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Influence of bar reader colour and contrast when reading
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Abstract

Aim: To identify the effect of using different coloured
bars on reading time for the bar reading task, along
with an assessment of subject experience with
different colour bars.

Methods: Inclusion criteria were: visual acuity better
than 0.5 logMAR, presence of binocular single vision,
and ability to understand and perform bar reading.
Measurements were taken of visual acuity, near point
of convergence, interpupillary distance, Bagolini
glasses and prism fusion range. Bar reading was
timed and undertaken with and without five coloured
bars for N5 and N12 print.

Results: Forty subjects were recruited with a mean
age of 38.5 years (SD 12.4). Two were excluded
because of poor visual acuity in one eye. There was no
significant difference in bar reading task duration
with or without the bar in place and for different
colour bars. Eleven subjects perceived difficulty with
the task, mostly relating to maintaining physiological
diplopia appreciation of the bar. White was the most
popular bar colour.

Conclusions: Bar reading is a good indicator of
binocular single vision and is useful as a home
exercise. In our healthy controls no differences were
seen when using different colour bars. A repeat of
this study in a clinical population of symptomatic
strabismic patients is required.
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Introduction

Bar reading is controlled reading which allows accom-
modation without over-convergence.! This task is based
on physiological diplopia so that when the subject looks
at the print, the bar held in front of the print is seen as a
blurred double image. If the subject is binocular, the
subject will be able to read the print as one eye will
always see the text: the left eye sees to the left of the bar
and the right eye sees to the right of the bar. If the
subject is not binocular, the bar will hide part of the text.

Lyle and Jackson? state that reading bars are used to
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train patients to maintain binocular single vision for
reading, while accommodation and convergence are in
their correct relationship, for a given size of print at a
given distance.

The process of using bar reading is to start the exercise
using large print and then reduce down to smaller print.!
Use of high-contrast bars has been suggested as a way of
making the task easier, in that the bar is more easily seen
in contrast to the text.

Ability to bar-read with ease is an indicator of the
strength of binocular single vision and thus is used as a
home exercise to improve binocular single vision in
patients with strabismus. Bar reading is advantageous
in that it is a stabilising exercise for many patients,
inexpensive, portable, fairly simple and not too tiresome
as a home exercise. It is used as part of a series of
orthoptic treatments.

Bars are available in different colours including black,
yellow and red. It is unknown whether a difference in bar
reading ability occurs when using these differing colours
and whether subjects perceive different colour bars as
easier or more difficult when undertaking the bar reading
task. The purpose of this study was to identify the effect
of using different coloured bars on reading time for the
bar reading task, along with an assessment of subject
experience with different colour bars.

Methods

Inclusion criteria included the following: presence of
binocular single vision, best corrected visual acuity
of 0.5 logMAR or better at distance and near fixation,
ability to appreciate physiological diplopia, ability to
understand the bar reading task, and age 18 years or over
(no upper age limit).

A standardised testing protocol was designed and used
throughout the testing, to ensure consistency between
each subject. This protocol took the form of a subject
record sheet used to indicate the order of testing.

To reduce fatigue effects, the colours of bars (black,
white, red, yellow, lilac) used when testing were
randomly selected. This randomisation was achieved
by pre-drawn computer-generated randomised number
lists.

Before undertaking any testing, each subject gave
informed consent, by reading a participant information
sheet and signing the consent form. All testing sessions
were undertaken in the same room using standardised
illumination, positioning and testing distances.

Subjects were first asked to read aloud the set text at
N5 without any bars. The same text was used on
repeated assessment. The subject was then asked to use
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Table 1. Reading durations with and without a bar (seconds)

55

Without With bar
bar
Lilac Black Yellow White Red First tested Last tested  Overall average

NS text

Mean value 66.76 63.71 64.26 64 64.58 64.18 66.32 62.63 64.15
Standard deviation 12.25 13.24 12.14 11.88 12.94 12.77 12.62 12.62 12.29

N12 text

Mean value 37.84 36.13 35.50 35.79 35.74 35.25 36.66 35.00 35.68
Standard deviation 3.37 4.41 3.46 3.42 4.02 4.05 4.05 3.73 3.55

Mean values and standard deviations are provided for 40 subjects assessed with N5 and N12 text.

each of the five coloured bars in turn, the order having
been previously generated by way of randomisation.
Presbyopes wore their reading glasses for the task. Using
their thumb to hold the bar in place, the bar was
positioned by the subject between the two lines in the
centre of the page. The subject had to focus on the text
so that the bar became ‘double’ in their field of vision.
The page then had to be moved to the point that the
double bars were just within touching distance of each
other. It was only at this point that the text could be read,
maintaining this distance. The importance of keeping the
head and bar still and not trying to look around the bar to
see the text was emphasised to the subject. To help the
subject focus on the ‘two bars’, they were told to try to
‘Look through the bar’. The reading task was timed for
each colour of bar. During the test the subject was asked
to remain aware of any preferences they might have in
favour of one particular bar colour and how they felt
during the test. This information was then captured in a
questionnaire at the end of the testing period. The testing
was subsequently repeated with N12 text.

In addition to the bar reading task, the following data
were collected: glasses prescription (if worn), best
corrected visual acuity, ability to see a cross response
on Bagolini glasses at 1/3 metre followed by main-
tenance of the cross during a prism fusion range
measurement, interpupillary distance (IPD) measure-
ment and near point of convergence measurement. If
subjects had any prescription glasses, these were worn
for the near and distance visual acuity tests, as required.

Data were entered onto an Excel spreadsheet and
imported into the SPSS version 15 statistical package.
Data for duration of reading task and test results (e.g.
fusional vergence, IPD and near point of convergence)
were assessed for distribution. Standardly distributed
data were analysed with parametric ¢-tests with
Bonferroni adjustment, and ANOVA tests. Data that
were not standardly distributed were evaluated with non-
parametric analysis (Wilcoxon or Mann-Whitney tests).
For example, individual preferences for bar colour were
evaluated using a Mann-Whitney test.

Results

Forty subjects who met the inclusion criteria were
recruited to the study. Two patients were excluded
because they were unable to undertake the bar reading
task: due to monocular reduced visual acuity relating to
anisometropic amblyopia in one subject and mixed

myopic/hypermetropic refractive error in the second.
Informed written consent was obtained from all subjects
and the study conformed to the Helsinki Declaration.

Twelve subjects were male and 26 were female, with a
mean age of 35.5 years (SD 12.4). Mean best corrected
visual acuity was —0.10 logMAR (SD 0.15) at near
fixation. Mean near point of convergence was 9.74 cm
(SD 6.51) and mean fusional amplitude was 32.612 (SD
14.36). The latter was based on a summed base-out and
base-in prism fusion range measurement at near fixation.
Mean base-out range was 20.392 (SD 11.99) and mean
base-in range was 12.82% (SD 8.27). Mean IPD was
60.47 mm (SD 3.57).

The durations of each reading task are outlined in
Table 1. The mean distance at which the text was held
was 32.86 cm (SD 6.88) for N5 and 33.72 cm (SD 6.86)
for N12. The mean reading duration for N5 text was
64.15 seconds (SD 12.29) and for N12 text was 35.68
seconds (SD 3.55). No significant difference in duration
was found when reading without the bar or with bars of
different colours.

In order to minimise the impact of fatigue on reading
duration during the bar reading tasks, the colour of the
bar was randomised for order of use during the reading
tasks. Subjects were also allowed to read the text first
without the bar in place. There was no significant
difference in the duration of reading with or without the
bar in place, or from first reading to last reading task
with each bar in place, for either the N5 or N12 tasks.

Eleven subjects (28%) stated they experienced
difficulty with the task. Six subjects stated they had
difficulty getting the diplopic images of the bar to within
touching distance while focusing on the text. The
remaining 5 subjects reported individual difficulty with:
reading around the bar; needed more concentration to
read with the bar; maintaining diplopic images of the
bar; holding the bar; and seeing N5 print with the bar in
place. There was no significant association for those
subjects reporting difficulty with the task when assessed
against the variables of age, reduced convergence,
reduced fusional amplitude, reading duration, text
distance and colour of bar. The only variable approach-
ing significance in association with reported difficulty
was base-out fusion range, the subjects who reported
difficulty having lower base-out fusion (p=0.066;
independent #-test).

Nine subjects had reduced convergence ranging from
12 to 32 cm. This was significantly associated with a
reduced fusional amplitude and reduced base-out range
(p=0.035, 0.029 respectively; independent #-test) but
not associated with any other variable.
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Bar colour preference

Fig. 1. Bar colour preference.

When asked about their preference for bar colour, 6
subjects stated they had no preference. White was the
most popular colour followed by the yellow bar. Lilac,
red and black were the least preferred colours (Fig. 1).
However, there was no significant increase in duration of
reading task with a preferred colour relative to a least
preferred colour.

When using a bar reading test, it is possible to
calculate a predicted distance (x) at which the text will
be held based on the IPD and known distance of the bar
from the text. The following calculation was used:

Tan = half of bar width = distance of bar
from book (mm)

=6.5+80 =0.08125.

Tan = half of IPD =+ x.
Therefore
x = (IPD +2) = 0.08125.

This was calculated for the subjects in this study and is
shown in Fig. 2a. The actual distances at which the text
was held were measured for both the N5 and NI12
reading tasks and are shown in Fig. 2b and 2c. Although
a linear relationship is seen for the theoretical distance
and IPD, the same is not seen for actual distances.

Discussion

Physiological diplopia is a natural component of
binocular single vision. Its use in bar reading ensures
continued viewing of the text despite the temporary
block of viewing of each eye in turn by the bar. It is,
however, important to ensure that head movements are
avoizded that would allow the subject to look round the
bar.

Colour and contrast are reported to affect reading and
attention.* Readability of documents depends on the
contrast between text and background. High-luminance
backgrounds have been shown to have an inhibitory
effect on texts of medium or low luminance. Further-
more, the readability of documents depends on the effect

Br Ir Orthopt J 2010; 7

of colour on luminance and the select attention in visual
search that enhances processsing.> Colour and form
complexity are shown to increase viewing time® and,
thus, manipulation of colour, form and luminance can
alter the capture of attention.” When colour contrast is
high, subjects have been reported to read as rapidly as
with high-luminance contrast.® Individuals with attention
deficits have been shown to perform better with high
stimuli than low.® An early report on bar reading stated
that a high-contrast bar allows easier perception of
physiological diplopia.® This may relate to a high colour
contrast attracting and maintaining attention to the task.

Although bars of different colours are available there
has been no formal study of whether bar colour makes a
difference to achievement of the bar reading task. During
this study we randomised the use of five different
coloured bars: white, black, lilac, red and yellow.
Duration of the reading task was not significantly
different for reading without the bar followed by reading
with bars of different colours. N5 and N12 text sizes
were used in the study and although N5 was more
difficult to read because of the smaller print size, there
was no significant increase in reading time when the bar
was in place compared with unhindered reading of the
text with the bar removed. It is acknowledged that
the lack of significance found in repeated measures may
reflect the small (n=40) numbers of subjects in this
study.

Eleven subjects reported difficulty with the task,
predominantly related to the ability to focus on the text
and not the bar in order to achieve and then maintain
physiological diplopia. They needed to make a conscious
effort to ‘see through’ the bar. This has been alluded to
in the literature.!-? Despite the perceived difficulty, none
of these subjects showed any differences in ability to
complete the tasks or in the time it took them to com-
plete the task in comparison with those who stated they
had no difficulty. There was a trend towards a reduced
base-out fusion range in the subjects who experienced
difficulty but this did not reach significance level
(p=0.06). However, the subjects tested in this study
had normal visual acuity, no strabismus and were
visually asymptomatic, which constitutes a limitation
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Fig. 2. Interpupillary distance and reading distance relationships. (a) Predicted distance. (b) Actual distance when reading N5 text. (c) Actual

distance when reading N12 text.

of the study. Assessment of a clinical population of
symptomatic strabismic patients is warranted. Further
study with these bar reading tests and perceived diffi-
culty could be hypothesised to show significant associa-
tions with reduced binocular single vision measurements
in clinical scenarios involving symptomatic strabismic
patients. Such a study is a recommendation of this paper.

The use of different colours of bars was evaluated in
this study. High colour contrast was achieved with the
black, red and yellow bars, with lower contrast being
achieved with the lilac and white bars. It has been stated
in the literature that bar reading is easier with a high-
contrast bar.? White was the subjects’ most preferred bar
colour, followed by yellow. Thus high- or low-contrast
colours did not rate very differently. Equally when bar
colour was compared with the reading duration for the
task, no significant differences between colours were

found. A further recommendation of this study would be
to evaluate colour preference in a clinical population of
symptomatic strabismic patients to determine whether a
high-contrast bar is easier to use when initially under-
taking bar reading before progressing to a low-contrast
bar to make the task harder.

One final aspect of this study was to look at the
distance at which the text was held. It is possible to
calculate a predicted distance at which the text will be
held based on the subject’s IPD and the distance of bar
from the text. Clinically we have noted that the distances
from the subject at which the text is held varies between
subjects. However, the actual distances at which the text
was held differed from the predicted measurement. The
predicted measurement is based on geometric calculation
of IPD, bar width and tan angle. What this does not
account for is relative accommodation and vergence in
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response to accommodative load, which varies consider-
ably among individuals, and this may explain the
difference between actual and predicted text distances.
Thus, the distance at which the text is held is an
individual characteristic that cannot be predicted.

Conclusions

Bar reading has been reported to be a good indicator of
binocular single vision at near fixation. The ability to
undertake the task on small text such as N5 indicates
good control of ocular alignment. Where binocular
single vision is weak, bar reading can be used as a home
exercise for patients who understand the test procedure
and are compliant with it. In this study of subjects with
good binocular vision and no strabismus, the choice of
bar colour did not show a significant association with
improved ability to undertake the task. Thus it may be
that the important aspect of the task is the presence of
physiological diplopia, regardless of the colour of these
diplopic images.
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