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Reliability of the CSV-1000 in Adults
and Children

Susan A. Kelly*, Yi PangT, and Stephanie Klemencic*

ABSTRACT

Purpose. Test-retest reliability of the CSV-1000 (Vector Vision) has only been reported for one adult sample. We
measured the reliability of this instrument in both children and adults and also investigated the effect of changing the
examiner on test-retest reliability.

Methods. Test—retest log contrast sensitivity (CS) measurements were obtained for 19 young adults and 15 children by the
same examiner. Test—retest log CS data were obtained from 21 young adults with different examiners. Reliability was
calculated using the Bland-Altman limits of agreement, the coefficient of repeatability (COR), and the intraclass
correlation coefficient.

Results. All three estimates of reliability for the CSV-1000 chart are low for both children and adults using the standard
recommended testing protocol. If the test-retest log CS data are obtained from the same examiner then the reliability is
improved, but not significantly so.

Conclusions. The reliability of the CSV-1000 is low, even if the same examiner obtains test-retest data. The data indicate
that this test is unlikely to be sensitive enough to provide useful information for the clinician as is, but we suggest

modifications of the procedure that may significantly increase test reliability.

(Optom Vis Sci 2012;89:1172-1181)
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ontrast sensitivity (CS) testing has become an important

clinical tool in the battery of tests used to characterize

patients’ vision. Most clinicians now recognize that visual
acuity is only one measure of visual function and that this partic-
ular measure tests the resolution limit of the visual system. Visual
acuity is correlated with how well an observer can detect and pro-
cess high spatial frequencies. CS, on the other hand, measures how
much contrast is required to detect a particular spatial frequency.
Typically, contrast thresholds are measured across a range of spatial
frequencies, and the reciprocal of these thresholds produces a CS
function (for an excellent review of the history and current CS
testing options, see Owsley').

It is thought that the visual system is composed of a series of
spatial frequency filters, each of which detects and processes a
limited range of frequencies that are further processed and ulti-
mately result in a visual percept. Most visual percepts in our every-
day environment consist of multiple spatial frequencies; that is, if a
given visual image is deconstructed, it would consist of many spa-
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tial frequencies, which when added together (with proper phase,
amplitude, and orientation), would produce the visual image. For
example, the ability to recognize a face requires the detection and
processing of a range of spatial frequencies, whereas the recogni-
tion of a very small letter relies mainly on detection of high spatial
frequencies. Thus, CS testing across a range of spatial frequencies
allows the clinician to more fully understand the visual deficits a
patient is experiencing even if visual acuity is normal or nearly so.
For example, after cataract or refractive surgery, the visual acuity
may be 20/20, but aberrations may degrade the quality of vision
without affecting spatial resolution. As pointed out by Packer
et al.,2 CS correlates highly with functional aspects of daily
living, such as driving difficulty, crash frequency, and postural
stability, while the link between functional disability and CS
impairment is independent of visual acuity loss." CS is also
strongly correlated with reading performance, ambulation mo-
bility, and face recognition.?

The measurement of CS across a range of spatial frequencies
takes time, from many minutes per eye with computer-based
charts to 2 min or less with chart-based systems. It has been sug-
gested that because visual acuity measurements estimate how well
the visual system processes high spatial frequencies, one could then
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just measure CS at the frequency humans are most sensitive to
[which is mid-range and usually between 3 and 6 cycles per degree
(cpd)] and obtain enough information for most patients.* Testing
time is significantly reduced if CS is only measured at the adult
peak spatial frequency. The Pelli-Robson test was designed with
this intention in mind.’ It is a well-designed test that consists of a
series of letter triplets, where each series systematically decreases in
contrast, from 100% at the top of the chart to 1% at the bottom in
0.15 log unit steps. All letters subtend 2.86 deg at a 1-m test
distance. The subject is instructed to identify each letter in a given
triplet and is given credit for identifying two of three letters of a
given triplet correctly. Testing continues until the contrast is so
low the subject can no longer reliably identify two of three letters
correctly. Studies have reported excellent test—retest reliability for
this test for both visually normal observers as well as those with
ocular disease.®~1°

The argument has been made that assessment of intermediate
and high spatial frequencies can provide enough information for
the clinician to assess the function of the patient’s visual system,
and it can do so quickly, as the entire range of spatial frequencies
are not tested. However, there are other authors who point out that
it is important to sample sensitivity across the full range of spatial
frequencies because losses may exist that are not revealed by testing
atonly the peak (i.e., intermediate) or high end of the CS function.
For example, selective losses in CS at low spatial frequencies can
occur in patients with cerebral lesions'' and is an early sign of
malnutrition."* Also, after refractive surgery, visual acuity may be
markedly improved, but losses in CS at low and intermediate spa-
tial frequencies may explain the poor quality of vision that is some-
times reported. The recent report that action video game play can
improve CS across almost all spatial frequencies suggests that eye-
care professionals may now be able to treat losses in sensitivity at
low and mid-spatial frequencies rather than just losses at high
spatial frequencies, as has traditionally been the case.'>~'¢ In addi-
tion, CS measurements obtained across a range of spatial frequen-
cies can more fully monitor the efficacy of a treatment option.

However, the ability of a given CS test to assist in describing
and/or monitoring vision quality depends on its accuracy. Ac-
curacy is a measure of a test’s validity and its reliability. A test is
valid if the test result designed to measure a given variable agrees
with the true value of the variable. Reliability refers to the level
of agreement between the same measurements taken at different
points in time. Tests that lack validity and/or reliability will not
be sensitive enough to detect improvements in CS that might
accompany cataract or LASIK surgery nor will they be able to
detect CS losses that often occur with the development of cat-
aract, age-related macular disease, glaucoma, or other ocular
pathologies. In addition, tests with low test—retest reliability
will have poor agreement with other tests designed to measure
the same variable. In addition, CS measurements must not only
be accurate but also be quickly and easily obtained in a clinical
setting without prohibitive cost.

There are currently several options for CS measurement, but,
unfortunately, none of the available systems that measure CS
across a range of spatial frequencies (as opposed to just peak CS)
can satisfy all of the aforementioned requirements. Computer-
based CS test systems have the greatest potential, which is, as yet,
unrealized. They have the potential to minimize inter-examiner
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variability and to employ criterion-free psychophysical protocols
that accurately measure CS thresholds. The difficulty, however, at
least at this time, is that the protocols needed to produce reliable
data are lengthy, although this may change,'”"'” and the video
monitors needed to provide stable and linear changes in contrast at
low levels are expensive.

An alternative to a computerized test system is to use one of the
readily available and reasonably priced chart-based systems. These
tests measure CS at multiple spatial frequencies and require subjects to
either discriminate the orientation of the sinewave gratings such as the
Vistech (VCTYS), its successor, the Functional Acuity Contrast Test
(FACT), or to detect the presence of a sinewave grating pattern by
indicating its location, such as the Vector Vision CSV-1000 system.
There are other chart-based tests, but these are either very similar to the
Vistech (such as the Sine-Wave Contrast Test) or the FACT (such as
the OPTEC 6500). In our experience, computer-based CS tests can
require up to 5 min per eye, whereas the chart-based tests typically
require 2 min or less for healthy young adults.

Although the CSV-1000 has been used in a number of clinical
studies,?® 22 unlike the Vistech, Pelli-Robson, and other CS tests,
only one study has investigated the test—retest reliability of this
chart in an adult sample??; there were no reports in the literature of
test—retest reliability in children when we began our study, al-
though a report on the test—retest reliability between examiners has
recently been published.?* The present study measured test—retest
reliability of the CSV-1000 in a sample of young visually normal
adults and also in a sample of visually normal children aged be-
tween 5 and 12 years. Reliability was calculated using the following
metrics: (1) limits of agreement [(LoA); both calculated and visu-
ally inspected on the Bland—Altman plot], (2) the coefficient of
repeatability (COR), and (3) the intraclass correlation coefficient
(ICC). The effect of different examiners on test—retest variability
was also examined.

METHODS
Subjects
Adults

Test—retest CS measures were obtained from a sample of 40
visually normal adults [mean age 26.4 years, standard deviation
(SD) = 4.7 years, range 22 to 38 years] and 15 children (mean age
7.7 years, SD = 2.02 years, range 5 to 12 years). The purpose of the
study and testing protocol were explained before participation in
the study, and informed consent was obtained from either the
subject or the subject’s parent/legal guardian. The testing protocol
conformed to the tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board at the Illinois College
of Optometry. All subjects either had had an eye examination
within 12 months of the CS testing or were examined by one of the
authors (SK) before enrollment in the study. If the potential sub-
ject was monocularly correctible to at least 0 logMAR (20/20), free
from ocular pathology, strabismus, and amblyopia, they were en-
rolled in the study. Subjects wore their habitual correction during
testing if needed. The 40 adult subjects were divided into two
groups, one of which had the same examiner for test—retest,
whereas the other had a different examiner for test—retest. Because
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TABLE 1.
Patient characteristics
Best- Average
Mean age  corrected test-retest
n (range) yr VA interval
Adults
Same examiner 19 24 (21-38) =20/20 0.83 months
Different examiner 21 27.9 (22-30) =20/20 3.54 months
Combined 40 26.16 (21-38) =20/20 2.18 months
Pomerance and 24 63.9 =20/40 2.65 months
Evans ('94)
Children
Same examiner 15 7 (5-12) =20/20 2 weeks

the sample size of the children was small (n = 15), we used the
same examiner for both visits. These examiners were the same
examiners who obtained the test—retest measurements for adults.
The sample size, mean age, minimal acuity required for enroll-
ment, and inter-test duration are listed in Table 1 for adults and
children. Similar information is included in Table 1 for the Po-
merance and Evans study.??

CS Measurements

Monocular CS measurements were obtained for all subjects
with the Vector Vision CSV-1000 (Greenville, OH) chart during
two separate visits (see Table 1 for average inter-test interval). The
test consists of a translucent chart that is rear-illuminated by a
tungsten bulb. The unit self-calibrates to produce a mean lumi-
nance of 85 cd/m?. All subjects were tested at the recommended
distance of 8 feet. The CSV-1000 consists of a series of circular
achromatic sinewave patches 1.5 inches in diameter. Across each
row, there are vertical pairs of circles, one of which contains the
sinewave patch while the other is blank but the same space-
averaged luminance as the test patch. There are four rows, each
corresponding to one of four spatial frequencies; 3, 6, 12, or 18
cpd. When selected, a given spatial frequency is rear-illuminated
and the subject is shown a suprathreshold example of the test
pattern. Each spatial frequency is presented at eight different con-
trast levels that systematically decrease from 0.20 to 0.08 in eight
columns from left to right. The subject is instructed to indicate
whether the given test pattern is located in the top or bottom patch.
The manufacturer’s instructions indicate that it is important to
inform the subjects that there are three possible responses: the
sinewave pattern is in the top circle, bottom circle, or neither, the
latter meaning the subject cannot see a pattern in either of
the patches. The contrast threshold is defined as the contrast of the
last column the subject could correctly identify the location of the
sinewave patch. The average inter-stimulus drop in contrast is 0.15
log units between steps 2 and 8; the contrast change between step
1 and step 2 is 0.3 log units.

Testing Protocol

Adults

Twenty-one of the 40 adult subjects were tested as part of a
larger study involved in the collection of normative data for differ-

ent CS tests as a function of age. These “test” or first-visit CS values
were all obtained by the same tester. Retest values for these subjects
were obtained by four new examiners. These 21 subjects comprised
the group where test—retest data were obtained by different exam-
iners. The remaining 19 subjects were both tested and re-tested by
these same four examiners, but in this group, both test and retest
data were obtained by the same examiner. All five examiners were
students at the Illinois College of Optometry who had completed
at least 1 year of the program and thus had experience performing
psychophysical tests. All examiners were trained by the same in-
structor as to how to run the CS test. All data were obtained
monocularly from the subject’s dominant eye. Pilot data indicated
that monocular CS functions required about 2 min or less to com-

plete for both children and adults.

Children

Fifteen children were tested and re-tested by the same examiner
with the CSV-1000 chart. The testing protocol was the same for
children as was described earlier for adults.

Data Analysis

All CS data were converted to log CS for statistical analyses.
Test—retest reliability was calculated separately for adults and chil-
dren. The adult data were analyzed separately depending on
whether they were re-tested by the same or different examiners.
Test—retest reliability was assessed by three measures: (1) the LoA
were calculated with the Bland—Altman technique that also allows
one to look at the bias (sometimes called accuracy), which is the
average difference between test—retest scores,” (2) The COR,
which is calculated as 1.96 times the SD of the test—retest differ-
ences, and (3) the ICC. All statistical analyses were performed with
SPSS (Version 17.0, Chicago, IL). All log CS data and reliability
measures were compared with the study by Pomerance and Ev-
ans®® where applicable.

The role of the examiner was investigated in several ways. As
aforementioned, reliability was measured for subjects with the
same examiner and compared with the reliability measures ob-
tained from subjects tested with two different examiners. In addi-
tion, we analyzed the effect of the four different examiners using a
3-way analysis of variance (ANOVA; visit, spatial frequency, ex-
aminer) and compared the effect of examiner on the reliability
measures described earlier. We also used a 2-way repeated measures
ANOVA to compare the differences between visits for subjects
with the same vs. different examiners.

RESULTS

The mean log CS and SD for test and retest are listed in Tables
2 (adults) and 3 (children). The maximum log CS that can be
obtained on the CSV-1000 is as follows: 2.08 (3 cpd), 2.29 (6 cpd),
1.99 (12 cpd), and 1.55 (18 cpd). The mean log CS was higher for
all spatial frequencies in the current study than those reported by
Pomerance and Evans®? (for subjects with same or different exam-
iners). It is likely that the greater sensitivity exhibited by our two
adult samples is due to their younger average age, as contrast
thresholds typically increase with age.?® Tables 2 and 3 also list the
number of subjects exhibiting a ceiling effect, which indicates that
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TABLE 2.
Mean log CS for adults

Test [mean log CS (SD)] Retest [mean log CS (SD)]
Spatial frequency (cpd) Spatial frequency (cpd)
Adults 3 6 12 18 3 6 12 18
Same examiner (n = 19) 1.83 (0.14) 1.96(0.27) 1.75(0.19) 1.17(0.23) 1.88 (0.18) 2.0(0.19) 1.65 (0.24) 1.24 (0.23)
Different examiner (n = 21) 1.84 (0.16) 2.16 (0.17) 1.7 (0.26) 1.2 (0. 28) 1.86 (0.23) 2.05 (0.25) 1.76 (0.25) 1.31 (0.25)
Pomerance and Evans ('94) 1.55(0.16) 1.76 (0.18) 1.49 (0.23) 0.91 (0. 1.57 (0.15) 1.84 (0.16 1 5(0.15) 0.95(0.23)
No. reaching max log CS 5(12.5%) 7 (17.5%) 5(12.5%) 6 (1 5%) 14 (35%) 12 (30%) 10 (25%) 13 (32.5%)
(out of 40)
TABLE 3.
Mean log CS values for children
Test [mean log CS (SD)] Retest [mean log CS (SD)]
Spatial frequency (cpd) Spatial frequency (cpd)
Children 3 6 12 18 3 6 12 18
Same examiner (n = 15) 1.73 (0.25) 2.09 (0.20) 1.66 (0.31) 1.23 (0.25) 1.74(0.25) 2.07 (0.24) 1.67 (0.24) 1.29(0.21)
No. reaching max log CS 3 (20%) 6 (40%) 6 (40%) 3 (20%) 2 (13.3%) 6 (40%) 3 (20%) 3 (20%)
(out of 15)

subjects have not necessarily reached their maximum sensitivity for ~ differences; those obtained by Pomerance and Evans® are about

a given spatial frequency. For adult subjects, the number reaching
a ceiling effect does not vary much with spatial frequency, but note
that the number of subjects reaching the maximum sensitivity of
the test doubles for each spatial frequency during the retest. In
other words, 14.4% of subjects reached maximum sensitivity dur-
ing the test, but almost a third of the subjects reached maximum
sensitivity during the retest (30.6%). Nonetheless, 2-way repeated
measures ANOVA indicated that retest log CS scores were not
significantly higher (or different) from test log CS scores for sub-
jects tested by the same examiner (F = 0.062, p > 0.05) or differ-
ent examiners (F = 1.39, p > 0.05).

The summary of children’s data in Table 3 indicates that there is
aslight increase in log CS at 18 cpd during the retest, but a 2-way
repeated measures ANOVA indicates that there is no significant
difference in log CS between the two visits at any spatial frequency
(F = 0.088, p > 0.05). In agreement with the adult data, the
difference in log CS between the two visits (Table 5) is very small.
Note the children’s data showed no such increase in percentage of
subjects reaching maximum sensitivity during the retest; 18 of 60
(30%) did so during the test, whereas 14 of 60 (23.3%) did so

during the retest.

Reliability

Adult reliability measures are listed in Table 4 along with the
mean and SD of the test—retest differences in log CS. These same
measures are listed for children in Table 5. Inspection of Table 4
indicates that the average test—retest differences are very small re-
gardless of whether the examiner is the same or different. These
small differences are similar to those reported for adults in the
earlier study,?® with the exception of the difference observed at 18
cpd (same examiner). The major difference between the data ob-
tained from the two studies is the size of the SD of test—retest

half of what is reported in the present study.

Although the mean CS values obtained by Pomerance and Ev-
ans?? are almost the same as those reported in the present study,
reliability measures will significantly differ between the two studies
owing to the large discrepancy in the SD of test—retest differences
because the LoA and COR are both derived from this value. The
COR is calculated by multiplying the SD of the differences be-
tween visit times 1.96, whereas the LoA are found by adding and
subtracting the COR to the mean test—rest difference for each
spatial frequency. As can be seen in Table 4, both the LoA and the
COR values are much smaller for the previous study.??

Another way to assess the agreement between test and retest is to
plot the difference between the two visits (test—retest log CS) vs.
the average of the two visits as suggested by Bland and Altman.*
Figs. 1 and 2 plot the results obtained with adult subjects tested by
the same examiner and different examiners, respectively. A similar
plot is illustrated for children in Fig. 3. The average test—retest
difference (bias) is indicated on each plot in both figures as the
solid line and listed in Tables 4 (adults) and 5 (children). The bias
is very close to zero except for the 18 cpd condition (adults, same
examiner) and slightly negative for all conditions except 12 cpd
(adults, same examiner), which indicates there is a slight, but
insignificant, practice effect, which is not statistically signifi-
cant (F = 0.062, p = >0.05).

The magnitude of the LoA and their 95% confidence limits for
test—retest log CS values are listed in Table 4. The LoA for the data
collected by Pomerance and Evans were calculated from the COR
values listed in their Table 4.2° The LoA obtained from the current
study are plotted in Figs. 1 to 3 as the dotted lines. Despite the
small average test—retest differences, it is readily apparent in Figs. 1
and 2 that the log CS values for adult subjects can differ by up to
about 1 log unit between visit 1 and visit 2. This is an enormous
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TABLE 4.
Reliability measures for adults

TABLE 5.
Reliability measures for children

Difference in test-retest

Adults log CS (mean = SD)

Spatial Same Different Pomerance
frequency examiner examiner and Evans

(cpd) (n=19) (n=21) (1994) (n = 24)
3 0.05(0.2) 0.08 (0.22) 0.02 (0.05)
6 0.04 (0.22) 0.07 (0.23) 0.08 (0.07)
12 —0.10(0.3) 0.06 (0.32) 0.01 (0.12)
18 —0.06 (0.26) 0.09 (0.39) 0.04 (0.15)

LoA, log CS
3 0.78 0.86 0.17
6 0.86 0.9 0.3
12 1.16 1.26 0.44
18 1.06 1.52 0.6
LoA (log CS) outliers removed
3 0.78
6 0.75
12 1.00
18 0.74
COR
3 0.39 0.43 0.09
6 0.43 0.45 0.15
12 0.58 0.63 0.23
18 0.51 0.76 0.30
COR outliers removed
3 0.39
6 0.37
12 0.50
18 0.37
ICC
3 0.24 0.36
6 0.572 0.38
12 0.07 0.18
18 0.31 —0.59
ICC outliers removed

3 0.42
6 0.657
12 0.17
18 0.56?

3]CC is statistically significant.

range, which is also evident from inspection of Table 3 and where it is
evident that the magnitude of the LoA for the current study is much
wider than that reported by Pomerance and Evans.*® The LoA specify
the range of test—retest differences expected to occur in 95% of future
subjects similar to those in the present study. Given the large magni-
tude of this interval for all spatial frequencies, both age-groups, and
regardless of whether the examiner is the same or different, the reli-
ability is poor. However, despite the large width of the LoA, the graphs

Difference in test-retest log

Children CS [mean (SD)]

Spatial frequency (cpd) Same examiner (n = 15)

3 0.01 (0.25)

6 0.02 (0.31)

12 0.01 (0.46)

18 0.06 (0.25)

LoA (log CS)

3 0.96

6 1.23

12 1.82

18 1.0
COR

3 0.48

6 0.61

12 0.91

18 0.50
ICC

3 0.55°

6 —0.01

12 —0.44

18 0.38

2ICC is statistically significant.

illustrate that the differences in log CS between visits do not seem to be
systematically related to the average log CS.

Table 4 also lists the test—retest ICC, which are commonly used
to quantify the consistency of ratings made by different subjects
but can also be used as a measure of test—retest reliability.?” Like
the more familiar Spearman correlation coefficient that measures
agreement between classes, the ICC measures agreement within a
class and ranges from 0 t01.0 (although it can be negative if there is
more agreement between individual subjects than within repeated
measures of the same subject). The ICC values listed in Tables 4
(adults) and 5 (children) were calculated using a 2-way random effects
model for absolute agreement. ICC values >0.75 are considered ex-
cellent, but none of the values listed in Tables 4 and 5 approach that
level. However, it should be noted that there is no clear consensus on
what constitutes excellent, good, or poor ICC values.?”

Outliers

Inspection of Figs. 1 to 3 indicates that various spatial frequen-
cies have outliers, which can be defined as those subjects whose
test—retest difference exceeds the range expected to contain 95% of
the test—retest differences. The Bland—Altman plots in Fig. 1 show
that at 6 cpd, one subject (5.3%) has a test—retest difference that
exceeds the LoA; at 12 cpd and 18 cpd, four subjects (21.1%) and
one subject (5.3%), respectively, exceed the range defined by the
LoA. Subjects tested with different examiners and children also
produced outliers, but, in the interests of optimizing reliability, we
recalculated the LoA, COR, and ICC without outliers for adults
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tested by the same examiner only. The recalculated values show a
smaller range for the LoA, and improved COR, but these improve-
ments are slight. The ICC values are improved at every spatial
frequency, but the only significant improvement occurs at 18 cpd.

Effect of Same vs. Different Examiner

Reliability data from the 19 adult subjects whose test—retest data
were acquired by the same examiner are compared with the reli-
ability measures obtained from the 21 adult subjects tested by
different examiners in Table 4. Inspection of the data indicates that
for every spatial frequency, the LoA and the COR are improved
when the test—retest data are acquired by the same examiner. How-
ever, the improvements are modest, and the width of the LoA is

still quite large (see Fig. 2) and the COR is still quite low. The ICC
values obtained with the same examiner are not uniformly im-
proved in comparison with those obtained with different examin-
ers. We also compared the mean log CS test—retest differences
obtained with the same vs. different examiners with a 2-way
ANOVA (spatial frequency, examiner). Results indicate no signif-
icant difference between the test—retest differences between the
two groups for any spatial frequency (F = 1.1, p > 0.05).

DISCUSSION

CS measurements can provide important information that is in
addition to, and different from, the information provided by visual
acuity. Chart-based CS tests are economical, easy to administer,
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and take little time; however, even a readily available, easy to ad-
minister test will not be useful if test results are not reliable. Our
results indicate that according to common measures of reliability,
the test—retest reliability for the CSV-1000 is low. As pointed out
by Bland and Altman, determination of an acceptable range, as
defined by the LoA, is a clinical question, not a statistical one.”
Although there is no hard and fast rule with respect to CS, 2 0.1 log
difference in log CS between visits reflects a 25% change, whereas
2 0.2 log difference represents a 58% difference in log CS between
visits. Clearly LoA equal to a range of 0.1 to 0.2 log units is more
desirable than the much larger values listed in Tables 4 and 5.
The LoA as well as the COR listed in Table 4 are much larger

3

than those reported by Pomerance and Evans,?® even when re-

calculated with outliers removed. It seems consistent with the un-
reliability of the test that a significant number of healthy young
adults would be classified as outliers for no apparent reason: (4 of
19 or 21.05% of those tested with the same examiner and 4 of 21
or 19.05% with different examiners).

Tables 4 and 5 indicate that the statistical measures commonly
used to quantify test—retest reliability are not strongly affected by
whether the examiner is the same or different. The similarity in
reliability measures for same vs. different examiners indicates that
the effect of examiner on test—retest differences is small. The anal-
ysis of variance performed on the differences between test and
retest also yielded no significant difference between the two
groups. Pomerance and Evans® used different examiners for the
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FIGURE 3.

Bland-Altman plot for children. All children tested and re-tested with the same examiner (n = 15).

test and retest, yet they reported very high reliability, again indi-
cating that the role of examiner is minimal.

The chart-based CSV-1000 is very similar to the Vistech and its
latest iteration, the FACT (Vision Science Research Corporation,
CA), but there are important differences. As pointed out by Gins-
berg, both Vistech and FACT are discrimination tasks where the
subject must not only detect the presence of the sinewave grating
but also detect its orientation.?® In contrast, the CSV-1000 uses a
detection task where the subject must only detect the presence or
absence of a pattern. A number of studies have examined the reli-
ability of the Vistech charts and reported COR values between
0.25 and 0.61, with an average of 0.48, all of which are too low to
detect small or subtle differences.?? 3> A few studies have exam-

ined the reliability of the FACT test, which is also reported to be
better than that of Vistech, but still low, which is a disappointment
given the improvements in the chart design, which include, among
others, a much smaller (0.15) step size than the Vistech and a
3-way forced-choice procedure.® **

Some studies have compared the reliability of CS tests with the
well-designed Pelli-Robson (PR) letter contrast chart described
carlier. 871° Note that the correct detection of a letter is a 26-
alternative forced-choice task, and the odds of getting two of three
letters in a given triplet correct by chance is extremely low. Thus,
subjects are free to guess, but guessing is very unlikely to improve their
score. Procedural details, such as the small step size, the psychophysical
forced-choice (FC) procedure, and the scoring method, have contrib-
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uted to the high reliability of the Pelli-Robson chart that tends to have
a COR of about 0.18.272° The ICC has also been reported to be 0.81
or higher, depending on the scoring method used.?”

In comparison with the PR chart, the step size of the CSV-1000 is
comparable but the psychophysical procedure is quite different. The
CSV-1000 uses a hybrid technique that combines a 2-alternative
forced-choice criterion-free method (top or bottom) with the op-
tion to opt out of the FC procedure with a criterion-dependent
response (both top and bottom blank). The FC procedure helps to
minimize criterion effects between subjects, but with only two
alternatives, the subjects can guess the target location correctly
50% of the time for any given contrast level. The probability that
subjects will guess correctly twice in a row is 0.25, whereas the
probability of being correct three times in a row is about 0.13.
Thus, the variability in test—retest results may occur because if a
subject is not sure if they detect a grating pattern and guess, then
they have a 50% chance of being right. However, on the next
administration of the test, the subject may guess wrong. However,
if the instructions stress that subjects should immediately indicate
when they are no longer sure of the target’s location, then guessing
will be minimized and test—retest reliability may be improved. We
suspect that the reliability differences observed between our study
and that of Pomerance and Evans®> might be due to the instruc-
tions given to the observers; they may have stressed to their subjects
how important it is to report “no detection” as soon as the two
locations appeared homogeneously gray, whereas in our study we
instructed the subjects at the beginning of the test that three re-
sponses were allowed: top, bottom, or “none.”

In support of our conjecture that guessing may be the most
important contributor to the low reliability of the test, we have
collected pilot data using a modified procedure where subjects
were instructed to indicate the target’s location regardless of how
confident they were that they actually saw a pattern. In other
words, subjects were only allowed to report “top or bottom.” We
tested each spatial frequency twice in this way (one descending trial
and then one ascending trial), then scored CS as the lowest contrast
correctly detected twice in a row. This simple modification re-
sulted in a significant improvement in the test—retest reliability
score, which we are now testing with a larger sample size.

In summary, we report that test—retest reliability of CSV-1000 is
low in a sample of young adults and children when following the
manufacturer’s instructions. We note that our sample size was
small and that only visually normal observers were studied. In
addition, we did not examine the effect of different examiners on
children’s COR, but it seems likely that the COR would either be
the same or worse than those obtained with the same examiner.
The low COR values obtained in this study agree with the gener-
ally low COR values reported for other chart-based grating CS tests
and highlight the need for either new protocols or new tests that
can accurately measure CS in a clinical setting.
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