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ABSTRACT: Background. A new visual acuity chart was designed for use with Australia’s indigenous population to
overcome perceived inadequacies of conventional English letter charts for this group. This chart, which incorporates
a black and white turtle icon, is described, and validation data are presented. Methods. The chart is based on logarithm
of the minimum angle of resolution (logMAR) principles and incorporates a turtle symbol modified from the design of
an indigenous artist. The task is one of discrimination, with subjects being required to distinguish the split tail of the
turtle from its head, which has the same overall shape and average luminance; the body of the turtle provides no
directional cues which might assist in this judgment. The chart was validated in two ways: Experiment I. Performance
was compared with the Bailey-Lovie and Konig bar charts in terms of unaided visual acuity data for 90 subjects (mean
age: 38.3 = 20.3 years) and Experiment Il. Data were obtained for 10 young subjects for these 3 charts and an Illiterate
E chart, with refractive blur imposed with trial lenses over habitual distance corrections (spherical: +0.50, +1.00,
+2.00, and +4.00 D; cylindrical: +1.00 and +2.00 D, axes 45, 90, and 180°). To avoid cultural and literacy issues as
possible sources of differences in performance between the charts in this validation study, subjects were selected from
the wider Australian population rather than specifically from its indigenous segment. Results. Experiment 1: The Turtle
chart performed most like the Konig Bar chart for this component of the validation exercise. Nonetheless, results for
the Turtle chart correlated highly with those for the Bailey-Lovie chart as well as the Konig Bar chart, although there
were subtle differences between charts in the rate of decline of visual acuity as visual performance decreased.
Experiment II: The turtle chart behaved most like the llliterate E chart with imposed spherical focusing errors, with the
Bailey-Lovie chart showing a faster decline and the Konig Bar chart showing a slower decline in performance, with
increasing defocus. All 4 charts showed similar directional biases with astigmatic defocus, being most affected by
oblique (45°) astigmatism. Conclusion. The Turtle chart met the criteria set for its validation as a visual acuity chart in
that it gave comparable results to the other commonly used visual acuity charts, both in the case of unaided vision and
when refractive blur was imposed. (Optom Vis Sci 1998;75:806-812)
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letter charts and is one of the most commonly used indices

of visual status in clinical practice. However, for those
patients for whom English is not their first language, and also those
with poor literacy skills, inability to read and appropriately inter-
pret English letters presents a problem for fully evaluating their
visual status. Fear of not being able to perform adequately on
reading tasks may even deter such patients from seeking eye exam-
inations.

Visual acuity is conventionally measured with high contrast

To cater to the needs of different racial groups and of young
children, a number of different visual acuity charts are now avail-
able. For example, charts incorporating Arabic,’ Chinese,? and
Indian (Hindu and Gujarati dialects®) optotypes have been devel-
oped. For young children, a variety of alternatives are also available,
ranging from grating targets for use in preferential looking para-
digms to cards and charts incorporating purportedly familiar ob-
jects, which the children must either name or identify in a match-
ing task.% >
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The indigenous population of Australia consists of Aboriginal
and Torres Strait Islander (A&TSI) people. The ocular status of
this population is significantly poorer than that of the wider Aus-
tralian population,® and it has been reported that inadequate access
to eye care services and limited awareness of eye health issues are
contributing factors.” For this population, both young and old, the
use of English letter charts may elicit feelings of alienation and
anxiety which arise from dealing with unfamiliar objects and situ-
ations, and many do not have English as their first language. Like-
wise, in the case of available symbol charts, the choice of symbols
imposes cultural restrictions that tend to exclude A&TSI children.
‘We propose that a better and a more comprehensive service to the
Australian indigenous population could be provided if a visual
acuity chart was available which could be understood and related to
culturally, by all members of this population. Accordingly, the
principal aim of the study reported here was to develop a visual
acuity chart incorporating symbols that are familiar and appealing
across all ages of this population. The ultimate goal of the project
was to allow visual acuity to be measured on all A&TSI patients
while not compromising the accuracy of measurements made and,
thus, the standard of care provided. In validating the chart de-
scribed herein, subjects were selected from the wider Australian
community rather than specifically from Australia’s indigenous
population; this avoided the confounding influences of differences
in literacy levels and cultural background. A full evaluation of the
Turtle chart for subjects of Australian indigenous descent was un-
dertaken separately and will be reported in a future publication.

METHODS
Chart design

The main targets for the visual acuity chart described in this
paper are A&TSI children who generally have lower literacy and
numeracy skills compared to other Australian children.® However,
the needs of that sector of the adult A& TSI population who are not
at ease with reading conventional letter charts were also considered.
In the interest of measurement accuracy, it was decided that a
discrimination task rather than a simple recognition task should be
incorporated. Other alternatives that have been used in designing
acuity tests for children® '° were considered and rejected in reach-
ing this decision.

The symbol selected for the chart was a turtle, which was chosen
from a range of traditional icons designed by an artist of Torres
Strait Islander descent (Douglas Watkin). This choice was made
on the basis that the turtle was the simplest symbol to develop into
a discrimination task without losing its cultural identity. Also,
because the turtle is culturally symbolic for a number of other
indigenous populations including American Indians, an acuity
chart based on this symbol potentially had broader (international)
appeal.

The final design for the Turtle chart is shown in Fig. 1. At the
outset, it must be acknowledged that the retention of the identity
of the symbol was considered paramount and, thus, the design
rules used in the scaling of letters for acuity charts were not strictly
followed. The turtle has an appropriately scaled gap in its tail that
subjects are required to distinguish from its head, which is sym-
metrically placed at the other end of the body and has the same

overall shape, size, and average luminance as the tail. The overall
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FIGURE 1.

Turtle chart; inset shows scaled representation of the turtle icon used in
the turtle chart. Note the filler pattern of the head which, although
different from the split tail design, is indistinguishable from it in terms of
average luminance.

width of the tail is approximately three times the width of the gap,
making it somewhat similar to the scaling encountered in Konig
bar targets. The body of the turtle has no directional cues that
could contribute to head-tail discrimination: it is symmetrically
oval in shape, with four legs extending laterally from symmetrical
positions, and contains a filler pattern, in keeping with cultural
influences.

The chart was constructed according to logarithm of the mini-
mum angle of resolution (logMAR) principles for the measure-
ment of distance visual acuity.!! Each line on the chart contains
five black-on-white turtles; a computer-generated random number
table was used to determine the orientation of each one from a
choice of the four cardinal directions. The spacing between each
symbol on each line is equal to that of the longest dimension of the
turtle, and the spacing between two successive lines of turdes is
equal to the size of the turtles on the lower line. A paper model of
the turtle was generated as a directional aid for young children,
with the instruction that it be held in the same direction as the
relevant turtle on the chart. This model, which was subsequently
replaced by a black and white felt replica, may also be used to
highlight differences between the head and tail for older subjects
before testing.

The Turtle chart was validated against other conventional visual
acuity charts in two experiments, as outlined below. Because the
shape of the body of the turtle and the attached legs provide some
directional cues, the acuity task is reduced to a choice between two
directions, corresponding with the location of the head relative to
the tail. In all cases, the acuity threshold was set as the point where
no correct head-tail discrimination was made for a given line even
though the orientation of the body, i.e., vertical or horizontal, may
have been correctly identified. All subjects were encouraged but
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not forced to guess when uncertain, testing being terminated only
when no correct responses were recorded for the relevant line of the
chart. Resules were recorded on a symbol by symbol basis, in log-
MAR units, according to standard guidelines.'!

Experiment |

In this study, the performance of the turtle chart was compared
with that of two other high contrast visual acuity charts, the Bailey-
Lovie chart and a custom-made Konig bar chart, which was also
based on the logMAR design. Of the two charts, the Konig bar
chart is most like the Turtle chart in terms of the task involved.
Both of these charts involve a two-alternative forced choice task,
the Konig bar chart requiring a choice between vertical and hori-
zontal orientations, whereas for the Turtle chart, the suprathresh-
old directional cues to body orientation provided by its elongated
shape and attached legs reduces the task to a choice between either
up and down or left and right, according to the location of the tail.
However, one important difference between these two charts
which may result in differences in performance is that the Konig
bar target is more susceptible to aliasing in the presence of defocus,
resulting in spurious resolution and thus better than expected per-
formance.'2-14 This is a consequence of the Konig bar target being
closely analogous to a square wave grating; in contrast, defocus
renders the head of the turtle more like the tail in appearance, thus
increasing the difficulty of the task. The Bailey-Lovie chart was
included as the “gold standard” for visual acuity measurement and
represents the most complex of the tasks presented here.

Unaided vision data were collected for 90 subjects who were
recruited either from the general public or from the patient base of
the Queensland University of Technology’s Optometry Clinic.
Subjects of indigenous Australian background were not specifically
included for either of the experiments in this validation study to
avoid literacy and cultural issues as potentially confounding vari-
ables. Thus, the subjects used may be considered representative of
the wider Australian community. All subjects were free of ocular
pathology and any systemic pathology that might affect their ocu-
lar health. The profile of this subject group is summarized in Table
1. In brief, the subjects ranged in age from 6 to 84 years, with the
majority belonging to the young to middle-age category; only 10
subjects were less than 16 years of age, and an additional 14 sub-
jects were 65 years or older. The mean age of the group was 38.3
years (SD: 20.3 years). Their refractive errors, expressed as equiv-
alent spherical errors, ranged from moderate hyperopia to moder-
ate myopia (+3.13 to —6.13 D). Twenty-three subjects had astig-
matism equal to or greater than 0.75 D, with the range extending
to 4.50 D. With-the-rule and against-the-rule astigmatism were

TABLE 1.
Age and refractive profiles of the 90 participants in Exper-
iment I.

Parameter Median Mean = SD
Age (yr) 345 38.3 + 20.3
Refractive error (best sphere; D) 0 —0.55 * 2.13
Astigmatism (D) 0.25 0.55 *2.13

equally represented and constituted the majority (86%) of the
astigmatic errors seen. '

All measurements were made under normal room illumination
(540 lux), and for all of the charts, an initial testing distance of
4.8 m was used. Only right eyes were measured. For the children
under 10 years of age, individual optotypes were pointed to by a
second examiner to minimize localization errors associated with
loss of attention during the testing procedure; the children were
also encouraged to use the turtle replica to indicate their response
and so minimize errors associated with directional misnaming.

Experiment Il

A second validation study addressed the issue of the relative
sensitivity to imposed refractive blur of the Turtle chart compared
with other acuity charts. For this study, the Turtle chart was com-
pared with the same two charts used in the first experiment, and an
Illiterate E chart based on logMAR design was included as a third
chart. One might expect a more similar performance between the
Turte and illiterate E charts than between the Turte and Konig
bar charts; because of its more complex design, the illiterate E is
likely to be resistant to aliasing effects with defocus, like the turtle
icon.

Ten young subjects (mean age: 25 years, SD: 7.5 years) partic-
ipated in the experiment. Distance visual acuity was measured for
right eyes, both with habitual distance corrections and in the pres-
ence of additional defocusing lenses: +0.50, +1.00, +2.00, and
+4.00 D spherical lenses and +1.00 and +2.00 D cylindrical
lenses set to axes of 45, 90, and 180° were used. A total of 10
different ametropic conditions were tested in this way. The order
of testing, i.e., of lenses and charts, was determined using a com-
puter-generated random number table, so that no two subjects had
the same presentation order. This helped to minimize practice
effects. During testing, subjects were required to read from right to
left instead of left to right on some of the trials as another way of
minimizing such effects.

Analyses

In Experiment I, differences in performance between the three
charts were examined in three different ways: by analysis of vari-
ance (ANOVA), by linear regression analysis of paired data, and by
a technique described by Bland and Altman'” for comparison of
paired data. In the latter case, paired differences are plotted against
their average and used to construct confidence intervals. The main
strength of this method is its ability to detect measurement bias, as
might occur with one chart relative to another.

ANOVAs were also used to analyze data from Experiment I to
determine differences between charts in relation to the effects of
imposed spherical errors and astigmatic errors (power and axis
effects). The magnitudes of the astigmatic errors were represented
as vectors in these analyses (see Raasch!® for specific details of the
method). In support of this approach, 2 model based on this vector
representation has been shown to predict visual acuity changes
with imposed blur.!$
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RESULTS
Experiment |

The group mean data for each of the charts are given in Table 2.
On average, the scores for the Turtle chart were poorer than those
recorded for either the Konig bar or Bailey-Lovie charts, although
the differences in performance were not large. For example, the
largest mean difference, which was between the Turtle and Bailey-
Lovie charts, was only 0.06 logMAR units, equivalent to three
letters/symbols. Also, none of these interchart differences were
statistically significant (one-way ANOVA: F, ,,, = 0.399, p =
0.67).

The visual acuity results for all subjects are plotted for the Turtle
chart compared with both the Bailey-Lovie and Konig Bar charts
in Fig. 2. In comparative terms, as visual acuity decreases there is a
slightly slower decline in acuity performance with the Turde chart
compared to the Bailey-Lovie chart and a slightly faster decline
relative to the Konig bar chart. Linear regression analysis of these
data (see Table 3) indicate the results for the Turtle chart to be
highly correlated with those of both the Bailey-Lovie and Konig
bar charts, although the Turtle chart appears to be more similar, in
absolute terms, to the Konig bar chart than to the Bailey-Lovie
chart. Thus, for the Turde chart-Konig bar chart comparison, the
slope and intercept of the derived line of best fit are very close to
unity (1.087) and zero (—0.006), respectively. For the Turtle and
Bailey-Lovie chart comparison, the intercept of the fitted regres-
sion line is 0.084 and its slope is 0.917, reflecting the generally
better performance of subjects with high acuity on the Bailey-Lovie
chart compared to the Turtle chart.

Differences in performance with the Turtle chart compared
with the Bailey-Lovie and Konig bar charts were further ana-
lyzed using the method of Bland and Altman.'” Fig. 3 shows
these data. Overall, both the Bailey-Lovie and Konig bar charts
recorded slightly better visual acuity than the Turtle chart: the
mean difference between the Turtle and the Konig bar charts
was 0.03 logMAR, whereas the mean difference between the
Turtle and Bailey-Lovie charts was 0.05 logMAR. Furthermore,
the confidence limits constructed around these differences were
wider for the Turtle vs. Bailey-Lovie chart comparison (upper:
+0.40 logMAR; lower: —0.30 logMAR) than for the Turtle-
Konig bar chart comparison (upper: +0.29 logMAR; lower:
—0.23 logMAR). These data indicate that the level of agree-
ment between the Turtle and Konig Bar charts is higher than
that between the Turtle and Bailey-Lovie charts, as also implied
by the results of the regression analyses.

TABLE 2.
Group data for 90 subjects tested using the Bailey-Lovie,
Konig bar, and Turtle charts.?

Bailey-Lovie Chart  Konig bar Chart  Turtle Chart
Mean 0.36 0.39 0.42
SD +0.42 +0.37 +0.43

@ Differences between charts not significant; one-way ANOVA,
F3 267 = 0.399, p = 0.67.
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FIGURE 2.

Unaided visual acuity data obtained with the Turtle chart are plotted
against equivalent data for the Bailey-Lovie chart (A} and Konig bar chart
(B). Regression lines (solid) and equations are also shown; the dotted lines
represent a 1:1 relationship.

TABLE 3.

Results of linear regression analyses, comparing perfor-
mance with the Turtle chart against the Bailey-Lovie and
Konig bar charts (N = 90).

Reference Regression Correlation  Statistical
Chart Equation Coefficient  Significance
Bailey-Lovie y = 0.084 + 0.917x 0.910 F = 423.5;
p < 0.0001

Konig bar y = —0.006 + 1.087x 0.953 F = 865.6;
p < 0.0001

Experiment 1l

This experiment compared the effect of imposed refractive blur
on visual acuity measured with the Turtle, Konig bar, Illiterate E,
and Bailey-Lovie charts.

The group mean data for each level of imposed spherical refrac-
tive blur are shown in Fig. 4 for the four charts. The curves fitted to
these data clearly demonstrate two points: (1) that the functions
relating visual acuity to defocus are nonlinear in all four cases and
(2) that the rate of change in visual acuity with refractive defocus
varies between the charts. Performance with the Bailey-Lovie chart
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FIGURE 3.

Differences between unaided vision scores for individual subjects ob-
tained with the Turtle chart and Bailey-Lovie chart (A), and Konig bar chart
(B) are plotted against the appropriate averages of these data according to
the method of Bland and Altman’3; derived confidence intervals are also
shown (dotted lines).

showed the most rapid drop-off with increasing defocus, being
initially highest and finally lowest. The Konig bar chart exhibited
the slowest rate of change in performance. Lying between these two
limits, the curves for the Turtle and the Illiterate E charts are
approximately superimposed for defocus levels of 1 D or more.
These results were further analyzed by a ‘two-way repeated mea-
sures ANOVA, with the degree of spherical refractive blur and
chart type as independent variables. The amount of blur but not
chart type significantly affected visual acuity (blur: Fy § = 6.01,
p < 0.0001; chart: F5 g = 2.64, p = 0.07) and there was signifi-
cant interaction between them (F;; ;, = 6.4, p < 0.0001), indi-
cating that the effect of the imposed defocus varied with the chart
used.

Two-way repeated measures ANOVAs were also used to com-
pare charts with respect to the effects of imposed astigmatism. In
one analysis, the two lens powers together with the three different
axis settings used were considered as six separate conditions, the chart
type being treated as an independent variable. The effect of astigmatic
defocus but not chart was statistically significant (Fs g = 45.76, p <
0.0001; F5 g = 1.41, p = 0.27, respectively). There was no significant
interaction between these two variables (p = 0.11).

The possibility of the cylindrical power and axis setting having
interacting effects was explored separately for each of the four
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FIGURE 4.

Mean visual acuities are plotted against spherical defocus for the Bailey-
Lovie, llliterate E, Turtle, and Konig bar charts; standard error bars are also
shown. The fitted curves were derived by extrapolation. Note that the
curves for the Turtle and illiterate E charts are approximately superim-
posed for higher levels of defocus.

TABLE 4.

Results (F-values) of one-way repeated measures ANOVAs
carried out on the data sets relating to individual charts and
astigmatic defocus (N = 10).

Chart Cylindrical ~ Cylindrical  Interaction between
Type Power (D) Axis (°) Power and Axis
Turtle 38.672 8.062 0.066
Konig bar 56.112 8.867 1.47
llliterate E 99.382 8.66% 1.12
Bailey-Lovie 57.082 11.122 0.62

2 All highly significant, p < 0.001.

charts. The data from these analyses are summarized in Table 4. All
charts showed highly significant effects of both lens power and axis
setting on performance, although there was no significant interac-
tion between these two parameters. In relation to the effects of axis
setting, differences between the 45° and 90° settings and the 45°
and 180° settings were statistically significant, with the 45° setting
resulting in the poorest acuity in all cases (p < 0.02; Fisher’s PLSD
test). None of the 90° vs. 180° axis setting comparisons were sig-
nificant (p > 0.07). These trends are shown in Fig. 5.

DISCUSSION

In general terms, the Turte chart was well accepted by the
participants, although anecdotal remarks suggested that this chart
was more difficult than either the Bailey-Lovi€ or Konig Bar charts.
As noted earlier, subjects of A&TSI descent were not included in
this validation study because of the inherent problems associated
with using conventional letter charts with this group. Results from
a subsequent study involving A&TSI subjects will be reported
separately.

We used two approaches to validate the Turtle chart; one was to
measure unaided vision on a large subject pool (N = 90) and the
other was to measure visual acuity in the presence of different levels
of spherical and astigmatic defocus for a smaller group of subjects
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