.1-letter difference, p = 0.86). The 95% CI
of the difference between the scores from the test and
the retest in each group was approximately 2 letters.
Table 3 presents the number of participants
according to the absolute difference between their
scores from the test and the retest in each study group.

Table 3. The number of participants with the absolute
difference of VA scores between test and reteast

Absolute E-ETDRS E-ETDRS
difference n=>50 Tablet n =49
0 15 (30.0) 2(4.1)
1 17 (64.0) 6 (16.3)
2 10 (84) 10 (36.7)
3 2(88.0) 9 (55.1)
4 0(88.0) 9 (73.5)
5 0(88.0) 5(83.7)
6 2(92.0) 3(89.8)
7 2 (96.0) 3(95.9)
8 0 (96.0) 2 (100.0)
9 0 (96.0) 0 (100.0)
10 1(98.0) 0 (100.0)
11 0 (98.0) 0 (100.0)
12 0 (98.0) 0 (100.0)
13 0 (98.0) 0 (100.0)
23 1 (100.0) 0 (100.0)

Values were represented as n (%), E-ETDRS = participants
who were measured with electronic, ETDRS protocol, E-
ETDRS Tablet = participants who were measure measured
with electronic ETDRS protocol using a tablet com puter as
a data input instrument

Table 2. Mean visual acuity (VA) score of each group of participants in test and retest

E-ETDRS(n = 50) E-ETDRS Tablet (n = 49)

Test Retest Test Retest
VA letter scores
Mean + SD 91.0+5.9 92.2+4.7 76.9+4.9 76.9+4.3
Range 68-95 70-95 70-88 66-89
Mean difference of test-retest -1.1 -0.1
p-value 0.049* 0.86
95% Confidence interval (-2.3,-0.006) 2.3 (-1.2,1.05) 2.3

E-ETDRS = participants who were measured with electronic ETDRS protocol

E-ETDRS Tablet = participants who were measured with electronic ETDRS protocol using a tablet computer as a data input
instrument

* significant at p < 0.05
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Approximately 95% of participants in both study
groups had an absolute difference of 7 letters (Fig. 1
and 2).

Discussion

The authors found in the present study that a
tablet computer could be used as a data input device in
the standard electronic ETDRS testing protocol to
reliably measure VA scores of participants who were
illiterate to Roman characters. The test-retest reliability
of the VA scores obtained from these participants was
comparable with that obtained from the participants
who could read Roman characters in the other group.
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Fig. 3

A participant was tapping a Sloan letter on a tablet
computer to match the one displayed on a note-
book computer screen in our applied method of
electronic visual acuity measurement

The CI of the difference, including the absolute
difference, of the scores between test and retest of the
participants in each study group was also comparable
to that obtained from measurements of participants who
had English as their first language®“**? in previous
studies. This assessment of reliability, a 7-letter
difference between test and retest for 95% of the time,
indicated clinical acceptability.

Comparable test-retest reliability was found
in both groups despite the fact that the participants
who used the tablet computer were significantly older,
had lower mean VA and might also have had a lower
level of education. This may be explained by the
capability of the tablet computer to display all choices
of the Sloan letters on the screen at the same time. The
participants were able to compare, differentiate, and
identify the letters without the necessity for reading
them.

For practical reasons, the authors chose to
use a wireless keyboard as an input device- instead of
a wired palmtop computer as in the conventional
protocol- for participants who could read the Sloan
letters. This is the method of electronic VA measurement
that we reported previously®®. Tapping on a screen of
a tablet computer, however, may be more practical for
examinees who are not familiar with electronic
instruments than pressing buttons on a computer
keyboard: those who used the tablet could choose their
responses solely from the 10 choices on the screen
whereas those in the keyboard group had to choose
among many unnecessary buttons. All responses by
tapping on the tablet screen were recorded and
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interpreted correctly by the software installed in the
notebook computer without technical failure.

Displaying the Sloan letters on the tablet in
the present study was practical since a Web browser
was used and no additional application was required.
There is a possibility that this method of electronic
ETDRS VA measurement could be feasibly run from the
internet without software installation in the notebook
computer. The speed of the internet connection,
however, should be sufficient to cope with the constant
exchange of data between the notebook and the internet
Web server, and between the tablet and the internet
Web server, during each measurement. Another study
focusing on this issue might be conducted to test the
feasibility of this method.

Limitations in the present study included
having the two different groups of participants,
although none had any ocular abnormality, using two
different methods. The ideal study design would also
enroll participants who could not read the Sloan letters
into the keyboard group and participants who could
read Roman characters into the tablet group, for
comparison. However, it was not feasible to have
participants who could not read Roman characters input
their responses via a computer keyboard. A larger
sample size is also needed to verify our preliminary
results. In addition, the method in the present study
should also be tested on participants who have ocular
abnormality.

In conclusion, electronic measurement of VA
has been proposed to enhance reliability of VA scores,
especially in clinical research. The standard protocol
of the electronic measurement, however, has adopted
the 10 Roman characters, called Sloan letters, as
optotypes for testing. This creates an impediment for
patients who are illiterate to the characters and limits
applicability of the protocol in clinical research
conducted in countries where English is not the primary
language. The present study has suggested that tablet
computers may be used to assist the patients who are
illiterate to Roman characters in having their VA
measured with the standard electronic protocol. This
proposed method should be useful for reliable
measuring VA outcome in multicenter international
clinical trials without encountering a language barrier.
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