
http://www.avehjournal.org Open Access

African Vision and Eye Health 
ISSN: (Online) 2410-1516, (Print) 2413-3183

Page 1 of 8 Original Research

Read online:
Scan this QR 
code with your 
smart phone or 
mobile device 
to read online.

Authors:
Tasmiyah Hoosen1 
Farah Mitha1 
Chené Narothan1 
Kapil Ramcharan1 
Farai Zinyembe1 
Nonkululeko Gcabashe1 
Nishanee Rampersad1 

Affiliations:
1Discipline of Optometry, 
School of Health Sciences, 
University of KwaZulu-Natal, 
Durban, South Africa

Corresponding author:
Nishanee Rampersad
rampersadn@ukzn.ac.za

Dates:
Received: 24 Apr. 2020
Accepted: 19 Aug. 2020
Published: 17 Nov. 2020

How to cite this article:
Hoosen T, Mitha F, Narothan 
C, et al. Effect of induced blur 
on distance visual function. 
Afr Vision Eye Health. 
2020;79(1), a575. https://doi.
org/10.4102/aveh.v79i1.575

Copyright:
© 2020. The Author(s). 
Licensee: AOSIS. This work 
is licensed under the 
Creative Commons 
Attribution License.

Introduction
The term visual function describes how well the eye and visual system work and may be assessed 
with various tests in a clinical and/or research setting.1 Some of the tests of visual function 
include but are not limited to visual acuity, colour vision, stereoacuity, contrast sensitivity, 
perception of movement, dark adaptation and visual fields.2 The visual system is immature at 
birth and shows progressive improvement during the first few years of life. The age at which the 
different visual functions reach adult levels varies with some functions (motor fusion and 
stereopsis) showing adult levels after the first seven months of life whilst others (spatial acuity, 
contrast sensitivity and colour perception) continue to develop throughout the first few years of 
life and reach maturation around adolescence and early adulthood.3 Optimal levels of visual 
function are necessary for successful interaction with the visual environment to plan and execute 
vision-related tasks at distance and at near as well as to undertake activities of daily-living and 
independent mobility.4

Distance vision tasks refer to activities that are performed usually beyond 4 metres (m).4 Unlike 
near-vision tasks that are most often sedentary activities, distance vision tasks are related to 
mobility and include dynamic activities such as driving and engaging in sports as well as leisure 
activities.5 In a qualitative study that used methods such as focus groups, interviews, reflective 
journals and a questionnaire, to investigate the types of visual tasks performed at different 
distances, Atkinson et al.4 reported that driving was the most frequently mentioned distance 
vision activity. This is not surprising as driving is a favoured means of travel for many individuals 
worldwide.6 A systematic review reported that driving cessation is associated with poor quality 
of life, feelings of social isolation, reduced access to healthcare services as well as decreased 
physical and mental health.7 When interacting with the visual environment to undertake a 
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distance vision task, different visual functions may be needed 
to safely and efficiently perform the task being undertaken.4

Some of the visual functions that are important for distance 
vision tasks include distance visual acuity (VA), stereoacuity 
and contrast sensitivity. Visual acuity, which is probably the 
most frequently measured aspect of visual function, is a 
measure of the spatial resolving ability of the eye.1,8 Visual 
acuity measurements may be assessed for different purposes 
and include determining the appropriate lens power in a 
refraction to help make decisions for prescribing and 
monitoring the progression of ocular conditions known to 
affect the optical and/or neural components of the visual 
system.9,10 Assessing VA is also important for determining 
eligibility for specific vision standards such as certification of 
driving licenses, visual disability pensions and visually 
impaired sporting codes.9,10 Stereopsis, which is considered 
as a hyperacuity, refers to the accurate binocular judgement 
of depth and distance and occurs because of retinal image 
disparity.11,12 The assessment of stereopsis is useful to 
screen for ocular conditions such as high uncorrected 
refractive error, anisometropia, aniseikonia, amblyopia and 
strabismus.13,14 Contrast sensitivity, which is the reciprocal of 
the minimum amount of contrast needed to see a target 
(contrast threshold), is a useful measure of visual function.15 
Several physiological and pathological factors such as ageing, 
refractive error, strabismus, amblyopia and ocular diseases 
are known to influence the different aspects of visual 
function.11,15,16 Moreover, it is likely that these factors influence 
the different aspects of visual function differently10 and thus 
it is important to determine the effect of a specific factor 
whilst controlling for other factors. Accordingly, adopting 
such a methodology may help to better understand the extent 
of influence of a specific factor on the measures of visual 
function. Therefore, the aim of this study was to determine 
the effect of induced blur on some measures of 
distance visual function (binocular visual acuity [BVA], 
stereoacuity and contrast) in a sample with characteristics 
that helped to control for the effect of other physiological and 
pathological factors.

Methodology
The study used a quasi-experimental (one group pre-test–
post-test) research design. The participants, consisted 
of undergraduate students attending the University of 
KwaZulu-Natal (UKZN), were recruited using convenience 
sampling and provided written informed consent prior to 
inclusion in the study. Tests used to assess eligibility for 
the study included case history, distance VA, refraction 
(objective and subjective), distance cover test and 
fusional vergence (if needed), ophthalmoscopy, slit lamp 
biomicroscopy and tonometry. Participants were aged 
between 17 and 25 years, had best corrected distance VA of 
at least 0.1 logarithm of the minimum angle of resolution 
(LogMAR) in each eye, spherical equivalent refractive 
error between 0.75 dioptre (D) and –0.75 D with no 
clinically significant anisometropia, distance orthophoria or 

compensated heterophoria and no history of any ocular, 
systemic and/or strabismus conditions.

Ophthalmic convex lenses were used to induce blur and 
this method of inducing optical defocus has been used in 
previous studies.13,16,17,18,19 The participant’s vision was 
degraded using ophthalmic convex trial lenses that were 
placed in the trial frame that the participant wore during 
the data collection procedures as has been done 
previously.17 Four different test lenses (0 D, 1 D, 3 D and 
5 D) were used in front of each eye in the trial frame to 
induce binocular blur. The 1 D test lens was also used to 
induce monocular asymmetric blur. For standardisation, 
the 1 D test lens was always placed in front of the 
participant’s dominant eye for sighting, which was 
assessed using the ‘hole-in-card’ test,20 when inducing the 
monocular asymmetric blur. The 0 D test lens was used as 
a placebo in this study. Similar to the data collection 
procedure used in an earlier study,13 an artificial pupil was 
placed before each eye to control for image spread 
occurring as a result of the induced blur with the different 
test lenses. The artificial pupil, which was an opaque lens 
with a 4 millimetre (mm) diameter, was further used to 
standardise the pupil size as it is well known that the latter 
influences the depth of focus, which can affect the different 
aspects of visual function.21

The tests used to collect data included distance VA, 
stereoacuity and contrast measured with a distance LogMAR 
chart, Howard–Dolman apparatus and Lea numbers low 
contrast 10M flipchart, respectively. The LogMAR chart is 
the gold standard for measuring VA in a research setting as it 
has a superior design based on scientific principles that 
address limitations identified in the Snellen VA chart.8,22 The 
range of distance VA measurements is between 1.0 LogMAR 
and −0.3 LogMAR when the chart is positioned 4 m away 
from the observer.22 Participants were instructed to verbalise 
the optotypes on the chart progressing in a downward 
direction and line scoring was used to determine the LogMAR 
VA measurement.22 The LogMAR chart with three different 
optotypes (letters, numbers and tumbling Es) were used in a 
random order to prevent memorisation of the optotypes 
during repeated testing. 

The Howard–Dolman apparatus, which is an example of a 
real depth test, is the gold standard for measuring stereoacuity 
at intermediate and distant viewing distances as it allows for 
accurate stereoacuity measurements.14,23 Participants were 
instructed to adjust the position of the movable white vertical 
rod, using the strings in a pulley arrangement, such that it 
appeared the same distance away from the participant as the 
stationary white vertical rod. The participant’s head was 
stabilised using a chin and forehead rest whilst fixating on 
the white vertical rods through the rectangular aperture in 
the Howard–Dolman apparatus to arrest any monocular 
cues to depth perception.23 Using the participant’s 
interpupillary distance, a test distance of 3 m and the distance 
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between the two white vertical rods, the stereoacuity was 
determined in arcsec using the formula:

×
×

Interpupillary distance (mm) distance between
two rods (mm) 206 265
Test distance (mm)2

 [Eqn 1]

which is provided in the Howard–Dolman apparatus. 
The stereoacuity measurements obtained with the Howard–
Dolman apparatus were categorised as fine (≤ 60 arcsec), 
moderate (> 60 arcsec but ≤ 200 arcsec) or coarse/nil 
(> 200 arcsec) based on a classification system that has 
been used previously.24 A researcher reset the position of 
the movable white vertical rod after each stereoacuity 
measurement to minimise the influence of the previous 
measurement on the subsequent measurement. 

The Lea numbers low contrast flipchart, which consists of 
five 10M number optotypes at five different contrast levels 
(25%, 10%, 5%, 2.5% and 1.25%), was used to assess contrast.25 
Participants were instructed to identify the number of 
optotypes being shown at the different contrast levels starting 
with the highest contrast level at a 3 m working distance. The 
Lea low contrast flipchart was held vertically and parallel to 
the participant’s eyes to minimise the effect of tilting on the 
perception of the number of optotypes.25 The lowest contrast 
level at which the participant was able to correctly identify 
three or more of the optotypes was recorded as an indication 
of their contrast ability. Participants were instructed to read 
aloud the number optotypes either starting at the beginning 
or end of the line in a random order to minimise the effect of 
memorisation during repeated testing. 

Three participants were examined simultaneously at the 
three data collection stations (distance acuity, stereopsis and 
contrast). Initially, the binocular distance VA, stereoacuity or 
contrast measurements were determined with no test 
lens and only with the participant’s distance refractive 
correction (if needed) in the trial frame and this served as the 
habitual measurement. Thereafter, the binocular distance VA, 
stereoacuity or contrast measurements were repeated with 
each of the test lenses in the trial frame. The order in which 
the five test lenses were presented at each data collection 
station was randomised to minimise any bias. When six 
measurements (habitual and with the five test lenses) were 
completed at a data collection station, participants proceeded 
to the next station until all three participants had completed 
six measurements each at the three data collection stations. 
The order in which the three participants swopped amongst 
the three data collection stations was also randomised. 

A pilot study was performed prior to data collection to refine 
and standardise the data collection procedure. Data collection 
took place in a room that consisted of fluorescent lighting 
and all windows were covered with venetian blinds to 
prevent any stray light from entering the room. Even 
though the room illumination was not measured in this 
study, none of the fluorescent bulbs were changed or replaced 
throughout the study and the setup of each data collection 

station remained unchanged. Two researchers were assigned 
to each data collection station and one researcher recorded 
the measurement whilst the other researcher presented the 
different test lenses in the trial frame. The researcher 
responsible for recording the measurements was unaware of 
which test lens was placed before the participants’ eyes. In 
the same way, the researcher presenting the different test 
lenses was blinded to the measurements being recorded with 
the different test lenses. After all five measurements were 
taken with the test lenses, the two researchers combined their 
individual recordings to ensure that the different test lenses 
were matched with the different measurements taken at that 
data collection station. This was necessary as the two 
researchers at each data collection station were unaware of 
each other’s recordings whilst the participant was being 
examined. 

Data were captured and analysed using the Statistical 
Package for Social Sciences (SPSS version 25). The results are 
summarised using means, standard deviations, range, 
frequency counts and percentages. The paired sample t-test 
was used to compare the habitual and induced VA and 
stereoacuity measurements. A probability (p) value of less 
than 0.05 was considered statistically significant.

Ethical consideration
Ethical clearance to conduct this study was received from the 
University of KwaZulu-Natal, School of Health Sciences 
Research Ethics Committee (SHSEC 028/15), 01 June 2015.

Results
The sample consisted of 30 participants comprising both 
females (n = 21) and males (n = 9). The mean age of participants 
was 20.77 ± 1.50 years with an age range of 18 to 23 years. The 
mean spherical equivalent refraction for the right and left 
eyes was −0.08 D ± 0.35 D (range, +0.50 D to −0.75 D) and 
−0.11 D ± 0.28 D (range, +0.50 D to −0.50 D), respectively. Just 
under half of the sample (n = 14) presented with orthophoria 
at distance whilst the remaining participants either had an 
exophoria (n = 12, mean = 2.33 prism dioptres [Δ] ± 0.89 Δ) or 
an esophoria (n = 4, mean = 2.25 Δ ± 1.26 Δ). The phorias were 
compensated based on the corresponding fusional vergence 
measurements. For the total sample, the mean habitual 
distance BVA was 0.01 ± 0.05 LogMAR with a range from 
−0.10 LogMAR to 0.10 LogMAR. The mean habitual distance 
BVA was similar in male (0.01 LogMAR ± 0.06 LogMAR) and 
female (0.01 LogMAR ± 0.05 LogMAR) participants. The 
mean habitual distance stereoacuity measurement for the 
total sample was 29 arcsec ± 20 arcsec with a range from 4 to 
81 arcsec. In contrast to the gender related trend observed for 
the habitual VA measurement, male participants had worse 
habitual stereoacuity than females (35 arcsec ± 22 arcsec vs. 
27 arcsec ± 20 arcsec). All participants (n = 30) were able to 
correctly identify all five number optotypes at the lowest 
contrast level (1.25%) when no test lens was placed in the 
trial frame.
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Table 1 shows the mean LogMAR BVA measurements 
obtained with the different test lenses used to induce the 
optical defocus and the mean difference in LogMAR BVA 
when compared with the habitual LogMAR BVA of 0.01. 
As expected, the mean distance LogMAR BVA decreased as 
the power of the test lens that was used to induce the 
optical defocus increased (Table 1). The mean distance BVA 
measurement with the 0 D and 1 D (asymmetric) test lenses 
was similar to the habitual LogMAR BVA measurement 
with differences that were ≤ 0.02 LogMAR (p ≥ 0.08). In 
contrast, the other three test lenses resulted in mean 
LogMAR BVA measurements that were significantly 
different when compared with the habitual LogMAR BVA 
with the range of differences from 0.23 to 0.88 LogMAR 
(p < 0.001).

Figure 1 shows the mean habitual stereoacuity and the 
stereoacuity obtained with the different test lenses used to 
induce the optical defocus. The test lenses are arranged in 
order of their effect on the LogMAR BVA measurement, 
where the 0 D and 5 D test lenses had the least and greatest 
effects, respectively (Table 1). The mean stereoacuity with the 
0 D test lens was similar to the mean habitual stereoacuity 
with a difference of only 4 arcsec (p = 0.609). In contrast, the 
other four test lenses resulted in significantly worse mean 
stereoacuity measurements that were 33 arcsec to 75 arcsec 
higher than the mean habitual stereoacuity (p < 0.001). The 
1 D test lens in the monocular (asymmetric) and binocular 
conditions resulted in almost identical mean stereoacuity 
measurements (62 arcsec and 63 arcsec). Moreover, the mean 
stereoacuity measurement with the 1 D test lens in these two 

conditions was more than two times the mean habitual 
stereoacuity (Figure 1). Similarly, the 3 D and 5 D test lenses 
resulted in mean stereoacuity measurements that were more 
than three times the mean habitual stereoacuity (Figure 1). In 
terms of the classification of stereoacuity measurements 
used in the present study, the habitual stereoacuity was 
categorised as fine stereoacuity and only the 0 D test lens 
resulted in an induced stereoacuity measurement that could 
still be categorised as fine stereoacuity. In contrast, the mean 
stereoacuity measurements with the other four test lenses 
were categorised as moderate stereoacuity.

Figure 2 shows the frequency of the different contrast levels 
that were recorded with the five test lenses. All participants 
(n = 30) were able to correctly identify all five number 
optotypes at the 1.25% contrast level with the 0 D test lens, 
which is identical to the results found when no test lens was 
placed in the trial frame. The majority of participants (n = 28) 
were still able to achieve the 1.25% contrast level when the 
1 D test lens was placed in front of only one eye (asymmetric). 
The 1 D test lens placed in front of both eyes showed the most 
varied results as the majority of participants either achieved 
the 1.25% (n = 11) or 10% (n = 10) contrast levels whilst one 
participant each correctly identified the number optotypes at 
the 2.5% and 25% contrast levels. More than 80% of 
participants (n = 25) were unable to recognise any of the five 
number optotypes even at the highest contrast level (25%) 
with the 3 D test lens whilst the remaining five participants 
achieved some level of contrast that was ≥ 5% (Figure 2). 
None of the participants were able to achieve any of the 

TABLE 1: Mean distance LogMAR BVA with the five test lenses used to induce 
optical defocus.
Test lens Mean distance 

BVA (LogMAR)
Mean difference compared with 

habitual distance LogMAR BVA (0.01)
p†

0 D 0.01 ± 0.06 0.00 0.698
1 D (asymmetric) 0.03 ± 0.07 0.02 0.085
1 D 0.24 ± 0.16 0.23 < 0.001*
3 D 0.81 ± 0.14 0.80 < 0.001*
5 D 0.89 ± 0.12 0.88 < 0.001*

D, dioptre; BVA, binocular visual acuity. 
*, p-value statistically significant.
†, paired t-test.

D, dioptre; BVA, binocular visual acuity.

FIGURE 1: Mean habitual distance stereoacuity and induced stereoacuity with 
the five test lenses used to induce optical defocus.
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contrast levels when the 5 D test lens was placed in front of 
both eyes (Figure 2). 

Discussion
This study aimed to determine the effect of induced blur on 
measures of distance visual function including BVA, 
stereopsis and contrast in a healthy young adult sample. 
Overall, the results showed that all three measures of distance 
visual function decreased as the power of the convex lens 
used to induce the blur increased. This finding was expected 
as defocus blur, which is because of inaccurate adjustment of 
the focal length, results in a loss of resolution of the details in 
an image.26 As the LogMAR VA chart assesses recognition 
acuity,10 the defocus blur induced, particularly with the high 
powered test lenses would have degraded participants’ 
perception of the details (optotypes) in this test. This would 
also account for the trend observed when contrast was 
assessed with different convex test lenses as the details in 
this test are number optotypes. Even though the Howard–
Dolman apparatus does not contain any optotypes, the 
decrease in stereoacuity is likely explained by both the loss of 
resolution and contrast as these two factors influence 
stereopsis.14,27 As much as a decrease in the measures of 
visual function was expected, using test lenses of different 
dioptric power would help to better understand what level of 
induced blur produces a substantial decrease in the distance 
acuity, stereopsis and contrast. 

The mean LogMAR BVA measurement with the 1 D 
(asymmetrical) test lens was similar to the mean habitual 
LogMAR BVA measurement with the mean difference 
equivalent to only one letter (0.02 LogMAR). This similarity 
in the mean BVA measurements may be as a result of the 
binocular VA measurement being more reflective of the VA in 
the non-dominant eye when the 1 D test lens was placed 
before the dominant eye. This explanation is likely as the 
sample consisted of healthy young adults with no ocular 
anomalies and therefore the VA measurements in the two 
eyes are likely to be similar and correlated.28 The mean 
LogMAR BVA measurements when the 1 D, 3 D and 5 D test 
lenses were placed binocularly before the participants’ 
eyes were significantly different from the mean habitual 
measurement with the range from 0.23 to 0.88 LogMAR 
(p < 0.001). In addition, these differences are also clinically 
significant as they are higher than the maximum difference 
(0.2 LogMAR) that is suggested for inferring that an actual 
difference exists between two VA measurements when using 
a LogMAR VA chart.29 This implies that the two to almost 
nine-line difference in mean BVA measurements may be 
because of the effect of these test lenses and not the test-retest 
repeatability of the LogMAR VA chart. These results 
concur with the findings of other studies that also reported 
decreased LogMAR VA measurements when convex lenses 
were used to induce blur in healthy samples.16,19,30

In the present study, the mean stereoacuity measurements 
with all test lenses except the 0 D were significantly worse 
than the mean habitual stereoacuity. This finding is in 

agreement with previous studies that found reduced 
stereoacuity measurements when stereopsis was assessed 
using different methods (lenses or diffusing filters) to induce 
blur in participants with no ocular anomalies.16,17,30,31 As 
stereoacuity is a hyperacuity, it is sensitive to and negatively 
affected by defocus, reduced contrast and/or retinal image 
degradation.14 The 1 D, 3 D and 5 D test lenses when placed 
binocularly before the participants’ eyes, showed a linear 
decrease in stereoacuity as the power of the test lens increased. 
This finding is probably as a result of the corresponding linear 
increase in defocus and/or loss of contrast that occurred 
when the dioptric power of the convex test lenses increased. 
Moreover, these test lenses resulted in a substantial decrease 
in stereoacuity as the induced stereoacuity measurements, 
which were classified as moderate stereoacuity, were more 
than two times higher than the habitual stereoacuity.

Stereopsis is considered as the benchmark indicator of 
binocularity.11,27 Furthermore, unilateral blur causes a greater 
decrease in stereopsis than binocular blur.11,12,27 In cases of 
unilateral blur, factors such as anisometropia and its impact 
on fusion and stereopsis become important considerations in 
addition to defocus.17 Interestingly, the stereoacuity results 
were almost identical when the 1 D test lens was used 
binocularly and before the dominant eye only. Thus, it can be 
speculated that 1 D of monocular blur in the present study 
may not have had a major impact on fusion as the stereoacuity 
measurement was similar to the measurement obtained 
when the 1 D test lens was worn binocularly. This implies 
that the reduced stereoacuity, noted when the 1 D test lens 
was used to induce monocular blur, is most likely explained 
by the effect of defocus. An early study13 also found similar 
results as 0.5 D to 1 D of unilateral blur did not affect 
stereoacuity significantly when assessed with the Titmus and 
Randot stereo tests. It has been proposed that stereopsis is 
substantially affected with unilateral blur of 2 D or more as 
this probably results in the blur-induced foveal suppression 
that impacts fusion and binocularity owing to the large 
interocular differences in VA.11,12,13,17,31 An alternate explanation 
for this finding could be related to the nature of the 
stereoscopic stimulus in the Howard–Dolman apparatus as 
studies have reported that low spatial frequency targets in 
real depth tests are less affected by unilateral blur.12,24

Contrast sensitivity, which assesses the ability of the visual 
system to detect images at varying luminance levels, can be 
measured with various clinical tests including the Pelli-
Robson test, Lea low contrast test, Mars contrast sensitivity 
test and the Hiding Heidi test.15,25,31 As a result of limited 
availability of tests to assess contrast at the UKZN eye clinic, 
the Lea low contrast test was used to assess contrast in this 
study. Consequently, direct comparisons of the results from 
the present study to other studies are limited because studies 
have used different tests and presented results in different 
ways. Nevertheless, the trends seen in the results related 
to contrast were interesting and warrant discussion. For 
example, the small decrease in the frequency of participants 
that achieved the 1.25% contrast level with the 1 D asymmetrical 
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blur test lens, when compared with the habitual measurement, 
may be explained by disruption of binocular summation as a 
result of the induced unilateral blur.31,32 In addition, the 
majority of participants were unable to achieve any of the 
contrast levels with the 3 D and 5 D test lenses and this may 
be because the size of the 10M number optotypes at 3 m 
corresponds to a VA of 0.3 (which is 6/20 or 0.52 LogMAR).25 
As the mean VA measurements with the 3 D and 5 D test 
lenses were worse than 0.52 LogMAR, it implies that the size 
of the 10M optotypes were beyond the participants’ spatial 
resolving ability with these test lenses and thus were 
unresolvable. Moreover, these high powered test lenses 
would have also degraded participants’ perception of the 
10M optotypes by increasing the width of the point spread 
function and consequently decreasing the contrast.32 All 
participants achieved some level of contrast when the 1 D 
test lens was placed before both eyes and this may be 
accounted for by the mean VA with this test lens being 
0.24 LogMAR, which is equivalent to approximately 6/10 
suggesting that the optotypes of the Lea low contrast test 
would have been resolved by participants. Despite this, the 
varied results with the 1 D test lens before both eyes and the 
results of the other high powered lenses suggest that there is 
potential to use the Lea low contrast test as a simple screening 
test for detecting binocular refractive blur of 1 D or more. 
This would be particularly useful when screening young 
children who resist monocular testing. As the Lea low 
contrast test is also available with Lea symbols, it would be 
suitable for children who are not familiar with or are unable 
to articulate letters or numbers.

The measures of distance visual function when assessed with 
the 0 D test lens and the test lenses (1 D, 3 D and 5 D) that 
were placed binocularly showed an interesting trend. With 
the 0 D test lens, which served as the placebo, the mean 
LogMAR BVA was identical to the habitual LogMAR BVA 
and the mean stereoacuity was only 4 arcsec worse than the 
habitual stereoacuity and could still be categorised as fine 
stereoacuity. For the assessment of contrast, all participants 
correctly identified all five number optotypes at the lowest 
contrast level (1.25%) with the 0 D lens. Consequently, the 
0 D lens resulted in almost identical measurements for the 
three measures of visual function compared with the habitual. 
This finding suggests that the characteristics of the test lenses 
with the exception of dioptric power and corresponding 
change in centre thickness had a minimal effect on the 
measures of distance visual function. It was also noted that 
the measures of visual function decreased in proportion to 
the dioptric power of the convex test lenses where the 1 D 
and 5 D test lenses had the least and greatest effects, 
respectively. Other studies have also reported the same trend 
where measures of visual function were reduced with 
increasing lens power or density of diffusing filters.16,24,30 
Even though the 1 D test lens influenced acuity, stereopsis 
and contrast, the study findings suggest that the 3 D and 5 D 
test lenses resulted in a substantial decrease in all three 
measures of distance visual function. This is because the 
mean VA was eight lines worse whilst the mean stereoacuity 

was more than three times higher than the habitual 
measurements with these two test lenses. In addition, almost 
all participants were unable to achieve any level of contrast 
with the 3 D and 5 D test lenses. As a result, binocular-
induced blur of 3 D or more has the potential to substantially 
reduce distance visual function.

Driving is a complex visual task that involves various visual 
functions and processing for safe and efficient performance.6 
To qualify for a motor cycle or light motor vehicle drivers 
licence (codes A1, A, B or EB) in South Africa, an individual 
requires a Snellen VA of at least 6/12 (equivalent to 
0.3 LogMAR) and visual field of at least 70° in each eye with 
or without refractive correction.33 If the individual is 
monocular or either the VA or visual field requirements are 
not meet in one eye, a Snellen VA of at least 6/9 (equivalent 
to 0.18 LogMAR) and total horizontal visual field of at least 
115° is required in the other eye.33 To qualify for a heavy 
motor vehicle drivers licence (code C1, C, EC1 or EC) in 
South Africa, an individual requires a Snellen VA and visual 
field of at least 6/9 (equivalent to 0.18 LogMAR) and 70° 
temporal, respectively, for each eye with or without refractive 
correction.33 In this way, the visual requirements for a driver’s 
licence in South Africa are consistent with the trend in many 
other countries where VA and visual field are used to 
determine eligibility.6,34 The discussion related to visual field 
will be omitted as this aspect of visual function was not 
assessed in the present study. An early study found that 
peripheral visual fields were not affected by optical blur.18

The results of the present study in relation to the VA 
requirements for a South African drivers licence showed an 
interesting pattern. The 1 D test lens when placed before 
both eyes resulted in a mean BVA of 0.24 LogMAR, which 
is equivalent to a Snellen VA that is between 6/10 
(0.2 LogMAR) and 6/12 (0.3 LogMAR). Consequently, this 
finding suggests that an individual with 1 D of binocular 
blur is likely to meet the VA requirements for certification of 
a motor cycle or light motor vehicle drivers licence. 
However, the impact of 1 D of binocular blur on the other 
two visual functions assessed in this study showed that 
stereopsis was more than two times worse than the habitual 
whilst more than 60% of participants were unable to achieve 
the same contrast level when no test lens was placed before 
the two eyes. As driving is a dynamic activity that is often 
undertaken in different luminance levels and at intermediate 
distances, optimal levels of contrast and distance stereopsis 
are important as they have a positive impact on driving 
performance.6,35 The results of this study imply that 1 D of 
binocular blur may have a more substantial effect on 
distance stereopsis and contrast than VA if its impact is 
considered in relation to the demands of a task like driving 
especially at night or when it is raining and overcast. The 
problem of only assessing VA in a very specific environment 
(such as a clinical setting) and using this as a measure of an 
individual’s ability to perform visual tasks like driving in a 
real-life setting has been described extensively.6,15 This is 
because a VA assessment with a high-contrast test chart 
may not always be reflective of an individual’s ability to 
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function in the real-life setting.2,8,15 Thus, the results of this 
study support the claim that in addition to a high contrast 
VA measurement that other aspects of visual function 
should be incorporated into a more practical assessment of 
vision screening for the certification of a driver’s licence.6,15,34 
It is also recommended that dynamic VA, which is assessed 
in sports vision, be measured in future studies.

It is important to consider the methodology of the present 
study, particularly the characteristics of the sample and the 
method used to induce blur and the results related to the 
habitual visual function. Only healthy participants were 
included in this study to assess the effect of induced blur on 
measures of distance visual function as has been done in 
several other studies.10,16,24,31 The rationale for using a sample 
with specific characteristics was to enhance understanding 
of the effect of blur on acuity, stereopsis and contrast whilst 
controlling for other factors that are known to affect these 
measurements.16,24 This study used convex lenses to induce 
blur, which is consistent with the methods used in previous 
studies.10,13,16,17,18,19 Even though it is acknowledged that using 
convex lenses to induce blur may not share the same 
mechanism of blur that occurs because of ageing and/or 
pathological ocular conditions, the study findings provide 
insight into the effect on blur on acuity, stereopsis and 
contrast. Moreover, it may provide eye care personnel with a 
reasonable inference of what clinical measurements of 
stereopsis and contrast may be expected for a particular 
LogMAR BVA measurement. The mean habitual BVA and 
stereoacuity findings in this sample of young healthy 
adults is consistent with the findings of other studies 
involving normal samples. For instance, Subero et al.19 and 
Singh et al.,30 who also studied the effect of induced blur 
using lenses on different visual functions, reported a mean 
best corrected VA of −0.01 and 0 LogMAR, respectively, 
which is similar to the VA in the present study (0.01 
LogMAR). The mean stereoacuity in the present study was 
29 arcsec and compares favourably with the mean of 20 
arcsec reported by Odell et al.24 using the Frisby Davis 
distance real depth stereo test. 

Strengths of the study include using a sample of healthy 
young adults and standardised data collection procedures 
that helped to control the influence of extraneous factors 
(such as monocular cues, age, ocular diseases, etc.) on the 
measures of acuity, stereopsis and contrast. Also, the study 
used randomised presentation of the test lenses, visual 
function tests and optotypes as well as reset the Howard–
Dolman apparatus to minimise the impact of the learning 
effect when repeatedly assessing the different visual 
functions. This study has some limitations, which may 
influence the interpretations of the study findings. Firstly, the 
study only used spherical lenses and if cylindrical lenses 
were used to induce astigmatic or meridional blur it is likely 
that the effects on the measures of distance visual function 
would be different. Also the study was unable to separate the 
effect of defocus blur on VA and contrast as both these visual 
functions would have been simultaneously reduced when 

blur was induced. The study used convex lenses to induce 
blur and this may be different from habitual blur as a result 
of uncorrected ametropia. Therefore, it is recommended that 
future studies include individuals with habitual blur and 
emmetropes with induced blur so that a comparison can be 
made between the measurements of visual function in 
these two conditions of blur. Lastly, the testing procedures 
measured static visual function and were performed in a 
controlled clinical environment. Consequently, future studies 
should consider measuring these three visual functions 
dynamically and in a real-life environment.

Conclusion
The present study assessed the effect of induced blur on 
three measures of distance visual function including BVA, 
stereoacuity and contrast. Induced blur reduced all three 
measures of distance visual function and this decrease was 
proportional to the level of induced blur. As the low 
amounts of induced blur (1 D in the monocular and 
binocular conditions) also showed reduced distance visual 
function, it is recommended that small refractive errors be 
corrected as they have an impact especially on stereopsis 
and contrast. Both the Howard–Dolman apparatus and Lea 
low contrast test were sensitive to binocular and monocular 
blur and the findings related to these tests provide eye 
care personnel with a reasonable inference of the expected 
distance stereoacuity and contrast for a particular level of 
LogMAR BVA. This may be important especially when 
screening uncorrected ametropes for eligibility for a driver’s 
licence as this usually involves only a high contrast VA 
measurement. 
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