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Abstract

Objective : To evaluate visual acuity scores from the Thai and the standard logarithmic
visual acuity chart.

Design : Comparative non-randomized clinical study.

Participants and Method : 153 subjects, calculated from sample size estimation, without
any ocular disease and aged between 18 and 80 years old who could read English and at least 3 out
of 5 letters of the largest line of both charts were enrolled to use only their right eyes to read the
Thai and the standard logarithmic visual acuity chart without any refractive correction. 27 subjects
came back for second measurements of visual acuity in the same manner as the first a week later.

Main Outcome Measurement : The visual acuity scores were divided into the Snellen or
the whole line score and the ETDRS or the letter-by-letter score. The former was compared by
weighted Kappa and the latter was compared by the paired r-test.

Results : There was high agreement in weighted Kappa between the Snellen scores from
the Thai and standard chart (k = 0.7375). There was also high agreement in weighted Kappa be-
tween the Snellen scores from the first and second reading of the Thai chart (k = 0.7304) and the
standard chart (k = 0.7282). A high correlation was observed between the ETDRS scores from the
Thai and standard charts (r = 0.947). Also there was a high correlation between the ETDRS scores
of the first and second reading of both the Thai chart (r = 0.962) and the standard chart (r = 0.952).
There was a significant difference between the ETDRS scores from the Thai and standard chart
(p<0.0001). There was no significant difference between the ETDRS scores from the first and second
reading of either the Thai chart (p=0.794) or the standard chart (p=0.62).
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Conclusion : The Snellen visual acuity score from the Thai chart is comparable to the
standard chart. Although the ETDRS score from the Thai chart is different statistically from the stan-
dard chart, its test-retest variability tends to be low. This suggests the possibility of using the Thai
chart for monitoring of the ETDRS score in research studies.
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Visual acuity is the single most important
indicator of visual function. The tool for measuring
visual acuity is a visual acuity chart. A widely used
visual acuity chart is Snellen’s chart, which was
originally invented in 1862(1),

There are several limitations in the Snellen
visual acuity chart. The increment of size of opto-
types in each line and the line above is not in pro-
portion. The numbers of optotypes in each line of
the chart are different. The 7 levels of scoring are
considered too coarse. In 1976, a new visual acuity
chart was constructed to overcome such limitations
(2). The increment of size of optotypes from each
line to the line above in this new chart is in pro-
portion on a logarithmic scale, which was recom-
mended for adoption as a standard for visual acuity
measurements(3). The numbers of optotypes in each
line are equal. There are 5 optotypes each. These
optotypes are arranged so that each line has appro-
ximately the same difficulty score(4). The chart has
14 levels of scoring and it has been called the
logarithmic visual acuity chart. Such a chart is used
for outcome measurements in standard research in
ophthalmology(4), especially in extensive studies such
as the "Early Treatment Diabetic Retinopathy Study"
(5) and the "Macular Photocoagulation Study"(6).

Unfortunately, this standard logarithmic
visual acuity chart uses 10 English letters, originaily
proposed by Sloan in 1953 and called "Sloan Letter"
(7), as the optotypes. So the visual acuity chart
cannot be used universally, especially in countries

such as Thailand where English is used only as a
second language. Thailand has its own language and
alphabet. The objective of this study was to evaluate
whether the logarithmic visual acuity chart with Thai
letters as optotypes, constructed and designed pro-
perly in the same principle as the standard chart, can
be used for measuring visual acuity.

MATERIAL AND METHOD
Subjects and study design

Subjects without any ocular disease aged
between 18 and 80 years old were included in the
study. Subjects with refractive errors were also
included. All subjects used only their right eyes read-
ing both the Thai and standard logarithmic visual
acuity charts without any refractive correction. Sub-
jects who could not read English or could read fewer
than 3 out of 5 of the largest letters in either chart
were excluded from the study. A number of subjects
came back to have second readings with the same
method and situation as the first readings a week
later.

The subjects were divided into 2 approxi-
mately equal groups: the "Thai" group, the group
of subjects who read the Thai chart first, and the
"English" group, the group of subjects who read the
standard chart first.

For prevention of bias, a coordinator who
did not know the meaning of visual acuity and the
purpose of the study was arranged to conduct all the
readings by the subjects. During the test, all subjects
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were placed 4 meters from the chart and started read-
ing the letters from the top line of the visual acuity
charts. If they were not sure what a letter was, they
were allowed to guess. If subjects read all the letters
in a line incorrectly, the test was stopped. The
coordinator would remove the chart from the stan-
dard illuminated light box(8.9) and replace it with
another chart. If the first chart was the standard
chart, the second chart would be the Thai chart and
vice versa. All readings from each subject were
recorded on data sheets and then interpreted as visual
acuity scores.

The visual acuity score in this study was
categorized into two types: the Snellen score and
the ETDRS score. The former was defined by the
smallest "line" from which subjects could read at
least 3 out of 5 optotypes correctly, the latter was
defined by counting every "letter" the subject read
correctly and processing them using the formula: 1.1-
(Tc x 0.02) when Tc was the number of letters read
correctly from the whole chart and each letter had
a score of 0.02(4),
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The Thai chart design

The design for the Thai logarithmic visual
acuity chart has the same principle as the standard
chart except for Thai letters as the optotypes. (Fig.
1) The size of the chart, the size of all optotypes,
the number of optotypes in each line, the space be-
tween optotypes, the space between the edge of the
chart to the outermost optotypes, the space between
line and the number of lines were the same.

The Thai alphabet design

There are 44 letters in the Thai alphabet,
which can be classified into several groups by their
characteristics(10). However, there are 11 letters that
can fit into a square. Theyarennanasw o a2 b
10 letters from this group were chosen as the opto-
types on the Thai chart, the letter n was left out
because its character is too similar to the letter n

The authors designed each of the 10 Thai
letters using the same principle as Sloan letters. The
stripe of each is one-fifth of the letter size. Each
part of each Thai letter such as its head, its vertical,

Fig. 1.

The Thai logarithmic visual acuity chart.
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horizontal, oblique and circular line can be fitted
into a small unit of the 5 x 5 grid covering the whole
letter. (Fig. 2)

Furthermore, the authors also studied the
difficulty scores of the 10 Thai letters and arranged
them so that each line in the chart had approximately
the same difficulty score.

Sample size calculation

Although both Snellen and ETDRS scores
were studied, the authors focused on the latter as
the main outcome measurement. From the pilot
study(lo), it was found that the standard deviation
of the paired difference between the ETDRS scores
from the standard and Thai charts was 0.085. The
authors allowed the difference between the score
from both charts in this study to be the smallest
countable score, which was 0.02 or one letter of
the ETDRS score. The power of the statistical test
was set at 80 per cent. The sample size, calculated
by using the paired t-test, was approximately 150
samples.

RESULTS

There were 153 subjects enrolled in this
study. The average age of the subjects was 32 years
old. There were 62 males and 91 females. There
were 78 subjects in the "English" group and 75 sub-
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Fig. 2.
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jects in the "Thai" group. There were 27 subjects
whose visual acuity scores could be compared be-
tween the first and second reading one week later.

The Snellen score

Since the Snellen score from the logarithmic
visual acuity chart has 14 individual scales or 14
nominal numbers, the authors chose weighted Kappa
as a statistical test to analyze the agreement between
the scores from both charts. As in Table 1, a high
agreement was found between the Snellen scores
from ‘both charts in all groups of subjects. The
weighted Kappa in overall subjects (n = 153) was
0.7375, in the "Thai" group (n = 75) was 0.7432 and
in the "English" group (n = 78) was 0.7285. Even in
a group of subjects who had the second reading (n =
27), a high agreement of weighted Kappa was still
found between the first and second reading. They
were 0.7282 and 0.7304 in scores from the standard
and Thai charts respectively. (Table 1)

The ETDRS score

Very high correlations were found, which
were statistically significant, when compared with the
ETDRS scores from both charts in all groups of sub-
jects. The paired correlation between the scores from
both charts overall was 0.947, in the "Thai" group
it was 0.955 and the "English" group it was 0.941.

s.mgw |

The design of Thai letters used in the chart.
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Table 1. The weighted Kappa of the Snellen visual acuity score.
The agreement between Subgroup Number of subjects Weighted 95% CI
Kappa score Lower Upper
The standard and Thai chart Overall 153 0.7375 -0.2570 1.7319
"Thai" 75 0.7432 -0.6555 2.1419
"English” 78 0.7285 -0.6204 20712
The first and second reading Standard chart 27 0.7282 -0.9595 2.4158
Thai chart 27 0.7304 -1.0248 2.4855
Table 2. Paired correlations of the ETDRS score.
The correlation between Subgroup Number of subjects Correlation P-value
The standard and Thai chart Overall 153 0.947 0.000
"Thai" 75 0.955 0.000
“English” 78 0.941 0.000
The first and second reading Standard chart 27 0.952 0.000
Thai chart 27 0.962 0.000
Table 3. Mean EDTRS scores of all subgroups.
Group Score Number of subjects Mean + SD
All Subjects Standard chart 153 0.1027 £ 0.2574
Thai chart 153 0.1304 £ 0.2576
"Thai" first reading Standard chart 75 0.0995 + 0.2659
Thai chart 75 0.1307 + 0.2547
"English" first reading Standard chart 78 0.1059 + 0.2507
Thai chart 78 0.1301 + 0.2620
Subjects for repeatability First reading 27 0.1793 £ 03119
of the score, Thai chart Second reading 27 0.1748 + 0.3191
Subjects for repeatability First reading 27 0.1800 + 0.3138
of the score, English chart Second reading 27 0.1422 + 0.3239

(Table 2) Very high correlations were also found,
which were statistically significant in a group of sub-
jects who had the second reading. The paired correla-
tions were 0.952 and 0.962 in the standard and Thai
charts respectively. (Table 2)

The mean ETDRS score of all subjects from
the standard chart was 0.1027 and from the Thai
chart it was 0.1304. (Table 3) The difference be-
tween these mean scores was statistically significant,
p<0.0001. (Table 4) In the "Thai" group, the mean
score from the standard chart was 0.0995 and that
from the Thai chart was 0.1307. (Table 3) The dif-
ference between these mean scores was also statis-
tically significant, p=0.001. (Table 4) But in the
"English" group, the mean score from the standard
chart was 0.1059 and that from the Thai chart was

0.1301. (Table 3) The difference between these mean
scores was not statistically significant, p=0.18. (Table
4) In subjects who had second readings, the mean
score from the standard chart of the first reading was
0.1800 and that of the second reading was 0.1422.
(Table 3) The difference between these mean scores
was not statistically significant, p=0.062. (Table 4)
The mean score from the Thai chart of the first read-
ing was 0.1793 and that of the second reading was
0.1748. (Table 3) The difference between these mean
scores was also not statistically significant, p=0.794.
(Table 4)

DISCUSSION
Although the National Academy of Sciences-
National Research Council Committee on vision of
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Table 4. The paired ¢-test of the EDTRS score.
The paired t-test between Subgroup Paired Differences t P-value
Mean SD 95%CI
Lower Upper

The standard and Thai chart Overall -0.0276 00837  -0.041 00142 -4079**  0.000
"Thai" -0.0312 0.079 -0.049 -0.013 -3.42% 0.001
"English" -0.0242 0.0884 -0.0441 -0.0042 -2.413 0.18

The first and second reading Standard chart 0.0378 0.1007 -0.0776 0.0020 -1.950 0.062
Thai chart 0.0044 0.0876 -0.0391 0.0030 -0.264 0.794

* Significant at p-value <0.01
** Significant at p-value <0.001

the United States recommended using the Landolt
ring as the standard optotype for visual acuity mea-
surement(11), it is more practical to use Sloan letters
(11) and the standard logarithmic visual acuity chart
uses them as the optotype(2:4). There are a few
studies using letters of other languages as the opto-
type(12-15), The characters of Thai letters are much
different from English but the results from this study
suggest the possibility of using them as the optotype
in a visual acuity chart. Appropriate Thai letters can
be selected and designed in the same principle as the
design of the Sloan letters, if the size of the specific
Thai letters and their stripes are equal to those of
the Sloan letters used in the standard logarithmic
visual acuity chart line by line. The Thai letters in
each line should subtend the same visual angle as the
Sloan letters in the subjects’ eyes(16),

The authors also calculated the difficulty
scores of the 10 Thai letters and used such scores to
arrange the letters so that each line had approximately
the same difficulty score. Such scores in the Thai
chart had 1.24 standard deviation and 4.10 range,
while the scores in the standard chart had 1.40 stan-
dard deviation and 4.7 range(4).

The increment of size of Thai letters in
adjacent lines had a value of 0.1 log units of the
ETDRS visual acuity score. This means the size of
the letters in any line will be 1.26 times the size of
letters in the lower line(17). Of all features involved
in the visual acuity chart design, the amount of size
change attributed to letters in each line was one of
the most important factors for obtaining the lowest
test-retest variability of visual acuity scores(18),

In the Snellen score of this study, the high
agreement between the standard and Thai charts was
sustained no matter whether subjects read the stan-
dard or Thai chart first and the high agreement was
also sustained between the first and second measure-

ments of the Snellen score from both standard and
Thai charts. This may be explained by the method
of Snellen scoring. It is not required to count all
the correct or incorrect readings to each optotype
because the Snellen score is defined by the correct-
ness of reading the whole line. So it is considered
"coarse"(19-21), However, the 14 levels of the
Snellen score in a logarithmic visual acuity chart
are twice as many as the 7 levels of a Snellen visual
acuity chart. Therefore, if the Snellen score is used
in clinical practice, the score from a logarithmic chart
will give more detail. Furthermore, if the results
from this study are applied, the Snellen score from
the Thai logarithmic visual acuity chart should give
a similar value as the standard logarithmic chart.
However, this traditional Snellen score has a higher
test-retest variability than the ETDRS score(19). It
is recommended to use the ETDRS score in research
studies(4.22),

Although the ETDRS scores from both
charts correlated very well in all groups of subjects,
the mean ETDRS scores between both charts were
significantly different in the "Thai" group, but not
in the "English" group. The Thai letters were some-
how harder to identify than English. In reading the
first chart, which the subjects were not familiar
with, the difficulty of optotypes may have played a
major role in determining visual acuity scores. In
reading the second chart, the subjects were already
familiar with the chart format so they tended to get
better scores(4), The subjects in the "Thai" group had
to face the letters that were more difficult to recog-
nize in an unfamiliar chart format first.

However, the amount of difference between
the mean ETDRS scores was small. In the overall
group, the difference was 0.028, which was roughly
1.4 letters of the ETDRS score. In the "Thai" group,
the amount was 0.031, which was also roughly 1.55
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letters. In the "English" group, the amount was 0.024,
which was roughly 1.2 letters. It was also noted that
ETDRS scores obtained from the Thai chart were
higher than the standard chart in all groups of sub-
jects. This also suggests that Thai letters are harder
to recognize than English.

In terms of the test-retest variability of the
ETDRS score, although the sample was not enough,
some trends could still be recognized. The second
mean ETDRS score obtained from the same chart
one week later had a lower figure. This means sub-
jects can read letters in both charts better in second
readings, which is the same finding as other studies
regarding test-retest reliability of visual acuity scores
(4). The difference of the mean ETDRS scores be-
tween the first and second reading from the standard
chart was 0.038 or roughly 1.9 letters, the paired
differences standard deviation being 0.1 or roughly
S letters (1 line). The difference between the mean
ETDRS score of the first and second reading from the
Thai chart was 0.04 or 2 letters, the paired different
standard deviation being 0.87 or roughly 4.3 letters.
These standard deviations between the two charts
were not much different but they were slightly higher
than other studies(2,18-21,23) The standard devia-
tions in those studies were about 2-3 letters. This may
be explained by the variety of subjects in this study.
The authors also included subjects whose Snellen
visual acuity scores were not 20/20 while others
included only subjects whose scores were 20/20.
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Furthermore, this study focused on subjects
between 18-80 years of age without any ocular
disease. All subjects were tested without any refrac-
tive correction so that the authors could compare
visual acuity scores between both charts in a variety
of conditions. However, a further study that includes
subjects with ocular disease with more subjects for
study of test-retest variability of visual acuity score
would be useful.

While the Snellen score from the Thai loga-
rithmic visual acuity chart is in high agreement with
the standard chart, the ETDRS score is different.
Such a score may be different from the standard chart
in terms of statistical analysis but the difference is
small and the test-retest variability of the score from
the Thai chart tends to be low. This suggests that the
ETDRS score from the Thai chart for monitoring the
ETDRS visual acuity score in the same subject in
research studies can be used.
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