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SUMMARY 

Purpose: The optimal method for scoring visual acuity 
measures is unknown. Our goal was to determine, in a 
clinical setting, the method of scoring visual acuity with 
the lowest test-retest variability. 
Methods: We investigated the effect of three different 
scoring methods using the Early Treatment Diabetic 
Retinopathy Study (ETDRS) visual acuity chart com­
paring 32 patients with macular disease and 38 age­
matched normal subjects. All subjects completed six 
repetitions of ETDRS charts. Three scoring methods 
were then used (line assignment, ETDRS or letter-by­
letter and probit), the results were converted to log 
MAR values and the test-retest variabilities analysed. 
Results: We found significant differences in variability 
among the three scoring methods (p<0.0001). The 
variability was greatest with the line assignment method 
and less with the ETDRS and probit methods. The 
ETDRS and probit methods had similar variabilities. 
The difference in variability between normals and 
patients was not statistically significant. There were no 
differences in the calculated visual acuities among the 
three methods, only the variabilities. Using the ETDRS 
or probit methods, the within-test standard deviation 
was about 0.04 log MAR units (two letters). 
Conclusion: Test-retest variability of visual acuity 
measurements is lower using the ETDRS or probit 
methods than the traditional line assignment method. 

Snellen introduced the visual acuity chart in 1862.1 
Variations of the chart have evolved and various 
optotypes and scoring methods have been pro­
posed?-18 For screening purposes, almost any chart 
that can assess a full range of visual angles is 
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sufficient. Evaluating the progression of a disease 
process or response to treatment, however, requires 
that the test be accurate and precise. The test-retest 
variability of visual acuity measurements comparing 
methods of scoring has had little study. 

Several articles mention that visual acuity 
improves with the second test;5,8 however, these 
studies were not designed to evaluate learning effect 
or variability. Gibson and Sanderson19 invited 
ophthalmology outpatients with lens opacities back 
for a repeat eye examination. Sixty-four of 300 
accepted. Visual acuity examinations were per­
formed twice (once each by a different nurse). 
They found only one-third had the same visual 
acuity on the two occasions, with 13% differing by 
two lines or more. 

Elliot and Sheridan20 had 21 subjects read an Early 
Treatment Diabetic Retinopathy Study (ETDRS) 
chart, three times on two occasions, 1 week apart. No 
significant difference was found between the two 
readings of the best corrected visual acuity. Bailey 
and colleagues3 showed that test-retest variability 
was related to the coarseness of the scoring scale; 
that is the line assignment method had a higher 
variability than the letter-by-Ietter method because 
its scale was coarser. 

Arditi and Cagenell02 measured the test-retest 
variability of a standard acuity chart in highly trained 
normal subjects in a controlled laboratory setting, 
thereby minimising the variability. They also con­
cluded the line assignment method had a higher 
variability than letter-by-Ietter scoring. In addition to 
these two methods, it has been suggested that the 
best way to score visual acuity is by using a pro bit 
analysis that defines visual acuity as the estimate of 
the letter size seen 50% of the time by the probit 
curve fitting function.6,17 

Although the line assignment method has a higher 
variability than the letter-by-Ietter method and the 
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probit method appears to have a low variability, 
these three methods have not been directly com­
pared. Furthermore, the effect of the method of 
scoring on variability in patients with damage to the 
sensory visual system has not been investigated for 
any of these comparisons. Therefore, to compare 
these three methods of visual acuity scoring, we 
tested 32 patients with macular pathology and 38 
age-matched, normal subjects with six repetitions of 
the ETDRS chart. We then scored the test using 
three methods (line assignment, letter-by-Ietter, and 
probit) to determine which method of scoring has the 
lowest variability. 

METHODS 
Subjects 

Thirty-two subjects with ophthalmoscopic evidence 
of macular pathology evaluated in the retina clinic at 
University of Iowa, Department of Ophthalmology 
gave informed consent prior to inclusion in the study. 
The tenets of the 1964 Declaration of Helsinki were 
followed. Sixteen patients (50%) had maculopathy 
due to diabetes mellitus and 10 (31 %) had age­
related macular degeneration or presumed ocular 
histoplasmosis, with or without choroidal neovascu­
larisation. The remaining patients had a variety of 
diagnoses. To be included, subjects had to read the 
top line of the ETDRS chart correctly at 4 m 
(20/200). 

Thirty-eight normal subjects, matched for age 
within 5 years with an equal distribution within an 
age group (see below), were recruited from clinic 
staff and relatives of ophthalmology clinic patients. 
Normals had no history of eye trauma, surgery, 
glaucoma, or any ophthalmic diagnosis other than 
refractive error. In both groups at least 10 subjects 
were studied in each of three 20-year age categories 
(20-39; 40-59; 60-79+). 

Equipment 

Visual acuity was tested using the Lighthouse 
ETDRS charts mounted on a light box, with the 
subject seated 4 m from the chart. Room lighting was 
at office levels (about 50 foot-candles). 

Visual Acuity Testing 

All subjects were refracted using the method of the 
ETDRS study?1 This study used the 'ETDRS' chart, 
which has 14 lines with five letters per line. One eye 
was tested for each subject. Subjects were then asked 
to read either the ETDRS chart 1 or 2. They were 
requested to start at the top left and work down to 
the smallest letters at the bottom right. They were 
instructed to give one reading for each letter, 
guessing if they were not sure. They were encour­
aged to guess even when they reached lines where 
they could not see any of the letters clearly. There 
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was no time limit. They were then asked to read the 
other chart (2 or 1, whichever they had not started 
with) in a similar fashion. Subjects were allowed to 
begin several rows from the top on subsequent charts 
if they easily read the top lines on the first reading, 
but always began reading at least three lines above 
the line where they first missed letters. 

For the third chart reading, subjects were asked to 
read the first chart again, reading by row from right 
to left to decrease the chance of memorisation 
(although this decrease has not been demonstrated). 
The series of three chart readings was then repeated. 
All six readings were done at one sitting. Subject 
motivation was graded on a scale of 1-10, with 10 
being most motivated to do well. This grading was a 
subjective impression based on the subject's effort to 
be correct and attitude towards guessing near the 
limit of their acuity. 

Scoring and Statistics 

Three scoring methods were used and the results 
from each method were converted to the log 
minimum angle of resolution (log MAR) values: 

1. Line assignment method. The Snellen equivalent 
fraction was determined for each chart reading using 
the last line where three out of five letters were read 
correctly. The result was recorded in decimal form 
and then converted to the log MAR value (e.g. 
20/40 = 0.5 = 0.3.) 

2. Letter-by-letter or ETD RS method. This was 
scored by totalling the number of letters on one 
chart that were answered correctly. The transforma­
tion to log MAR units was done using the formula 
(1.1 - 0.2 Tc) where Tc is the total number of letters 
read correctly on the chart. 

3. Probit analysis.6,17 This was used to determine a 
50% frequency of seeing threshold MAR with 
software provided by L. Frisen. The base 10 
logarithm of this value was used to convert the 
values to log MAR units. 

Visual acuity charts all truncate visual acuity (a 
'ceiling effect') at the small visual angle end of the 
chart. Although this affected only a small number of 
our subjects, it was a factor in our probit analysis. We 
did not have a large tail at the small visual angle end 
of the visual acuity measurements to form the S­
shaped cumulative gaussian function. Therefore, for 
these cases we made the assumption that the letters 
on lines corresponding to 20/8 and 20/6 would be 
missed by our subjects. To test this assumption, four 
subjects who could correctly identify at least one 
letter on the 20/10 line at 4 m were asked to read the 
20/10 line from 5.1 m and 6.3 m. None was able to 
identify any of the letters better than that of chance 
guessmg. 

Data were imported into Systat (Systat Intelligent 
Software, Evanston, IL) for further analysis. Differ-
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Fig. 1. Mean visual acuities lIsing the letter-by-letter scaring method plotted by age in narmals and pam/us. One line a/visual 
acuity is equal ta 0.1 log MAR unit. 

ences in variability between the two groups (patients 
and normals) as well as differences within groups 
between the different scoring methods were eval­
uated using an ANOV A on the standard deviations 
of the six repetitions. Group and method were 
modelled as factors and age and motivation as 
covariates. To determine whether there were differ­
ences in the visual acuity values among the groups a 
repeated measures ANOV A was performed on the 
log MAR transformed visual acuity values. Tukey 
post-hoc multiple comparisons were performed if 
significant differences were present. To determine 
the relationship between variability and age, the 
standard deviations of the letter-by-Ietter method 
were linearly regressed against age. Differences 
between groups were considered significant if p<0.05. 

RESULTS 

The visual acuities of the normal subjects ranged 
from 20/10 to 20/20; those of the patients ranged 
from 20/15 to 20/200 (Fig. 1). To be sure the 
difference in methods did not change the visual 
acuities of the groups, a repeated measures ANOV A 

was performed on the log MAR transformed visual 
acuity values. As expected. there were differences 
between the groups (patients with worse visual 
acuities, p<O.OOOl) but there were no differences in 
the visual acuities among the methods. 

The data for each scoring method by group are 
given in Table I and Fig. 2. Note the higher 
variability as shown by the mean of the standard 
deviations with the line assignment scoring method 
compared with the other two methods (p<0.000l; 
Tables II and III. Fig. 2). Post-hoc comparison of the 
probit and letter-by-Ietter methods showed no 
differences between these two methods. There 
were no significant differences between the standard 
deviations of the normals and the patients and there 
was no significant group-method interaction. With 
the letter-by-Ietter scoring method, the mean number 
of letters correct was 59.5 ± 1.7 for normals and 
38.8 ± 1.9 for patients. 

Age was a significant covariate of the retest 
variability (p<O.OOl). Fig. 3 shows the results of the 
linear regression analysis of the standard deviations 
against age for normals and patients for the ETDRS 

Table I. Means and standard deviations for the three methods of scoring the six repeated visual acuity measures 

Group Line assignment ETDRS Probit 

Normals 
Mean -0.111 ::I:: 0.11 -0.091 ::I:: 0.10 0.145 ::I:: 0.10 
Standard deviation 0.049 ::I:: 0.02 0.034 ::I:: 0.Q1 0.035 ::I:: 0.01 

Patients 
Mean 0.302 ::I:: 0.21 0.323 ::I:: 0.21 0.275 ::I:: 0.21 
Standard deviation 0.049::1:: 0.02 0.038 ::I:: 0.01 0.038 ::I:: 0.02 

ETDRS refers to the letter-by-letter scoring method. 
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Fig. 2. Tukey box plot of the average standard deviations for the six repetitions for each scoring method. Each box represents 
the 75th, 50th and 25th percentiles. Error bars show 90th and 10th percentiles, and filled circles the 95th and 5th percentiles. Sn, 
Snellen equivalent; Pro, probit analysis; ETD, ETDRS or lettery-by-letter scoring method; N, normals; Pat, patients. 

scored data (which was representative of the other 
methods). The relationship was: Esd = 0.025 + (0.0002 
x Age), where Esd is the standard deviation using 
the letter-by-letter (ETDRS) scoring method. 

Subject motivation was generally very good. 
Motivation on the 1-10 scale for the normals was 
9.2 ± 0.88; the motivation for the patients was 
8.8 ± 0.93. Motivation was not a statistically signifi­
cant covariate. 

DISCUSSION 

The method by which visual acuity is scored may be 
as important a factor as the test's lighting or 
optotypes used.2,4,6 This study is the first to compare 
three different scoring methods. With regard to 
comparison of two of the methods - letter-by-letter 
with line assignment - our results are similar to 
others: the variability of the line assignment method 
is significantly higher.2,4,6,2o We also found the probit 
method had a similar variability to the letter-by-Ietter 

method. Although the line assignment method is 
easier to score, its variability is considerably higher. 

Frisen and Frisen6 suggested that probit analysis to 
determine a 50% frequency of seeing value would be 
the best way to score visual acuity. Our results 
confirm this is a method with relatively low 
variability. However, it may be less practical in a 
clinical setting than the letter-by-letter method. To 
use 10 or more letters per line, as they suggest, might 
improve the variability of this method. However, the 
added time for more letters and need for software to 
perform the probit least squares fit also limits this 
method for use in a clinical setting. 

Ophthalmologists have always accepted some 
variability with visual acuity testing; it has been 
standard clinical practice to consider a change of at 
least two lines on the Snellen chart as a cutoff value 
for clinically meaningful change in visual acuity? 
Many factors contribute to this high value, including 
differences in charts, their illumination and test 

Table 2. Post-hoc Tukey pairwise comparison probabilities between the methods combining the groups 

Post-hoc comparison 

Line assignment with ETDRS 
Line assignment with probit 
ETDRS with pro bit 

Mean difference in standard deviations 

0.013 
0.012 
0.001 

NS, not significant; ETDRS refers to the letter-by-letter scoring method. 

p value 

<0.0001 
<0.0001 

NS 
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Table III. Repeated measures analysis of variance of the standard deviation scores of the three scoring methods in the two groups 
(patients and normals) 

Source Sum-or-squares dJ. 

Group 0.0004 I 
Method 0.007 2 
Group X method 0.00008 2 
Age 0.004 1 
Motivation 0.0004 1 
Error 0.067 202 

instructions between examiners. Elliot and Sheri­
dan20 found 95% confidence limits for retest 
variability to be 3.5 letters for letter-by-Ietter and 
10.5 letters for line assignment. Bailey and Lovie4 
concluded for a letter-by-Ietter scoring method the 
95% confidence interval was five letters or one line. 
For the line assignment method the 95% confidence 
interval was 10 letters or two rows. However, Arditi 
and Cagenello,2 using five trained observers, con­
cluded 4.5 letters was the 95% confidence limit for 
change using letter-by-Ietter scoring and seven letters 
for the line assignment method. For comparison, if 
we calculate a 95% confidence limit by mUltiplying 
our average standard deviations by 1.96, our results 
are similar at 3.5 letters for letter-by-Ietter but not as 
high as these studies (five letters) for the line 
assignment method. Our values represent the intra­
test variability while other studies include the 
intertest variability. This is likely the reason our 
values are lower. 
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0.0004 1.34 0.248 
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Arditi and Cagenello state 'poor best corrected 
visual acuities are associated with significant visual 
impairment which is widely believed to be associated 
with increased variability in visual acuity measure­
ments'. Although variability is higher in conventional 
automated perimetry in patients with optic nerve 
damage than normals,22,23 this is not true for 
automated perimetry that determines threshold by 
stimuli that vary size instead of luminance?4,25 Since 
visual acuity testing uses a similar method - finding 
threshold by varying size - this may explain why we 
did not find differences in variability in patients 
compared with normals. 

We also found an increased variability with age. 
Although it is well known that visual acuity decreases 
with age,6,26 this is not the explanation for the overall 
variability in our study, since the differences in the 
methods were significant (p<0.006) even when age 
was entered into the model as a covariate. 
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Fig. 3. Average standard deviation of the six repetitions using the ETD RS or letter-by-letter scoring method plotted by age in 
normals and patients. The regression line and its 95% confidence interval are shown. 
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Guessing can also alter the results of visual acuity 
testing. Arditi and Cagenell02 point out that when 
guessing is allowed, the size of the pool of possible 
answers can have a significant effect on the results. 
For the Landolt C, 'tumbling' or illiterate E, or 
HOTV charts the chance of guessing correctly is 
25%. With letter charts, it is 1126 (in theory. but after 
reading several lines subjects may realise there is a 
limited pool of letters) although for the ETDRS 
charts since only 10 letters are used, it is 1110 (if 
subjects realise the pool of letters is only 10). 
Likewise, assuming 1110 leads to error if the subject 
is guessing based on 26 letter options. 

Because subjects often stop when letters are 
difficult to see, yet can sometimes read one or 
more additional lines without errors when encour­
aged, they should be urged to guess in an effort to get 
the best possible visual acuity. We limited inter- and 
intra-examiner variation in motivating subjects to 
guess by using the same examiner for all test subjects 
and attempting to instruct and encourage equally. 
Use of one examiner probably contributes to our low 
variability compared with other studies. 

Guessing probably has different effects on the 
three scoring methods. A one letter difference would 
have little effect on letter-by-Ietter scoring but could 
make the difference in being credited with a whole 
line better visual acuity with line-by-line scoring 
(Snellen). Guessing would probably have an inter­
mediate effect on the probit scoring method. 

The effect of chart memorisation can also affect 
variability. We tried to limit this possibility by 
reading two different but methodologically identical 
charts5 and also by reading one of them backwards. 
This allowed six consecutive chart readings without 
using a chart more than twice. Even so, re-use of 
charts may have contributed to our low variability. 

In conclusion, the test-retest variability of the 
ETDRS chart varies with the method of scoring the 
test and is high for the line assignment method. For 
monitoring a disease process or treatment regimen, 
using the letter-by-Ietter scoring or probit analysis 
will have a lower variability. Using the letter-by­
letter scoring method our results, along with the 
results of others, suggest a change of five letters or 
more on an ETDRS chart is significant. Use of this 
method of scoring rather than line assignment should 
allow earlier detection of change in visual acuity. 

This study was supported in part by a V A Merit Review 
and by a grant from Research to Prevent Blindness, New 
York, NY, USA. The authors thank Bridget Zimmerman, 
PhD, Departments of Preventive Medicine and Statistics 
and Caridad Brito, PhD, Department of Psychology for 
their advice on the statistical analysis. 
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