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Abstract

Aims This study aimed to evaluate a new

chart designed to improve the collection of

visual acuity data in population-based

surveys. The Reduced logMAR E chart

(RLME) employs three letters per line,

‘tumbling E’ optotypes, and conforms to

accepted contemporary design principles.

Methods The performance of the chart was

assessed within a population-based glaucoma

survey in Thailand. Performance indices were

test–retest variability (TRV) and agreement

with acuity data measured using the ETDRS

logMAR chart which acted as the ‘gold

standard’.

Results The 95% confidence limits for TRV of

RLME acuity data were 70.15 logMAR. This

figure is consistent with published data on the

TRV of acuities measured using five-letter-per-

line logMAR charts. The mean difference

between RLME and ETDRS acuity data was

0.00 logMAR (95% confidence intervals of

70.05 logMAR) indicating that RLME acuities

agreed well with those of the ETDRS chart.

The chart and its method of use was readily

accepted by the local ancillary staff who

required only minimal training before acuity

measurement could be delegated to them.

Conclusions The study demonstrated that the

RLME chart is capable of accurate and

repeatable acuity measurements. Certain

aspects of the design of the RLME chart may

be particularly pertinent to the measurement

of vision in population-based surveys.
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Introduction

Printed panel charts featuring optotypes (letters

or other symbols) of varying sizes are a quick

and inexpensive method of assessing the spatial

resolving capacity of the visual system. As such,

they are well suited for use in population-based

surveys where visual acuity is often an

important outcome measure, and where time

and resources may be limited. Many such

surveys are conducted on populations in which

few subjects are familiar with the Roman

alphabet.1–3 The problem can be overcome by

using ‘tumbling’ optotypes (identical optotypes

presented in one of a discrete number of

varying orientations) such as the Tumbling E

and Landolt C, which require only the

orientation of the optotype to be elicited rather

than the name. This has the advantage of

allowing the same chart to be used in numerous

populations, enabling a direct comparison of

results.

A tumbling E logMAR chart for use in ‘field

studies’ has been described by Taylor.4 That

chart features five optotypes per line and a

range of þ 0.5 to �0.5 logMAR. A chart with a

greater range of letter sizes would allow a wider

range of acuities to be measured for a given

distance. Also a reduced number of optotypes

per line may allow a balance between ease of

test administration and test–retest variability

(TRV) which is appropriate for population-

based studies.

This paper describes the evaluation of a new

visual acuity chart, the Reduced logMAR E

(or RLME) chart, designed to optimise visual

acuity data collection in population-based

surveys. The chart utilises those design

principles currently advocated for the

measurement of visual acuity in clinical
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research,5 and employs Tumbling E optotypes. This trial

was designed to assess the level of agreement of RLME

acuity data with those of the ETDRS chart (which acted

as the ‘gold standard’), and the TRV of RLME acuity data.

Materials and methods

The evaluation of the RLME chart was carried out in

conjunction with a population-based glaucoma survey in

Rom Klao, a suburb of Bangkok, Thailand between

December 1999 and February 2000.

Subjects were recruited from those entering the

glaucoma survey. A total of 21 consecutive subjects aged

over 50 and undergoing assessment as part of the

glaucoma survey were requested to undergo additional

visual acuity measurements after an explanation of the

study. The only additional inclusion criterion for

participation in the RLME chart evaluation was

familiarity with the Roman alphabet, such that subjects

could read both the RLME and ETDRS charts.

The designs of the acuity charts are summarised in

Figure 1a and Table 1.

Charts

The RLME chart employed the design principles of the

ETDRS chart4 in terms of logarithmic letter size

progression, interletter spacing and interline spacing.

The RLME chart differed from the ETDRS chart in the

use of Tumbling E optotypes, and in having only three

optotypes per line. In addition, the chart was modified in

an attempt to provide consistency with respect to contour

interaction. Contour interaction (also known as

crowding) is a well-known phenomenon whereby the

legibility of an optotype of a given size depends upon its

proximity to surrounding optotypes.6 The chart was

therefore surrounded by a continuous ‘crowding bar’ to

compensate for the fact that the number of optotypes

crowded from both sides has reduced from three, in the

case of the ETDRS chart, to one in the RLME chart. This

bar was positioned 2.5 stroke widths (half an optotype)

from the edge of the optotypes, as the difficulty of letters

crowded in this way has been shown to equate well to

that of letters in a linear arrangement7. A chart featuring

letters from the Sloan set, but otherwise identical to the

RLME chart, has been evaluated in a previous study.8

Two versions of the RLME chart were used, differing

only in the orientations of the optotypes. ETDRS chart 1

(Lighthouse International) was used for purposes of

comparison of visual acuity results with the RLME chart.

Testing protocol

The visual acuity testing process was first explained to

the subject. Acuity measurements were conducted on

one eye of each subject by a single examiner under

consistent indoor lighting conditions. To limit

psychological sources of variability, a forced choice

paradigm was employed such that subjects were

required to respond whether or not they felt they were

capable of a correct response. Both charts were displayed

in a consistent indoor environment under diffuse

artificial light. Measurements were taken on the right eye

of each subject using an RLME chart followed by the

ETDRS chart followed by the alternate version of the

RLME chart. The chart order was reversed for each

subject to avoid any bias because of learning effects.

Subjects responded to each optotype either by indicating

the direction of the letter E using their hands or by

matching the orientation of the optotype on the chart

with that on a card held by the subject. The method of

indicating the orientation of the ‘E’ optotypes was

Figure 1 The RLME chart (a) and the ETDRS chart (b).
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determined according to which seemed to be easier or

more comprehensible for each subject during the test.

Subjects were tested monocularly wearing their habitual

distance spectacle correction if they possessed one, or

unaided if they did not. The measurement method was

explained by showing the subject several sample E

optotypes, which are then matched for orientation to one

of the four possible E orientations displayed on a card

held by the patient. Following the demonstration,

responses were elicited using either matching or hand

gestures depending on subject preference. Charts were

viewed from a distance of 4 m unless the subject made

any incorrect responses on the top line of a given chart–

indicating an acuity worse than þ 1.00 logMAR (6/60

Snellen). In this event, the subject was moved to 1 m and

the remainder of the testing process was performed at

this distance. The VA testing continued until the subject

incorrectly responded to an entire line of optotypes or, in

the case of any correct responses on the bottom line, all

the optotypes on the chart having been attempted. The

number of correct subject responses was counted by a

single examiner using a hand-held tally counter and

recorded on a specifically designed data proforma,

allowing the acuity scores to be calculated subsequently.

Scoring

An interpolated logMAR acuity score (‘single-letter’

score) was produced for all acuity measurements using

the formula

þ 1:10 � TCLV logMAR

where TC is the total number of correct responses and LV

is the logMAR value of each letter on the chart. The

individual letter values are produced by dividing the

logMAR interval between a given line and the line below

by the number of letters on that line. Hence, LV for the

ETDRS chart will be 0.02 logMAR, whereas for the RLME

chart it will be 0.0333 logMAR.

Method of quantitative analysis

The methods of Bland and Altman9 were used to

determine both the extent to which measurements taken

using the RLME chart agreed with the ‘gold standard’

ETDRS chart, and the TRV of RLME acuity data. The

level of agreement is indicated by the mean difference

between paired measurements taken using the two

charts, and the 95% confidence interval for this mean.

TRV is indicated by the 95% confidence limits for the

differences of paired measurements taken using the

RLME chart only.

Results

A total of 21 subjects were recruited with a median age of

61 (ranging from 52 to 69). The acuities ranged from 0.00

to þ 0.72 logMAR (6/6 to 6/31 Snellen equivalent) with a

median of þ 0.26 logMAR (6/11 Snellen).

The mean difference between paired measurements

taken on the RLME 1 chart and the ETDRS chart was

�0.006 logMAR (95% confidence interval 70.04

logMAR). The differences between paired measurements

were plotted against their mean to assess any effect of

underlying acuity upon the extent of agreement between

RLME and ETDRS data (see Figure 2). This suggests that

the RLME chart produces valid acuity data when

compared with the ETDRS chart.

The difference between test and retest visual acuity,

using the RLM chart only, is illustrated in Figure 3. The

mean difference (or ‘learning effect’) was an

improvement of 0.025 logMAR (95% confidence interval

70.033 logMAR).

Table 1 Summary of the design of each chart

Chart No. of letters
per line

Line interval
in logMAR

Single-letter value
in logMAR

Total no. of letters Acuity range at 4m

ETDRS 5 0.1 0.02 70 +1.00 to �0.30
RLME 3 0.1 0.0333 42 +1.00 to �0.30
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Figure 2 Effect of underlying acuity upon agreement of
between RLME acuities with ETDRS acuities. The bold
horizontal line gives the mean difference (�0.006 logMAR)
between visual acuities measured by each chart, and the broken
horizontal lines give the upper (þ 0.036 logMAR) and lower
(�0.048) 95% confidence limits.
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The 95% confidence limits for TRV were 70.15

logMAR indicating that 95% of repeated RLME acuity

measurements on eyes with stable vision will fall within

70.17 logMAR of one another (this figure is achieved by

rounding up to the next scale increment).

Discussion

Recent years have seen a general consensus develop as to

the preferred design principles of visual acuity charts for

use in clinical research.5 It would seem advantageous for

these principles to be applied uniformly to all situations

in which acuity is measured, providing there are no

inherent disadvantages in doing so.

The results of the present study suggest that a logMAR

Tumbling E chart such as that used here can produce

acuity data that agree well with those produced by the

ETDRS logMAR chart, which acted as gold standard. The

absence of systematic bias resulting from this analysis

was noteworthy as the small number of possible

orientations using a Tumbling E chart might have been

expected to produce better acuities, as a correct guess is

more likely. The level of TRV achieved with the RLME

chart (95% confidence limits of 70.15 logMAR) is

consistent with previous studies, which measured the

TRV of five-letter-per-row logMAR charts which range

from 70.09 to 70.20.10–15

The number of optotypes per line on the E chart

was limited to three to improve the ease of

administration. Although this study did not assess test

time, a previous study8 found that a letter chart featuring

an identical design to the RLME chart allowed

measurements to be taken in half the time of the five-

letter-per-row ETDRS chart. We would anticipate the

time saving with the E chart to be of a similar magnitude,

which would be very desirable for population-based

surveys. Unpublished data on a separate group of 28

subjects gave a median test duration using the RLME

chart of 86 s.

The advantages of applying standardised design

principles to visual acuity charts have been well

described16,17 and are summarised in Table 2.

There may, however, be particular advantages in

employing such an approach in the case of population-

based surveys:

(a) The geometric nature of optotype size

progression allows the measurement of a wide

range of acuities by altering the distance from

which the subject views the chart.

(b) In being regarded as interval data, the acuity

data produced by these charts are amenable

to parametric statistical analyses, which are not

applicable to Snellen acuity data.

(c) In addition to the increased sensitivity to change

allowed by single letter scoring,12 single letter

scoring carried out with a teller counter can offer

other advantages if acuity cutoffs are employed

in the study. For example, for WHO Category 1

visual impairment,18 the subject must have an

acuity less than 6/18, but equal or better than

6/60 Snellen (0.48r1.0 logMAR). This equates to the

ability to name at least three optotypes on the

RLME chart correctly at 4 m, but fewer than

19. Using a Snellen chart, a subject achieving,

for example, 6/24 but having made numerous

mistakes on preceding lines cannot be differentiated

from one who has made no mistakes up to that

point.

(d) The logMAR acuity data can be readily converted

into Snellen acuity notation for those unfamiliar

with logMAR notation.
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Figure 3 Effect of underlying visual acuity on test and retest
visual acuity using the RLME chart only. The dashed lines
indicate the mean difference and bold lines the upper and lower
95% confidence limits. The bold horizontal line gives the mean
difference between test and retest (þ 0.025 logMAR), and the
broken horizontal lines the upper (þ 0.058 logMAR) and lower
(�0.007) 95% confidence limits.

Table 2 The advantages of logMAR charts

Design feature Advantage

1. Equal number of optotypes per line Allow the use of single-letter scoring which reduces test–retest variability
2. Equal logarithmic interval between lines
3. Equal average legibility for each line Ensure that letter size is the sole determinant of difficulty on a given line
4. Consistent spacing between letters and lines
5. Geometric progression of letter sizes Allow testing distance to be varied
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(e) The approach of counting correct responses with a

teller counter is relatively easy to explain thereby

simplifying delegation of the measurement to

ancillary staff.
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