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Abstract

This study was aimed to investigate the effects of contrast ratios, colour elements, and polarities on visual acuity measurements. The
visual acuities of 18 subjects were measured using 6 different modifications of the Landolt C chart in a 4-metre LogMAR design: (M1)
black-on-white [contrast ratio: 0.8]; (M2) white-on-black [contrast ratio: 0.8]; (M3) black-on-white [contrast ratio: 0.5]; (M4) yellow-on-
green [contrast ratio: 0.8]; (M5) yellow-on-green [contrast ratio: 0.5]; and (M6) black-on-yellow [contrast ratio: 0.8]. Comparative analy-
sis was performed to examine the effects of the three aforementioned parameters on visual acuity measurements. The visual acuities were
found to be significantly different between the contrast ratios of 0.5 and 0.8, regardless of whether colour elements were present (black-
on-white) or otherwise (yellow-on-green) [Friedman test: 32 (3) = 24.24, p < 0.05]. Interestingly, the LogMAR score was found to be
significantly different between the yellow-on-green and black-on-yellow chart designs when the contrast ratio remained constant at 0.8
[Wilcoxon signed-rank test: z = 2.950, p < 0.05]. However, the effect of contrast polarity (positive/ negative) on visual acuity was not
significant when the contrast ratio was fixed at 0.8 [Wilcoxon signed-rank test: z = 0.318, p > 0.05]. A lower contrast ratio and mid-
range wavelength colour reduced visual acuity. The effect of contrast polarity without colour elements on visual acuity was negligible.
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1. Introduction

Visual acuity is used to assess visual functions, especially in clini-
cal settings [1]. Over the past centuries, visual acuity has been
studied, measured and analysed because it represents a fundamen-
tal limit in human visual system to see. It measures the resolving
capacity of human visual system. Consequently, it has widely
been used in a criterion to determine whether the person meet
occupational vision standards. In addition, visual acuity has also
become as an indicator of stability of pathological conditions [2].
Visual acuity is classified into four broad groups; visual detection,
visual recognition, visual discrimination and visual resolution.
These visual acuity classifications are representing different limits
and may be determined by different aspects of the visual path-
ways. In visual detection, it represents the minimum visible acuity
that one can detect [1]. It is determined by the difference between
brightness of an object against its background. Visual detection
measures threshold size of a spot required to detect its presence
against its background. Hence, generally it is a very gross state of
measuring the visual acuity. The ability to recognize or identify
smallest angular size is measured in visual recognition [3]. Nor-
mally, in clinical setting, this is achieved by utilizing optotypes or
shapes. In this method, the visual recognition is measured through
a progressively smaller optotypes. The visual discrimination is
measured by the ability to discriminate changes in the angular size
of the minimal change in the attribute [1]. This involves changes
in the physical features of the object such as size, orientation and
positions. Minimum discriminable ability is also known as the
hyperacuity or vernier acuity. The fourth group of visual function

is the visual resolution. Visual resolution represents the ability to
perceive a minimum resolvable or minimum separable of an ob-
ject [4]. It is a spatial discrimination of visual threshold. In this
study design, the visual resolution was employed in the measures
of visual function system. There are numerous factors that can
influence the ability of visual system to resolve a fine detail.

The corrected refractive error of visual acuity test is the gold
standard routine assessment in optometry and ophthalmology. The
Snellen’s chart is widely used for evaluating visual acuity. How-
ever, the progression between each line in the chart is irregular
and hence, inadequate to detect visual acuity changes in terms of
the number of lines which the subject is able or unable to see [1],
[5]. As such, in the latest studies on vision, the Bailey-Lovie acui-
ty chart and the Early Treatment Diabetic Retinopathy Study
(ETDRS) charts, which employ the logMAR progression (five
numbers or letters in each line, with equal heights and widths for
each character), are most preferred [5], [6]. Chart designs are
based on orientations. For example, Landolt C or llliterate E are
good alternatives when the legibility of different letters are a con-
cern [7]. The resolution of an optotype or letter is dependent on its
contrast [8]-[10].

In a real world, ability to function (vision) in multicontrast envi-
ronment is important as it affects the quality of life. Contrast is not
merely dependent to the differences in luminance between two
adjoining areas. There is however other factors as well that con-
tributes to the contrast parameters. In certain conditions where
both luminance and colour are less effective and conspicuous such
as in when colour discrimination was inhibited in low light envi-
ronments, contrast polarity might contribute to visual response
enhancement. Previous studies on polarity and contrast only had
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small sample sizes, so it was difficult to draw strong conclusions
[11]-[14]. The demand for the contrast-detecting component of
visual resolution has been reported to decrease when the contrast
of the visual acuity chart was reversed (i.e. white-on-black) [13].
The reduction is mainly due to the changes in the contrast of the
features which occur in the retina. It has been hypothesised that
the resolutions of reversed-contrast polarity charts differ from that
of the traditional charts. The effect of contrast polarity on visual
acuity has been investigated by comparing the outcomes of the
usage of conventional black-on-white charts and reversed-contrast
charts [13], [14]. Evidently, the logarithm of the minimum angle
of resolution (LogMAR) was significantly smaller for white letters
on a dark background [13]. However, the study had a small sam-
ple size (4 subjects) and did not control the learning effect (con-
stant stimuli were used when measuring the visual acuity, so
guessing or biases might have led to inaccurate results) [15]. Also,
the reports on polarity were inconclusive. Some claimed that nega-
tive polarity was preferred for better legibility [11], [12], while
others believed that contrast polarity did not affect to visual acuity
[16].

Visual acuity reduces when the contrast ratio is low [10], [17],
[18]. In a study, the reduction was greater when low- (0.14) and
medium-contrast (0.21) charts were used instead of high-contrast
(0.88) charts [17]. However, the value of the medium contrast
used in the study was relatively lower as compared those of other
studies [10], [19]. Previous studies on the functional roles of con-
trast adaptation have found discrepancies and inconsistencies in
the discrimination threshold for background contrast ratios of 0.1
— 0.4 [20]. Meanwhile, a high level of agreement was found when
the contrast ratio was between 0.5 — 0.8, with the greatest im-
provement in the discrimination threshold occurring when the
contrast ratio was 0.8. Hence, it was suggested that the discrimina-
tion threshold for background contrast was influenced by medium
to high contrast ratios.

Most of the investigations have employed the high contrast ratio
predominantly in contrast sensitivity test, whereby the contrast
was reduced according to a greyscale pattern [21]. Generally, the
contrast sensitivity test is considered to be more accurate reflect
visual function in daily life as real world have various luminance
contrast [22]-[24]. However, the contrast sensitivity test has its
limit, in which it does not provide colour information. The ra-
tionale of incorporating colour information in other visual function
test (such as visual acuity) could be useful for evaluating the
quality of vision in daily life. This is because human visual per-
ception is made up of spatial vision, temporal vision and colour
vision [15]. However, previous studies on the effect of colour
elements on visual performance, especially during reading, did not
provide detailed quantitative information regarding the colours
which were used as stimuli [25]-[27]. Therefore, the results could
have been difficult to be interpreted scrupulously with respect to
the effects of colours and contrasts. Studies on different text and
background colour combinations have noted that unlike low-
contrast combinations, high-contrast ones were rated more favour-
ably during subjective evaluations, apart from resulting in better
performance [28]. Hence, the interactions between contrast polari-
ties, contrast ratios, and colour elements in visual performance
require further investigations.

Our study has investigated the effects of three independent varia-
bles (contrast ratios, colour elements and polarities) on visual
acuity (dependent variable) using LogMAR scores. It is hypothe-
sized that the dependency of visual acuity is equally effectuated by
contrast ratios, colour elements and polarities.

2. Materials and Methods

2.1. Visual Stimuli

Visual acuity measurements were carried out in a room of dimen-
sions 7.4 m (length) x 3 m (width) x 3 m (height). The measure-

ments were taken for each of the 6 different modifications of the

printed Landolt C (see Fig.1) chart in a 4 metre LogMAR designs:
(M1) black-on-white (contrast ratio: 0.8)

(M2) white-on-black (contrast ratio: 0.8)

(M3) black-on-white (contrast ratio: 0.5)

(M4) yellow-on-green (contrast ratio: 0.8)

(M5) yellow-on-green (contrast ratio: 0.5)

(M6) black-on-yellow (contrast ratio: 0.8)
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Fig. 1: Landolt C chart

The luminances of the charts were measured by a Konica Minolta
Luminance Meter LS110. The averages of three measurements
were taken as the contrast values. The luminance contrast defini-
tion of Michelson was used to calculate the contrast ratio and this
was based on maximum and minimum luminance of the text and
the background [15]. The luminance was tested at 120 cd/m?,
which was within the recommendation for the luminance of stand-
ardised charts to be between 85 cd/m? and 300cd/m?[29]. A four-
orientation Landolt C chart design was introduced to the subjects
[30] with an internally illuminated by standardised light-emitting
diodes (LED) lamp that known for its lesser flicker [31], [32] and
provides better colour properties [33].

2.2. Procedure

The subjects were seated on an adjustable ergonomic chair, with
the Landolt C chart positioned 4 m directly ahead. Six Landolt C
charts of different designs (M1 — M6) were presented to the sub-
jects at random. The subjects were light-adapted for two minutes
in the same experimentation room. The reason of this was to allow
the regeneration of sufficient cone pigments to detect the lumi-
nance of the charts [34]. Hence, it was important to ensure that the
photoreceptors remained sensitive to the luminance of the charts
before the visual acuity measurements were taken. A ‘criterion-
free’ method was employed, so that the results were not affected
by the cautiousness of the subjects’ responses. The visual acuities
were measured in terms of the logarithm of the minimum angle of
resolution (LogMAR) at which the gap orientations of the Landolt
C chart were accurately identified. The scoring was based on the
letter-by-letter termination rule, for which the subjects were en-
couraged to complete a particular line. Scoring acuity letter-by-
letter, in which equal credit is given for each correct letter read,
produced better test-retest variability and finer grading scale [35].
The visual acuities of the subjects were determined binocularly.

2.3. Participants

A total of eighteen subjects have been recruited. The sample size
calculation was done using the GPower Analysis Version 3.1.9.2
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software, with a power of 0.95. The inclusion criteria were (i) a
corrected visual acuity of 6/6 or higher in both eyes, (ii) subjects
who have passed the Farnsworth D15 colour vision screening test,
and (iii) an absence of known ocular diseases. Ethical approval
was obtained from the Research Ethics Committee of Universiti
Teknologi MARA. The series of comparisons in our study are

summarised in Table 1.

Table 1: Summary of comparison in our study

Objectives

Comparison

To compare positive and negative po-
larity using fixed contrast ratio at 0.8

M1 (black-on-white) and M2
(white on black)

To compare two different contrast ratio
(0.8 versus 0.5) using positive polarity
only

M1 (black-on-white, 0.8 con-
trast ratio) and M3 (black-on-
white, 0.5 contrast ratio)

To compare the mean visual acuity
difference with and without colour
element as a result of the 0.3 contrast
ratio difference.

Set without colour element:
M1 (black-on-white, 0.8 con-
trast ratio) and M3 (black-on-

white, 0.5 contrast ratio)

Set with colour element:
M4 (yellow-on-green, 0.8
contrast ratio) and M5 (yellow-
on-green, 0.5 contrast ratio)

To compare the mean visual acuity
difference with and without colour
element at fixed 0.8 contrast ratio.

M4 (yellow-on-green, 0.8
contrast ratio) and M6 (black-
on-yellow, 0.8 contrast ratio).

3. Results and Discussions

The data was not normally distributed (Shapiro-Wilk: p < 0.05).
Nonparametric tests such as the Wilcoxon signed-rank test and
Friedman test were used. The level of significance was set at 0.05.
Comparative analyses were performed to examine the effects of
contrast polarities, contrast ratios, and colour elements on visual

acuity (see Fig.2).

3.1. Fixed Contrast Ratio: Positive and Negative Polari-

ty

The comparison of visual acuity between positive and negative
polarity was determined using the Wilcoxon signed-rank test. The
LogMAR scores were not significantly different between the posi-
tive contrast polarity, M1 (median = -0.06; IQR = 0.10) and nega-

tive contrast polarity, M2 (median = -0.06; IQR = 0.10) [Wilcoxon
signed-rank test: z = 0.318, p > 0.05].

3.2. Varied Contrast Ratio: Positive Polarity

Visual acuity was further investigated in the presence of positive
polarity and a contrast ratio of either 0.5 or 0.8. The LogMAR
score was significantly reduced when the contrast ratio was 0.5
(median = 0.10; IQR = 0.22) as compared to the contrast ratio of
0.8 (median = -0.02; IQR = 0.10) [Wilcoxon signed-rank test: z =
2.944, p < 0.05].

3.3. Varied Contrast Ratio: with and without Text/
Background Colour Elements

The contrast ratios of four Landolt C chart designs were studied
with and without colour elements. There were significant differ-
ences between the groups [Friedman test: x? (3) = 24.24, p <
0.05]. Pairwise comparisons were performed using Dunn’s proce-
dure, with Bonferroni correction for multiple comparisons. The
adjusted p-values were then presented. Post-hoc analyses showed
significant differences in the LogMAR scores between the black-
on-white chart with a contrast ratio of 0.8, M1 (median = -0.02;
IQR = 0.10) and the black-on-white chart with a contrast ratio of
0.5, M3 (median = 0.10; IQR = 0.22) (p < 0.05). Significant dif-
ferences were also found between the yellow-on-green chart with
a contrast ratio of 0.8, M4 (median = -0.10; IQR = 0.10) and the
yellow-on-green chart with a contrast ratio of 0.5, M5 (median =
0.14; IQR = 0.10) (p < 0.05). Additionally, the median visual acui-
ty comparison with and without colour element as a result of 0.3
contrast ratio difference was found to be significant [Wilcoxon
signed-rank test: z = 2.944, p < 0.05 for no colour element; z =
2.852, p < 0.05 for colour element].

3.4. Fixed Contrast Ratio: with and without Text Colour
Elements

The effect of colour element was further investigated at a contrast
ratio at 0.8. Interestingly, the yellow-on-green chart (i.e. text col-
our elements present), M4 (median = -0.02; IQR = 0.10) gave
better visual acuity measurements than the black-on-yellow chart
(i.e. text colour elements absent), M6 (median = 0.10; IQR = 0.10)
[Wilcoxon signed-rank test: z = 2.950, p < 0.05].
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Fig. 2: The effect of contrast polarity, contrast ratio and colour element on visual acuity measurements

Contrast ratios and colour elements significantly influenced the
visual acuity outcomes in our study, but this effect was not
apparent in different contrast polarities. Our finding seemed to

disagree with previous reports on the improvement of visual acuity
in the presence of negative polarity [13], [14]. However, the
methodological approaches in the latter were different. First,
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previous investigations have utilised non-printed materials and
constant stimuli method. On the other hand, our study has adopted
printed materials and ‘criterion-free’ forced-choice method.
Constant stimuli approaches tend to give a wider range of meas-
urements due to the subjective interpretations of blurriness and
clearness [15]. The forced-choice method in our study could have
reduced the effects of subjective interpretations because the
observers’ judgments were not absolute; they were comparative
instead [36]. Hence, it is suggested that the effects of the observers’
perceptions towards the measurement were minimal. Second, a
testing distance of 1.9 m in previous studies could have induced
more reflex accommodative blurriness than the testing distance of 4
m in our study. Reflex accommodation is an automatic ocular
response to blurriness in an attempt to maintain a clear retinal
image. In addition, the target on a computer screen in a dimly-lit
room in the previous studies could have been a source of glare to
the subjects, which in turn affected the visual acuity measurements.
Previous studies have claimed that negative polarity provides better
legibility as compared to positive polarity [12]. However, the
black-on-white (positive polarity) and white-on-black (negative
polarity) analyses have not been conducted in isolation (i.e. without
the influence of other colours). Hence, the precise effect of contrast
polarity without colour elements on visual acuity was difficult to
determine. A similar finding was reported in an investigation which
employed 56 colour combinations in a liquid crystal display (LCD)
[11]. On another note, contrast polarity, be it black-on-white
(positive polarity) or white-on-black (negative polarity), in a visual
display terminal was reported to have no significant effects on
visual performance [16]. In other words, the mean visual acuity
was not affected by the contrast polarity. Our findings revealed
similar trends, although we used a different type of visual stimulus
(i.e. printed materials). In our study, no significant difference in the
visual acuity has been noted between the positive and negative
polarities without the presence of colour elements.

Visual acuity decreased as the contrast ratio decreased. In our study,
a similar pattern was observed in both with the presence and
absence of colour elements. A lower contrast ratio (0.5) gave
poorer LogMAR scores than a higher contrast ratio (0.8). In an
earlier study on the effects of contrast ratios on visual acuity,
analyses of variances showed that the latter was significantly
affected by the former [16]. There was a significant increment in
the visual acuity at higher contrast ratios. Our finding was con-
sistent with that of a study in which at a contrast ratio of 0.8, both
the presence and absence of colour elements yielded better visual
acuities of -0.02 and -0.10 respectively, as compared to a contrast
ratio of 0.5. These results matched those of earlier studies, in which
the greatest improvement in the discrimination threshold was noted
when the background contrast level was at its highest (i.e. 0.8) [20].
Interestingly, the reduction of the LogMAR score which was
caused by a decrease in the contrast ratio seemed to be greater
when colour elements were present in the Landolt C chart design.
Our findings have managed to confirm that colour combinations

with higher contrast were better than those with lower contrast [28].

It is somewhat surprising that the colour combination of yellow-on-
green produced better LogMAR score compared to black-on-
yellow despite of both charts having same contrast ratio. This
finding was contradicted with earlier study that has found poor
visual acuity with the colour combination of green-yellow [37].
This inconsistency may be due to utilization of the Landolt C
text/background designs used in both studies. Our study utilized a
single yellow colour as the text and background while the earlier
study mixed both yellow and green colours as the text. Indirectly,
this suggests that simultaneous contrast that was produced due to
colour differences between the text and background play a
significant role and the effect was apparent in yellow-on-green
chart design. This finding further support the idea of changeable
character of green colour when being used as the background [38].
Radiant effect was obtained with yellow on green, with yellow
dominating over the green [38]. This occurred as green is a mixture
of two complementary colours (yellow and blue), as compared to
yellow which is the complementary colour. The interaction

between colours in the simultaneous contrast is especially percepti-
ble when objects have complementary colours [39]. Overall, when
colour elements were present, regardless of whether the contrast
was reduced or that the colour was just applied as a background,
the visual resolution degraded. Colour elements seemed to affect
the contrast mechanism in the ocular pathway. This was based on
the finding that the same difference in the contrast ratio gave
different results in the presence and absence of colour elements.
Although the study has reached its aims, there are some limitations
and short comings. There are several limitations in this study which
may need improvement in the future. This study drew its sample
from a relatively small group of young adults (mean age of 22 +
1.81 years, n = 18). Therefore, it might not be suitable to generalize
the results for pediatric or aging population. Further studies with
larger sample size are needed to evaluate in normal population.
Indeed, it would be interesting to assess any age-related changes of
coloured visual acuity in the future study. Furthermore, we did not
consider the effect of the refractive error since all subjects were
screened for visual acuity of 6/6 or better. The findings could be
more interesting if habitual visual acuity is considered as subject
inclusion criteria.

4. Conclusion

Returning to the hypothesis posed at the beginning of this study, it
is now possible to state that the colour combinations of the targets
and backgrounds of any visual function tests should be applied
with caution and need further investigations. For any visual task
involving the resolution and recognition of low colour contrast
stimuli, deterioration of the visual resolution might occur. Hence,
future investigations should incorporate a broader spectrum of
colours which cover a wider range of wavelengths. In conclusion,
the effect of polarity on visual acuity was negligible without the
interference of contrast ratios and colour elements. Lower contrast
ratios and colour elements reduced visual acuity. Of the three
evaluated factors, the effect of colour combinations on visual
acuity remains inconclusive and therefore requires further investi-
gations.
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