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Introduction
The measurement of vision utilizing charts in the clinic is most 

often done with one chart using one or a minimal set of contrasts of 
black letters or gratings that are presented against a white background 
of one luminance and in a single, moderate photopic environment 
represented by the examination lane. However, the results of chart 
testing have been shown not to scale reliability with activities of 
daily living in other contrast or luminance environments [1,2] or to 
correlate with performance in tasks such as reading [3-6] or driving 
[7]. Although there are charts commercially available that present 
reduced contrast letters or sinusoidal gratings against a photopic 
standard background illumination, often presented with focal glare 
sources, or at reduced luminance such as the Smith-Kettelwell SKILL 
card [8], nevertheless, severe criticism has been raised about their 
thresholding endpoints [9,10] and their ability in the clinic to define the 
visual function of the patient under the extremely variable real world 
mesopic or photopic environments with or without glare. Furthermore, 
the 1 to 4 second fixations that are usually allowed for chart testing 
do not mimic fixations that are typically required for daily activities 
(e.g. driving, facial recognition, or reading [11-14], and chart testing is 
biased by the termination criteria by the examiner and by whether the 
examiner had access to the results of prior testing [15,16]. Measuring 
acuity with a chart, therefore, most often does not enable the physician to 
understand and treat the failings (and complaints) of the patient. In order 
to understand the vision problems in eyes with pathology, a vision test that 
mimics real world visual task requirements is desperately needed [17-21].

The Central Vision Analyzer (CVA, Sinclair Technologies, 
Media, Pa), is a clinical device that rapidly measures central acuity 
under contrast and luminance conditions that simulate real world 
environments encountered during routine day and evening activities 
and presented at durations that mimic the visual fixations required 
during those tasks. The CVA utilizes an interactive computer program 
that presents a fixation cross against which Landolt C’s are flashed for 
250 msec (similar to fixation times measured in common activities 
[15,16]), centered on a cross against a background pedestal that 
precedes the C presentation by 300 msec in order to prevent retinal 
adaptive persistence of the fixation cross. At each presentation the C 
is tumbled one of four positions; within 4 seconds the patient must 
respond his or her recognition of the correct position by pressing one of 
4 buttons on a response pad (Figure 1). Beginning at 20/100 and based 
on the responses, the program enlarges or contracts the C in a reversing 
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Abstract
Purpose: The Central Vision Analyzer (CVA) is an interactive, automated computer device that rapidly thresholds 

central acuity under conditions mimicking customary photopic and mesopic activities. In sequence, the CVA may 
test up to 6 environments, and in this series was used to test 3 mesopic environments (98% and 50% MC against 
1.6 cd/m2 background, 25% MC against 5 cd/m2), then 3 glare environments (98%, 10% and 8% MC, against 200 
cd/m2 background). This report compares the CVA thresholded acuity with that measured utilizing standard letter 
acuity charts.

Methods: In 481 normal eyes acuity was measured with best spectacle and contact lens refraction using both 
CVA and 0.1 logMAR ETDRS charts presenting similar contrast and luminance. In addition for 162 emmetropic, 
eyes, acuity was tested with a 15% MC chart placed outdoors with sun overhead and with sun at 15° off-axis and 
compared with the CVA thresholded acuity at 10% and 8% MC presented in a darkened room. 

Results: All CVA modules demonstrated high Pearson correlation coefficients (r=0.51 to r=0.94, p<0.01), Bland 
and Altman statistical similarity with the acuity measured from similar contrast charts as well as between the acuity 
measured with a 15% MC letter chart with the sun overhead and CVA 10% glare module and between acuity with a 
15% MC chart viewed with the sun 15° off-axis and that with CVA 8% glare module presented in the darkened room.

Conclusions: The CVA demonstrates the ability to accurately threshold the acuity of normal eyes compared 
with chart acuity under conditions of contrast, luminance and fixation times simulating normal photopic and mesopic 
activities and appears to provide the clinician rapidly with a better understanding of visual function under a variety 
of day and evening tasks.
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staircase with progressively diminishing steps (6:4:2:1 of logMAR 0.05 
steps) until a threshold is reached, determined by two correct responses 
at the lowest logMAR 0.05 presentation with two incorrect responses 
at one logMAR 0.05 step smaller. This thresholding method represents 
a derivation of the more elaborate PEST [17,18]) and probit analysis 
methods balancing the requirements of clinical expediency (requiring 
less than 1-2 minutes for testing an eye under as many as 6 different 
contrast and luminance conditions) and an accuracy approaching the 
true threshold of psychophysical testing within approximately 3.5% of 
that determined by the PEST threshold when conducted under similar 
conditions (PEST [22,23]). As noted, several modules of different 
luminance and contrast conditions may be selected for testing an eye 
during a single testing session; the testing conditions for each CVA 
module that were utilized in this study are reported under the Materials 
section.

Prior reports conducted with the CVA have demonstrated 
significant vision abnormalities associated with a number of ocular 
pathologies in spite of good acuity measured with a high contrast chart 
and certainly verify the value of such testing toward understanding 
patient complaints [24-27]. The study reported here attempts to provide 
validation of the CVA by examining the CVA acuities measured in 
normal eyes compared with acuities measured using letter charts that 
present similar luminance and contrast conditions as well as utilizing 
charts placed in photopic situations with sun glare. The details of the 
CVA modules and charts utilized in this study are presented in the 
Materials section.

Materials Utilized for the Study
For this study, the CVA in sequential fashion was designed to measure 

vision first in 3 mesopic and then 3 photopic, glare environments; the 
contrast and luminance levels are presented in Table 1a. Together with 
the relative dark background of the instruction animations and practice 
test, this allows approximately 1.5 minutes for the subject to adapt to 
the mesopic luminance levels before testing commences. The testing 
begins with 98% MC white, Landolt C’s presented against a 1.6 cd/m2 
background to define the optimal acuity as this has been shown in a 
number of studies to be better than with the typical black letters against 
a white field [28-31]. The letter contrast presentation for each of the 
subsequent mesopic modules was chosen after defining the vision tasks 
for each activity, following the general outlines of Johnson [32] (in 
these two cases, restaurant dining and driving at dusk). Camera RAW 

images were taken from the observer’s perspective of several scenes 
representing the vision tasks of an activity with a Gretagmacbeth 
color contrast gradation card (Xrite, Grand Rapids, Mi), placed 
perpendicular to the camera angle in the scene to provide a standard 
of contrasts against which the visual task elements were measured. 
Sufficient bracketing images were taken to provide a linear range of 
luminance for all components within 60 degrees of the fixated targets. 
From the RAW images, and direct luminance measurements of the 
Gretagmacbeth card, the CIE color space contrasts were calculated 
for each element and adjacent background (defined by the corrected 
Euclidean distance between the two points in L*a*b* color space, 
divided by the maximum luminance, ΔE/L*) [33,34] representing 
a derivation of the local, band-limited contrast evaluation devised 
by Pelli [35]. The components of each vision task associated with an 
activity (for example facial recognition and menu reading, among 
others for the activity restaurant dining) were ordered according to 
weighting of the subjective importance defined by participants of the 
activity (in each case no fewer than 10 persons), and then examined 
to define those that required the finest resolution among the higher 
ranked. The average of these ΔE/L* contrasts was utilized to create 
the contrast of the gray Landolt C flashed against the average of the 
background luminance.

The effect of glare from light sources within the environment was 
evaluated by calculating the luminance (from the bracketed images) 
and the angular distance from the fixated targets of each light source. 
The data of Vos [36] was used to calculate the influence of the off-axis 
veiling glare on the reduction in perceived contrast for a 30-year-
old individual, and this adjusted contrast was used for the presented 
Landolt C. Integration was performed for extended light sources (such 
as windows that back lit the fixation elements) as per Vos [36].

The photopic/glare modules first present Landolt C’s at 98% 
MC against 200 cd/m2, chosen to compare with the measured acuity 
obtained using the same high contrast, ETDRS, logMAR chart, although 
the room luminance during testing (<3 cd/m2) is less than the 85 Cd/
m2 recommended [37]. For the additional two modules, contrasts that 
are encountered while playing golf and tennis in sun environments 
were evaluated in the same fashion as above using bracketed camera 
RAW images. However, we recognize that standard monitors cannot 
possibly present the luminance of sunlit environments. Therefore, the 
effect of glare was evaluated by altering the contrasts according to Vos 
[36] assuming a sun luminance of 20,000 cd/m2. The contrasts of the 
finer resolution tasks when playing tennis or golf averaged 15% MC. 
For a 30 year-old individual playing with the sun overhead but slightly 
forward of the subject, this is equivalent to visualizing a 10% MC target, 
and with the sun at 15° off-axis, an 8% MC target [36]. CVA testing 
with these resultant contrasts should approximate the acuity measured 
under those glare conditions allowing comparison of the subject’s 
acuity with that of a 30 year-old.

In the study reported here, the acuity was measured in all eyes 
utilizing the CVA 6 modules discussed above presented on a monitor 
in a room darkened to less than 5 cd/M2 and was also measured with a 
series of 6 ETDRS design, Sloane letter, 0.1 logMAR charts [37] back-lit 
in a standard 85 cd/m2 illuminated cabinet (PrecisionVision, La Salle, 
IL) and presented in the same darkened room. The charts presented 
gray-black letters at a luminance and Michelson contrast that matched 
each CVA module and were in the same order as the CVA module 
testing. For the mesopic modules, the luminance of the letters of each 
chart was reduced to match that of the CVA respective module by 
using neutral density filters (Sapsis Rigging, Landowsne, Pa) placed 

 

 

Figure 1: Patient with response pad that contains buttons in a diamond allowing 
response to the tumbled C position presented on the monitor when viewed in a 
mirror at the opposite end of the room (not shown).
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the sky, with the sun overhead, but forward of the subject, and then 
the vision was measured again with the sun at 15° off-axis as defined 
with a protractor. Testing with the 15% MC chart out-of-doors was 
compared with the CVA testing performed at 10% MC and 8% MC in 
the darkened room.

Statistical analysis

Comparisons were made between the acuity measured with each 
CVA module and that measured with the logMAR chart presenting 
similar Michelson contrast letters, although for the mesopic modules, 
it should be noted that, since charts cannot be obtained with white 
letters against a black background, the acuity was measured utilizing 
gray letter charts of similar luminance and contrast but against a white 
background. The acuities measured with the photopic CVA modules, 
which presented gray letters against a white background, were compared 
with acuities measured with charts presenting gray letters of the same 
MC (Tables 2a and 2b). The results for each CVA module or chart were 
first tested for normal, parametric distribution by Levene’s Test for 
Equality of Variances [45]. General Estimated Equation (GEE) analysis 
and General Linear Models (GLM) analyses correction were performed 
to define the influence of including both eyes for each patient [46-48]. 

For each luminance and contrast environment, the mean 
and standard deviation were calculated for the differences of the 
measurements by the two methods; Pearson correlation coefficients 
were examined, and Bland and Altman statistics [49] calculated to 
examine for significant differences. Bland and Altman graphs were 
developed for each CVA module tested in comparison with the 
corresponding ETDRS chart (plotting differences versus averages of the 
two, example Figure 2).

To evaluate test-retest reliability of each CVA module in comparison 
with that of the chart of similar contrast and luminance, in 20 eyes of 
20 of the subjects the CVA and chart testing were both conducted twice 
in the same order with a 30 minute break in between. Reliability was 
calculated again after the method of Bland and Altman [49].

Results
481 eyes of 241 normal subjects (Tables 2a and 2b) were tested with 

both the CVA modules (Table 1a) and with the series of logMAR charts 
to which they were compared (Table 1b). The mean age and range of all 
of the 3 refractive groups was similar as assessed by a one-way ANOVA 

in front of the chart. The luminance and contrasts (Tables 1a and 1b) 
were verified by spot photometer readings (Sekonic L558, Sekonic 
Industries). The CVA monitor luminance and C contrasts were 
controlled using monthly colorimeter recalibration (Huey Pantone, 
Carlstadt, NJ). 

Patients and methods

This research adhered to the tenets of the Declaration of Helsinki, 
and IRB approval was obtained. Subjects were recruited above 18 
years of age; all persons signed informed consent. Normal eyes were 
included as defined by a negative ocular or systemic history and a 
normal ocular examination utilizing 90 D biomicroscopy to examine 
the fundus without pupil dilation. The refractive error was within ±5.00 
diopters with astigmatism <1.00 D and with a difference between eyes 
of astigmatism <0.50 D and spherical equivalent <1.00 D. The LOCS 
III [38] graded lens opacity was < NO1, NC1 for ages 15-50, < NO2, 
NC2 for ages 51-65, and without cortical or PSC opacity observed 
within the pupil under dim light. Eyes were excluded if a corneal 
surface irregularity was detected felt to impact vision by producing an 
aberration of more than 0.4 mm corneal radius curvature. Tear film 
stability was assessed using tear break-up times [39] with >10 seconds 
considered normal. The surface of the contact lens was assessed for 
deposits, wetting and fit, excluding eyes if not within normal limits 
[39,40].

The order of testing with the CVA or with charts was randomized 
along with the eye tested first. All vision testing was performed in the 
same darkened room, maintained below 3 cd/m2 (except for the glare 
testing as noted below). Eyes with myopia or hyperopia underwent 
testing with a trial frame containing lenses with anti-reflective coatings 
and with hydrogel, PureVision contact lenses (Bausch and Lomb, 
Rochester NY) with a break of 30 minutes between. Prior to testing, 
over-refraction was performed with contact lenses to determine there 
was no residual astigmatism. Testing with the charts was performed as 
per the recommendations of the ETDRS manual [41]; the acuity was 
scored by total letter count (TLC) converted to logMAR [42-44].

The hypothesis that the CVA presentation in the glare modules 
at 10% MC and 8% MC mimics viewing a 15% MC target against its 
background with the sun overhead and with the sun at 15° off-axis 
was also tested. On a sunny day, each of the emmetropic patients was 
positioned such that a 15% ETDRS chart was viewed outside, against 

S.no CVA modules MC Michelson 
Contrast Letter Letter luminance 

cd/m2
Background 

luminance cd/m2 Test simulates

1 CVA 98% Mes. 98% White 220 1.6 Mesopic – high contrast
2 CVA 25% Mes. 25% Grey 8.4 5 Mesopic – restaurant dining
3 CVA 50% Mes. 50% Grey 4.8 1.6 Mesopic – driving at dusk
4 CVA 98% Pho. 98% Black 1.6 220 Photopic –high contrast
5 CVA 10% Glare 10% Grey 180 220 Photopic glare – golf, sun over head
6 CVA 8% Glare 8% Grey 186 220 Photopic glare – golf, sun 15° off-axis

S.no Chart tests MC Michelson
Contrast

Letter Letter
luminance cd/m2

Background 
luminance cd/m2 Test simulates

1 ETDRS 97% 97% Black 1.6 100 Mesopic – high contrast
2 ETDRS 25% 25% Grey 8.5 5.1 Mesopic – restaurant dining
3 ETDRS 50% 50% Grey 1.6 4.8 Mesopic – driving at dusk
4 ETDRS 10% 10% Grey 81 100 Photopic – golf, sun overhead
5 ETDRS 8% 8% Grey 85 100 Photopic – golf, sun 15° off-axis

Tables 1a and1b: The order of a) CVA module testing and b) ETDRS chart testing is presented with the letter and background luminance for each test. MC=Michelson 
Contrast, cd/m2=Candelas per meter squared.

http://www.arvo.org/About_ARVO/Policies/Helsinki_Declaration/
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Age groups (years) Emmetropic eyes (#Patients) Myopic eyes (#Patients) Hyperopic eyes (#Patients)
18 – 30 56 (28) 54 (27) 62 (31)
31 – 50 56 (28) 44 (22) 63 (32)
51 – 65 50 (25) 53 (27) 43 (23)

Total 162 (81) 151 (76) 168 (84)

Table 2a: Arrangement of age groups is presented for the emmetropic, myopic and hyperopic eyes tested with both the CVA and ETDRS charts. Note: The myopic and 
hyperopic eyes were tested with best correction using both contact lenses and spectacle lenses. The one-way analysis of variance (ANOVA) is utilized to determine whether 
there are any significant differences between the age groups.

Anova testing three age groups

Samples
1 2 3 Total

N 162 151 168 481
-X 6234 5831 6483 18548

-Mean 38.4815 38.6159 38.5893 38.5613
-X2 269326 257147 284855 811328

Variance 182.8102 213.1848 207.6686 200.1926
Std.Dev. 13.5207 14.6008 14.4107 14.1489
Std.Err. 1.0623 1.1882 1.1118 0.6451

ANOVA Summary
Source SS df MS F P

Treatment/between groups 16.137 2 0.8069 0 1

Table 2b: Anova testing three age groups

 

Figure 2: Bland and Altman Graph presenting the difference between logMAR acuity measured with CVA at 50% Michelson contrast (white letter on a black 
background) and the visual acuity measured with the ETDRS chart of the same contrast (black letter on a white background) calculated by total letter count (TLC) 
plotted against the average of the two measurements. Horizontal lines represent the 95% confidence limits (logMAR). Total number of eyes measured 481.

evaluation (Tables 2a and 2b). 

The acuity data demonstrated a normal distribution, as examined 
by Levene’s Test for Equality of Variances for all eyes measured with 
each CVA module and matching chart. Among all of the eyes tested 
and all refractive groups, the best acuity was obtained with the 98% 
MC mesopic white-on-black module (averaging -0.01 ± 0.21 logMAR) 
with a similar but slightly poorer acuity measured with the 98% MC 
module that presented black Landolt C’s against the white 100 cd/M2 

background (+0.01 ± 0.19 log MAR). In comparison, the two mesopic 
modules, the first presenting Landolt C’s at 25% MC against 5 cd/m2 
(representing restaurant dining) demonstrated a worsening of acuity to 

a mean of 0.44 ± 0.34 logMAR and then a decline 0.37 ± 0.42 logMAR 
when tested at 50% MC at 1.6 cd/m2 (representing driving at dusk). 
For the 10% photopic glare module (representing golf or tennis with 
the sun overhead) the measured mean acuity declined to 0.25 ± 0.23 
logMAR and at 8% MC (representing the same sports with the sun off- 
axis at 15 degrees) the mean acuity declined to 0.29 ± 0.25 log MAR.

The Pearson correlation coefficients between the acuities measured 
with each CVA module and the corresponding logMAR chart are 
presented in Table 3. The Pearson correlation coefficients were greater 
than 0.8 for all modules (p<0.001) except the 98% photopic, glare module, 
which was greater than 0.5 (p<0.001). Similar Pearson correlations were 
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obtained for all CVA modules compared with the logMAR charts when the 
total group was subdivided with regard to age or refractive error.

The average difference between the two tests performed in the 
same patient was negative for all CVA modules (Table 4a), indicating 
that the CVA acuity was smaller (better) than that obtained with the 
similar contrast chart; however the standard deviation of the difference 
remained below 0.1 logMAR, the test-retest reliability of either test 
(Table 4b) indicating that the two tests are essentially similar. Figure 
3 demonstrates a box and whisker plot of the differences in acuities 
measured with each CVA module and with the corresponding chart for 
all eyes; the outliers are also included and are marked with their ages, 
demonstrating a spread across all ages. 

The sigma (standard deviation) of the differences between the acuity 
measured with the CVA and that measured with the corresponding 
chart were similar to the test-retest differences of each test confirming 
that the two tests are similar as suggested by Bland and Altman [49] 
and as confirmed by others of chart test-retest measurement [43,44,50]. 
The sigma of the acuity difference between each CVA module and the 
compared logMAR chart, according to Bland and Altman [49], should 
be corrected with the test-retest sigma for each of the tests (according 
to the function =√ SD+¼ * SD1

2+¼ * SD2
2). The corrected sigma’s are 

presented in Table 4a, varying between 0.09 and 0.2 logMAR. The mean 
of the test-retest difference in logMAR for each CVA module and that 
of the chart to which it was compared was close to 0 confirming that 
with both tests there was no learning effect. 

When the acuity was measured with a 15% MC logMAR chart 
placed outdoors with the sun overhead, the vision correlated with that 
obtained using the 10% MC CVA black-on-white glare module tested 
in the darken room (Pearson correlation r=0.968, p<0.001). When the 
15% chart was placed with the sun at 15o off-axis from fixation, the 
vision correlated with the vision measured in the darkened room using 
the 8% contrast CVA module (Pearson correlation r=0.975, p<0.001). 
Discussion

In this study, similar to others, substantial changes in central acuity 
were noted when tested under conditions varying in contrast and 
luminance. The best acuity was obtained with 98% MC, white letters 

presented against a dark background, -0.01 ± 0.19 log MAR, with a 
slightly larger value in these normal eyes obtained when testing with 
98% MC black letters against a white background. The decline in acuity 
to 0.25 ± 0.23 logMAR at 10% MC and to 0.29 ± 0.25 logMAR at 8% 
MC gray letters against a white, glare background is similar to contrast 
sensitivity measurements performed previously [14]. In this study 
the decline in acuity under mesopic environments was even greater, 
measuring 0.44 ± 0.34 logMAR at 25% MC against a background of 
5 cd/m2, representing vision tasks in a dim restaurant and to 0.37 ± 
0.42 logMAR at 50% contrast against a background of 1.6 cd/m2, 
representing vision tasks required while driving at dusk. This decline in 
acuity appears similar to observations made with charts under similar 
mesopic conditions reported by Olsen et al. [51-53].

The acuity measurements obtained with each CVA module 
correlated closely with acuity measured utilizing charts that presented 
similar Michelson contrasts. The Pearson correlation coefficients (Table 
3) were greater than 0.8 in all modules except for the 95% photopic/
glare module, which was greater than 0.5. We believe the correlation 
coefficient recorded for this module was reduced because, in the testing 
sequence, it appeared immediately after the mesopic testing when the 
eye was relatively dark adapted and then presented with the high glare 
monitor background. Nevertheless, the correlation for this module, as 
with the others, was still very significant (p<0.001). 

For 5 of the 6 modules the sigma of the difference between the 
acuity measured with the CVA and that measured with the similar 
contrast and luminance logMAR chart ranged between 0.07 logMAR 
and 0.13 logMAR, similar to the sigma of test-retest differences 
measured with all CVA modules and charts measured among these 
subjects (Table 4a), usually lying between 0.05 and 0.12 logMAR, and 
similar to test-retest reliability measurements previously reported for 
TLC measurements with ETDRS high contrast charts among normal 
young subjects (typically a sigma of 0.07 to 0.09 logMAR [42,43,50,54-
56]). The only sigma of the difference between CVA and chart tests 
that was greater was for the high contrast photopic CVA module 
when compared with the photopic high contrast chart testing (sigma 
of 0.2 logMAR), which again was most probably due to this module 
appearing in sequence immediately after the mesopic testing. The mean 

Number of comparisons ETDRS 97% ETDRS 25% ETDRS 50% ETDRS 10% ETDRS 8%
Pearson correlation coefficient (significance)

CVA98% Mes. 481 0.88 (p<0.01)
CVA25% Mes. 481 0.94 (p<0.01)
CVA50% Mes. 481 0.93 (p<0.01)
CVA 98% Pho. 481 0.51 (p<0.01)
CVA10% Glare 481 0.94 (p<0.01)
CVA 8% Glare 481 0.93 (p<0.01)

Table 3: Pearson correlation coefficients are presented between the acuity measured with each CVA module and that measured with the respective chart presenting similar 
luminance and contrasting letters; the MC=Michelson Contrast

Table 4a: Mean and sigma (+/- 1SD) of the Differences between the CVA module and chart testing are presented along with the Reliability Test-retest Sigma of CVA and 
chart testing. *Corrected Sigma is the sigma that is corrected according to Bland and Altman in which the sigma of the difference (logMAR) of the two tests is modified by 
the measured sigmas of test-retest differences for each of each test (=√ SD+¼ * SD12+¼ * SD22) 

Mean diff of tests Sigma diff of CVA and 
ETDRS

Sigma diff CVA test-
retest

Sigma diff ETDRS test-
retest

Corrected Sigma of test 
differences*

Mesopic CVA - ETDRS 98/7% -0.08 0.09 0.12 0.06 0.11
Mesopic CVA - ETDRS 50% -0.06 0.1 0.09 0.1 0.12
Mesopic CVA - ETDRS 25% -0.04 0.13 0.05 0.11 0.15

Photopic CVA - ETDRS 98/7% -0.09 0.2 0.09 0.06 0.20
Photopic CVA - ETDRS 10% -0.07 0.07 0.12 0.04 0.10
Photopic CVA - ETDRS 8% -0.06 0.09 0.05 0.04 0.09
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of the test-retest differences for each CVA module as well as testing with 
the chart was close to zero (Table 4a) confirming that with both tests 
there was minimal learning among the patients studied. 

As explained previously, the CVA mesopic modules presented 
a background luminance that was different from the background 
luminance of the logMAR chart to which the acuity measurement 
was compared, with the CVA module presenting brighter letters than 
the background whereas the chart presented letters darker than the 
background but matched for the luminance of the letter and for the 
absolute Rayleigh-Michelson contrast. Prior studies have examined 
the change in acuity when the letter and background luminance were 
reversed (with similar contrast but reversed polarity) [30-32]; although 
the bright letter against the dark background resulted in an improved 
acuity in those studies, the difference observed for subjects of similar 
age as in this study was similar to the differences noted here. 

When the outliers were examined (outside of the 95% confidence 
limits of the difference between the acuities), a predominance of older-
aged subjects was anticipated as had been noted in prior studies [28,29] 
due presumably to increased intraocular light scatter. However, in this 
study the outliers were spread among all ages of these normal subjects 

 ETDRS 97% ETDRS 25% ETDRS 50% ETDRS 10% ETDRS 8%
Avg -0.03 0.04 0.1 0.02 0.01

Std. dev. 0.05 0.07 0.05 0.02 0.02
95% CI 0.11 0.14 0.1 0.05 0.09

 

 CVA 98% 
Mes. CVA 25% Mes. CVA 50% Mes. CVA 10% Glare CVA 8% Glare CVA 98% Pho

Avg -0.06 0.02 0.02 -0.02 0.07 -0.03
Std. dev. 0.06 0.04 0.06 0.04 0.03 0.04
95% CI 0.13 0.09 0.11 0.08 0.07 0.08

Table 4b: Mean, standard deviation and 95% confidence interval for test-retest of ETDRS charts and CVA modules presenting similar Michelson contrasts.

 
 Figure 3: Box and whisker plot of the difference in logMAR acuity between each CVA module and the ETDRS chart (scored by total letter count) presenting the 

same Michelson Contrast. The plot depicts the median, 25%, and 75% quartiles; the whiskers represent 95% confidence limits. The outliers are marked with 
asterisks for those beyond 1.5× the box length and with stars for those beyond 3.0× box length. Each of the outliers is presented with the patient’s age.

(Figure 3). In addition among the outliers, both cases of worse chart or 
worse CVA acuity were observed (Figure 3). 

Among the three photopic glare CVA modules, a slightly better 
acuity of 0.05 to 0.08 logMAR was measured with the CVA than that 
measured with the logMAR chart, even though the CVA presentation 
time was limited to 250 msec compared with 1 to 4 seconds often taken 
to scrutinize a letter on a chart. The reason for the better acuity obtained 
with the CVA modules is unclear but may be due to the slightly higher 
background luminance of the CVA monitor compared with that of 
the letter charts. However, the difference in acuity was less than 0.08 
logMAR in all cases, less than the test-retest reliability for both CVA 
and chart testing and compares with differences in acuity measured in 
prior studies when the Rayleigh-Michelson contrast was held constant 
but changes in the background luminance were introduced that were 
similar to those of this study [56-58]. 

In this study, the visual acuity measured with the 10% and 8% glare 
modules closely paralleled the 15% contrast letter chart placed in the 
sunlit conditions, in the first case with the 15% chart placed such that 
the sun was overhead, but forward of the subject and in the second with 
the sun at 15° off-axis from fixation. This supports the prior work of Vos 
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[36] that the alterations of vision in such environments with veiling glare 
are dependent upon the relative severity of the glare and its position off-
axis and indicates that a test of visual performance under daylight glare 
can be conducted in a darkened room using such a computer monitor 
by reducing the contrast appropriately. In this validation study the pupil 
sizes were not carefully measured or controlled, but none-the-less, the 
correlations remained high with small Bland and Altman differences. 
Other studies have examined the changes in acuity measured with the 
CVA in eyes with various media opacities or following cataract surgery 
[24,25] and in eyes with macular pathology [25-27].

 It may be criticized that in this study both eyes of the subjects 
were utilized, but in all a significant number of eyes were tested (481) 
and GEE and GLM analyses demonstrated no significant influence 
of utilizing both eyes of an individual. In the GLM model analysis 
(logistic regression) binary response variables included subject and 
time as covariates while the analogous GEE model takes into account 
correlation between measurements at multiple time points. 

Conclusion
This study has demonstrated that the new CVA interactive program 

produces visual acuities under an assortment of lighting and contrast 
conditions that are very similar to acuities measured using letter charts 
with the same contrast placed in similar lighting conditions when 
testing is conducted in normal eyes under the age conditions examined. 
The advantage of the CVA is that, unlike the chart, logMAR 0.05 steps 
in letter size can easily be implemented to improve the sensitivity of 
the test as recommended by Rosser [42] and several environmental 
conditions can be tested in a short testing period of about 2-3 
minutes for both eyes, within the time constraints of the busy clinic. 
Therefore the CVA should allow the examiner to better understand 
the performance of a patient’s vision under a number of environments 
that are encountered during routine day and evening activities. Test-
retest differences are small, indicating minimal learning and are similar 
for both the CVA and chart testing in the normal population studied 
validating the testing methodology of the CVA. If the validation were 
to be conducted in eyes, for example with macular pathology, we would 
not expect such a similarity, since in such eyes the patient often reads the 
chart extremely slowly and omits letters because of axial and paraxial 
scotomata that require them to search until the better functioning 
portions of the visual field are overlaid on the individual chart letters. 
For such eyes, we believe the acuity obtained with the CVA will portray 
a better relationship with real world vision task performance than that 
obtained with chart testing.
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