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Abstract

Purpose: To evaluate the accuracy and repeatability of a computer-generated
Pelli-Robson test displayed on liquid crystal display (LCD) systems compared to
a standard Pelli-Robson chart.

Method: Two different randomized crossover experiments were carried out for
two different LCD systems (MOS and CSO) in a total of 32 people: 6 females
and 10 males with mean (40.5 = 13.0 years) and 9 females and 7 males (27.8 £
12.2 years) respectively in the first and second experiment.

Fwo repeated measurements were taken with the Pelli-Robson test and with the
LCD system at 1 and 3 m. To test LCD reliability, measurements were repeated
after 1 week.

Results: In experiment 1, contrast sensitivity (CS) measured with MOS at 1 m
resulted significantly higher than Pelli-Robson of 0.20 and 0.22 log1/C in RE
and LE respectively (p<0.01). Also at 3 m CS measured with MOS resulted
significantly higher than Pelli-Robson of 0.22 log1/C in both eyes (p<0.01).
Bland—Altman plots showed a proportional bias for MOS measures. MOS
measurements showed good repeatability: ICC was 0.83 and 0.65 at 1 and 3 m
respectively.

In experiment 2, CS measured with CSO at 1 m resulted significantly lower than
Pelli-Robson of 0.13 and 0.12 log1/C in RE and LE respectively. Also at 3 m CS
mean measured with CSO resulted significantly lower than Pelli-Robson of 0.10
and 0.07 log1/C in RE and LE respectively. Bland—Altman plots didn’t show any
proportional bias for CSO measures. CSO measurements showed sufficient
repeatability: ICC resulted 0.51 and 0.65 at 1 and 3 m respectively.

Conclusions: Computer-generated versions of Pelli-Robson test, displayed on



LCD systems, don’t provide accurate results compare to classic Pelli-Robson
hard version even though their measure repeatability appears to be good.
Clinicians should consider that Pelli-Robson computer-generated versions could

be non interchangeable to the hard version.

Key words: Contrast sensitivity, LCD Systems, computerised based stimuli,

Pelli-Robson test.



Contrast sensitivity (CS) provides noteworthy information about functional vision
and allows a better understanding of subtle vision loss potentially due to optical
or neurophysiological problems’ (Elliott, 1998) which can often be less obvious
when using static high contrast visual acuity. That is the reason why CS
assessment has been using since many years ago in research activity on
general disease?’ (Howes et al 1982, Kupersmith et al, 1982, Bassi et al, 1993,
Russell et al, 1983, Regan et al, 1977, Quiceno et al, 1992), ocular disease?®'?
(Elliott et al, 1989; Arden e Jacobson,1978; Sjostrand & Frisén, 1977 and 1978;
Ibanez et al 1993), refractive surgery'3'# (Butuner et al, 1994; Wang et al,
1997), contact lenses '° (e.g. Applegate e Massof, 1975) and orthokeratology '®
(Hiraoka et al, 2007).

However, in clinical practice, CS assessment is much less common for many
different reasons, such as a certain difficulty in the procedures, the lacking of a
general agreement in a gold standard technique and because a good
assessment increases chair time (Martelli & Zeri, 2012, Pelli & Bex, 2013). 1718
In order to avoid too much complex and highly time consuming procedures
many clinical standard tests do not measure a full CS function. They are usually
designed to measure CS at one spatial frequency only, like in a Pelli-Robson
chart or in a Small Letter Contrast Test %2 (Pelli et al, 1988; Rabin & Wicks,
1996) or to measure visual acuity at lower level of contrast like in Baily Lovie
low contrast chart ' (Elliott, 1998).

In clinical setting, CS assessment has been performed mainly through hard
chart, such as Pelli-Robson chart and Baily-Lovie chart while in research CS
has been traditionally assessed mainly by computer-generated tests that allow

an easier generation of the stimuli features such as font, size and contrast level



and the use of adaptive psychophysics method whereas are impossible to use
on test chart '® (Pelli & Bex, 2013). In research field to assess CS, computer-
generated tests were generally connected with cathode ray tube (CRT) monitor
that allowed fine control of contrast generation. Through several system such as
video attenuators, the 8-bit limit (28=256 levels) of Digital to Analog converters
(DACs) on the graphics card were increased up to 16-bit of grey-level resolution
21-23 (Pelli & Zhang, 1991; Li et al 2003, Lu & Dosher, 2013).

Nowadays, Liquid Crystal Displays (LCDs) are quickly replacing CRT monitors
in workplaces and for other uses because they offer many advantages such as
the excellence geometric proprieties, the good pixel independence, the
reduction in superficial reflection, the possibility to increase luminance without
affecting the size of the pixel and the elimination of flickering 2324 (Menozzi et
al, 2001; Lu & Dosher, 2014). However LCD displays have disadvantages such
as the dependence of viewing angle and the lacking of deep black that limited
the contrast ratio 23 (Lu & Dosher, 2014).

In the field of clinical visual assessment, LCD are always more commonly used
as optotypes 2° (To et al, 2013), but the possibility to measure CS was limited
for long time by the 8-bit luminance resolution of this screens that didn’t allow to
generate stimuli below the human contrast sensitivity threshold. The contrast
ratio of the newer LCD system has improved compare to LCD of previous
generation and these systems offer the further advantage of eliminating the loss
of quality of the chart due to aging of the test, which could be critical to
guarantee the level of contrast printed originally.

Many studies have investigated the reliability of these new devices to assess

CS with disparate results 26-2° (Hohberger et al 2007; Thayaparan et al 2007;



Hong et al, 2010, Chandrakumar et al, 2012). Furthermore, LCD technology, is
moving CS assessment towards devices such as tablets with interesting clinical
perspective %32 (Dorr 2013; Kollbaum et al, 2014; Rodriguez-Vallejo et al
2015).

Considering that the most common test to assess contrast sensitivity in
research and clinical practice, for its reliability 33-34 (Rubin, 1988, Elliott, 1990),
simplicity and speed of procedure 3540 (Williamson et al 1992; Tan et al, 1998;
Haymes et al 2002; Powers, 2009; Kumar et al, 2010; Serbecic et al 2010;
Bittner, et al 2014) is the Pelli-Robson chart, many LCD systems, use similar
optotypes in clinical practice, include a computerised based Pelli-Robson test
(To et al, 2013). 2°

The aim of this study was evaluated accuracy and repeatability of computer-
generated Pelli-Robson tests displayed on two LCD systems compare to the

standard Pelli-Robson chart.

Method
Subjects and materials

Two cohorts of subjects were recruited, this was to avoid learning effects and to

reduce the likelihood of subject fatigue. A randomized crossover experiment

was carried out. Two repeated measurements were taken with the Pelli-Robson
chart (Clement Clarke International Ltd.; Harlow, U.K.) '® (Pelli et al, 1988) and
with the LCD system. With cohort 1 (Experiment 1) the LCD System was the
MOS: Multi Opti System 24 (DUEFFE TECNOVISION, Pergine Valsugana
Italy). In the second cohort (Experiment 2) the LCD System was CSO Vision

Chart (Mod CVCO02, software CSO Vision Chartv 1.3.0 CSO, Florence, Italy).



Inclusion criteria were no ocular pathology, no amblyopia and corrected visual
acuity not less than 0.1 logMAR in the worst eye. Habitual prescription was
recorded and the habitual visual acuity was measured monocularly. Further
objective refraction was carried out with autorefractometer (Essilor; AKE 600,
Creteil, France). All subjects had been informed about the experiment in detail
and had signed the consent document in compliance with the Declaration of

Helsinki before the experiment.

For both LCD systems stimuli were prepared following the Pelli-Robson Chart
criteria (Pelli et al, 1988). Two sets (A and B) of sixteen groups of three Sloan
letters with the same contrast were set up. The contrast of each single group
decreased by a factor of 1/v2 (0.15 logCS) from a level of 0.00 logCS up to
reach a level of 2.25 logCS.

In LCD version the maximum contrast of 0.00 logCS was actually given as 0.03
logCS (equivalent to 93% of contrast) and they could reach a minimum nominal
contrast of 2.40 logCS (equivalent to 0.04% of contrast).

In each cohort the Pelli-Robson chart and the LCD screen were placed in a
room with constant background luminance. The luminance was measured by a
photometer (Chroma meter cs 100 A; Minolta. Tokyo, Japan). Luminance
measurements were taken in 4 areas of the white background of each
instrument.

In Experiment 1 the mean luminance was 82.6 + 6 cd/m? and 78.7 + 9 cd/m? for
the MOS and the Pelli-Robson chart respectively.

In Experiment 2 the mean luminance was 84.0 + 5 cd/m? and 79.4 + 8 cd/m? for

the CSO and the Pelli-Robson chart respectively.



According to Pelli et al'® (1988) the contrast sensitivity threshold was calculated
as the level of contrast of the last row that a subject was able to correctly
recognize at least 2 out of 3 letters. Each subject was pushed to read all the
letters. When subjects read incorrectly the letter “O” instead of “C” or “C”
instead of “O” it was not considered a mistake (Elliott Bullimore Bailey 1991).
Traditionally two testing distances have been used - the first is at 1 metre,
where the angle subtended by the letters is 2.8° and secondly at 3 metres,
where the angle decrease up to 0.93°. In order to avoid a potential learning of
the letter array and a possible effect of the order of the test presentation, each
subject was assigned randomly to one of 8 different sequences (Table 1).
Differently from Pelli-Robson chart in which the sixteen triplets are displayed
together, in the LCD tests the triplets were presented singularly one after the
other due to the limited display screen size.

Each subject was tested for all measurements with their refractive same in
place arranged with trial lenses. The same number of trial lenses (two lenses)
were used in each case, and if the subject required only one or no trials lenses
then plano lenses were added to ensure that any loss of contrast due to the
number of lenses was minimised.

To check the LCD measurement reliability the measurements were repeated

after 1 week for both cohorts (Table 1).

Data Analysis
The Kolmogorov-Smirnov test was used to evaluate the results for normal

distribution of contrast sensitivity data in each condition of the 2 cohorts. All the



distributions (LCD tests and Pelli-Robson at 1 and 3 metres) were statistically
different from normality (all p<0.05). So, the strength of the relationship between
LCD instruments and Pelli-Robson test was evaluated using a non parametric
correlation analysis (Spearman correlation coefficient, rho). A Wilcoxon signed
rank test was applied to evaluate the differences between the 2 instruments in
each cohort. Also, a Bland-Altman plot was used to assess the difference in CS
with the 2 instruments for each cohort (Bland & Altman, 1986). 41

Repeatability was evaluated by performing intraclass correlation coefficient

(ICC).

Results
In Experiment 1, subjects were 6 females and 10 males with mean age + SD of
40.5 £ 13.0 years, range 18-58 years. In Experiment 2, subjects were 9 females

and 7 males with mean age + SD of 27.8 £+ 12.2 years, range 15-51 years.

The level of correlation between right eye and left eye was calculated using
kappa statistic (Murdoch, 1998). In cohort 1, at 1 metre the right and left eyes
were highly correlated both for MOS and Pelli Robson test measurements
(k=0.65 and k=0.35 respectively), but at 3 metres the two eyes were not
correlated (k=0.07 and k=0.12 respectively).

In cohort 2, right and left eyes were not -correlated both for CSO and Pelli
Robson test measurements at 1 metre (k=0.21 and k=0.30 respectively) or at 3
metres (k=-0.01 and k=0.04 respectively). According to this, analysis performed
on both eyes (32 eyes) could be considered reliable for experiment 1 at 3 m and

experiment 2 at both distances. In any case all data for both eyes and
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separately for right eye left eyes will be reported in the result section for both
experiments.

All statistical powers for the accuracy comparisons in both experiments (see
Table 2 and 3), performed by Wilcoxon paired test (between LCDs and Pelli-

Robson at 1 metre and 3 metres), resulted higher than 0.86 (G Power, 3.1).

Experiment 1

Mean spherical equivalent of the correction in use (11 out of 16 used correction)
among the subjects was—-0.03 + 0.81 D (range+1.75/-2.00 D). Monocular
habitual visual acuity with correction in use was —-0.08 £ 0.06 D (range
0.08/-0.18 D).

In Tab 2 have been reported all the CS measurements and the comparisons.
CS mean measured with MOS at 1 meter resulted significantly higher than Pelli-
Robson of 0.21, 0.20 and 0.22 log 1/C for all 32 eyes, only right eyes and only
left eyes respectively. Also at 3 m CS mean measured with MOS resulted
significantly higher than Pelli-Robson of 0.22 either if all 32 eyes, only right eyes
or only left eyes were considered.

The correlation between measurements achieved with the 2 instruments
resulted significant both at 1 m (Spearman’s rho =0.49, p<0.01) and at 3 m
(Spearman’s rho =0.46, p<0.01) if 32 eyes were considered.

Bland-Altman plots showed a proportional bias: the difference between
measurements with MOS and Pelli-Robson decreased significantly moving to
higher contrast sensitivity both at 1 m (Spearman’s rho =-0.53 p=0.002) and 3 m
(Spearman’s rho =-0.46 p=0.008) (Figure 1 and 2). At 1 m the mean difference

(MOS minus Pelli-Robson) was 0.21 log 1/C and the limits of agreement (LoA)



11

were 0.45 and -0.04 log 1/C. At 3 m the mean difference (MOS minus Pelli-
Robson) was 0.22 log 1/C and the limits of agreement (LoA) were 0.45 and -
0.02 log 1/C. A significant difference between the two measures was found both

at 1 and at 3 m (Wilcoxon test; p < 0.05) (fixed bias).
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Figure 1. Bland—Altman plot of the differences between MOS and Pelli-Robson in CS measures a 1 m plotted against mean of the two instruments
measures (32 eyes). Limits of Agreement are calculated as mean difference + 1.96 SD of differences, Cl at 95% calculated as Bland and Altman 3.
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Figure 2. Bland—Altman plot of the differences between MOS and Pelli-Robson in CS measures a 3 m plotted against mean of the two instruments
measures (32 eyes). Limits of Agreement are calculated as mean difference + 1.96 SD of differences, Cl at 95% calculated as Bland and Altman **

For what concern the repeatability for the MOS, the threshold at retest resulted
for the group of 32 eyes 2.08+0.05 log 1/C and 2.13+0.11 log1/C at 1 and 3
meter respectively (Table 2). Spearman’s rho resulted 0.77 and 0.49 at 1 and 3
m respectively; both significant p<0.001 and p=0.005 respectively.

ICC for test-retest reliability calculating for the 32 eyes was 0.83 and 0.65 for 1
m and 3 m respectively. In Table 2 are reported ICCs at both distances, both for

the whole group (32 eyes) and for the single eye group

Experiment 2

Mean spherical equivalent of the correction in use (4 out of 16 used correction)
among the subjects was-0.13+0.50 D (range+0.25/-2.00 D). Monocular
habitual visual acuity was -0.15 + 0.07 D (range -0.01/-0.28 D).

In Tab 3 have been reported all the CS measurements and the comparisons.

CS mean measured with CSO at 1 meter resulted significantly lower than Pelli-
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Robson of 0.13, 0.13 and 0.12 log1/C for all 32 eyes, only right eyes and only
left eyes respectively. Also at 3 m CS mean measured with CSO resulted
significantly lower than Pelli-Robson of 0.08, 0.10 and 0.07 if all 32 eyes, only
right eyes and left eyes were considered.

The correlation between measurements achieved with the 2 instruments
resulted significant both at 1 m (Spearman’s rho 0.38, p=0.03) and at 3 m
(Spearman’s rho =0.49, p<0.01) if 32 eyes were considered.

Bland—Altman plots don’t show any proportional bias between the CSO and
Pelli-Robson difference and the mean of the two measures: no significant
correlation was found either at 1 m (Spearman’s rho = -0.218 p=0.23) or 3 m
(Spearman’s rho = 0.02 p=0.91) (Figure 3 and 4). At 1 m the mean difference
(MOS minus Pelli-Robson) was -0.13 log1/C and the limits of agreement (LoA)
were 0.09 and -0.34 log 1/C. At 3 m the mean difference (MOS minus Pelli
Robson) was 0.21 log1/C and the limits of agreement (LoA) were 0.15 and -
0.32 log1/C. A significant difference between the two measures was found both
at 1 and at 3 m (Wilcoxon test; p < 0.05) (fixed bias).

In terms of repeatability the CSO measurements showed quite good reliability at
both distance when both eyes were considered: ICC 0.51 and 0.65 at 1 and 3 m

respectively.
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Figure 3. Bland—Altman plot of the differences between CSO and Pelli-Robson in CS measures a 1 m plotted against mean of the two instruments
measures (32 eyes). Limits of Agreement are calculated as mean difference + 1.96 SD of differences, Cl at 95% calculated as Bland and Altman *.
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Discussion

The aim of this study was to evaluate the accuracy and repeatability of
computer-generated Pelli-Robson tests displayed on two LCD systems
compared to a standard Pelli-Robson chart, which is considered highly reliable
33.34 (Rubin, 1988, Elliott, 1990).

First of all, the two computerized systems have shown a good repeatability
measured at both distances. This ensures that clinical testing of the same
patient would be stable in time.

Pelli-Robson contrast sensitivity results obtained with the standard chart test
were very similar, at both viewing distances, to normative data for healthy
subjects in the same age-range “* (Mantyjarvi and Laitinen, 2001). However,
significant differences with the normative data were found when comparing the
two computerized version of the test. The difference is in the opposite direction:
the MOS produced an average 12% overestimation of the CS, while the CSO
underestimated the CS of about 6%. These differences appear to be relevant in
a clinical perspective; they are close to a step of contrast (0.15 log1/C)
measured with the standard Pelli-Robson chart or even higher as in the case of
MOS. The two instruments have also shown a different reliability as a function
of the CS value measured with the Bland Altman test. In this case, only the
MOS shows a proportional bias.

Similarly, Thayaparan and coll.?” (2007) have reported a poor agreement
between the standard Pelli-Robson chart and a version of the test displayed on
an LCD (TestChart 2000). They found an overestimation of the CS and an

extremely poor level of agreement measured with the Bland Altman plot (1.00



16

log unit, i.e. about double the size reported here of 0.48 for the MOS and 0.40
for the CSO, Figure 1 to 4)

It is not simple to try to explain the lack of accuracy of the 2 instruments
compared to Pelli-Robson chart given their good repeatability.

The slight difference of luminance between LCDs and Pelli-Robson chart that
was measured, about 4 and 5 cd/m? in experiment 1 and 2 respectively, cannot
justify the differences in CS found #° (De Valois et al, 1974).

Thayaparan and collegues 2’ (2007), attributed the poor accuracy of the LCD
system to the sub-optimal performance in generating low-level contrasts. This
was suggested by the fact that the level of agreement (Bland Altman)
dramatically improved when only subjects with a contrast sensitivity <1.70
log1/C were included in the analysis.

Crucial for the CS estimation, especially at low contrasts, is an adequate
luminance calibration of the LCD 25 (To et al, 2013). However, in a clinical
setting performing a sophisticated luminance measure to calibrate the LCDs
goes far beyond the skills and the equipment available, which should be the
manufacturer’s commitment. Nonetheless, results of this study provide some
relevant insights on how and when to use such instruments. Clinicians should
be aware to consistently compare patients with the same instrument and not
across tests. Indeed, both the LCDs tested here are not interchangeable with
the standard Pelli-Robson chart. However, both systems have shown good
repeatability and a clear improvement in accuracy relative to previous systems
(Thayaparan, 2007). Additionally, the LCD tests should not be used when a
subtle measure at the lowest levels of contrasts is required, such as in

comparing the quality of two optical corrections.
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Future devolvement in LCD technology is still needed to improve reliability of

the CS assessment in order to ensure its wider diffusion in clinical practice.
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Order of measurements

1 meter 3 meters Retest 1 meter Retest 3 meters
Condition RE LE RE LE LE RE LE RE

| Pelli-Robson A LCDA Pelli-Robson B LCDB Pelli-Robson A LCDA Pelli-Robson B LCDB LCDA LCDB LCDA LCDB

Il Pelli-Robson A LCDA LCD B Pelli-Robson B Pelli-Robson A LCDA LCD B Pelli-Robson B LCDA LCDB LCDA LCDB

1l LCDA Pelli-Robson A Pelli-Robson B LCcDB LCDA Pelli-Robson A Pelli-Robson B LCDB LCDA LCDB LCDA LCDB

v LCDA Pelli-Robson A LCD B Pelli-Robson B LCDA Pelli-Robson A LCD B Pelli-Robson B LCDA LCDB LCDA LCDB

\Y% Pelli-Robson B LDCB Pelli-Robson A LCDA Pelli-Robson B LCDB Pelli-Robson A LCDA LCD B LCDA LCDB LCDA

VI LCDB Pelli-Robson B Pelli-Robson A LCDA LCD B Pelli-Robson B Pelli-Robson A LCDA LCD B LCDA LCDB LCDA

Vi Pelli-Robson B LCDB LCDA Pelli-Robson A Pelli-Robson B LCDB LCDA Pelli-Robson A LCDB LCDA LCDB LCDA

VIl LCDB Pelli-Robson B LCDA Pelli-Robson A LCDB Pelli-Robson B LCDA Pelli-Robson A LCDB LCDA LCDB LCDA

Table 1: Sketch of the procedure followed during the two different experiments. There has been reported the order of measurements taken during the first session (accuracy) and retest (LCD repeatability) for the 8 condition of which each single subject was
assigned to. Pelli-Robson A: side A. Pelli-Robson B: side B. LCD A: MOS (Exp1) or CSO (Exp2) set of letter arranged in the same way of Pelli-Robson chart side A. LCD B: MOS (Experiment 1) or CSO (Experiment 2) set of letter arranged in the same way of Pelli-
Robson chart side B.



Pelli- Pelli- MOS MOS . .
’\f?ns ’\gcr)ns Robson Robson Retest Retest ggm!]s:l')s::n’\gtof ggm?s;'s:gn’\g?g Comparison MOS Comparison MOS
(I0g1/C) (log1/C) im 3m im 3m m m test retest 1 m test retest 3m
9 9 (log1/C) | (logl/C) | (logl/C) | (logl/C)
Medi
Al edian 2.10 2.10 1.88 1.80 2.10 2.10 Wilcoxon p<0.01 Wilcoxon p<0.01 1CC=0.83 ICC=0.65
32 Mean 2.05 2.07 1.85 1.85 2.08 2.13 Spearman’s rho=0.52 Spearman’s rho=0.46 Spearman’s rho=0.77 Spearman’s rho=0.49
eyes 5 p<0.01 p<0.01 p<0.001 p<0.01
0.10 0.10 0.14 0.14 0.05 0.11
Median
RE 2.10 2.10 1.95 1.88 2.10 2.10 Wilcoxon p<0.01 Wilcoxon p<0.01 ICC=0.85 ICC=0.17
16 Mean 2.06 2.08 1.87 1.87 2.08 2.12 Spearman’s rh0=0.61 Spearman’s rho=0.44 Spearman’s rho=0.81 Spearman’s rho
eyes 5 p=0.01 p=0.09 p<0.001 =0.10 p=0.72
0.09 0.05 0.13 0.12 0.05 0.08
Medan | 210 | 210 1.80 1.80 210 | 210 _ ,
LE v Wilcoxon p<0.01 Wilcoxon p<0.01 ICC=0.81 ICC=0.75
ean
16 2.04 2.05 1.83 1.84 2.08 2.14 Spearman’s rho=0.42 Spearman'’s rho=0.45 Spearman’s rho=0.76 Spearman’s rho
eyes —sp p=0.10 p=0.08 p<0.01 =0.59 p=0.02
0.11 0.13 0.15 0.15 0.05 0.14

Table 2: Descriptive statistics of the contrast sensitivity (log 1/C) measured in Experiment 1. Accuracy comparisons. Repeatability outcomes.




Pelli- Pelli- CsO CSORetest ) ]
Clsmo %Sn? Robson Robson Retest 3m ggm?;gﬁsogn%?? ggmf);éffgni?g Comparison CSO Comparison CSO
(log1/C) (Iog1/C) im 3m im (log1/C) m m test retest 1 m test retest 3m
9 9 (logl/C) | (logl/c) | (logl/C)
Median
All 165 1.65 1.80 1.80 1.80 1.80 Wilcoxon p<0.01 Wilcoxon p<0.01 ICC=0.51 ICC=0.65
32 Mean 1.73 1.75 1.85 1.83 1.78 1.82 Spearman’s rho =0.38 Spearman’s rho =0.49 Spearman’s rho =0.36 Spearman’s rho =0.51
eyes p=0.03 p<0.01 p=0.04 p<0.01
sb 0.09 012 011 011 0.10 011
Median
RE 165 1.65 1.95 1.80 1.80 1.80 Wilcoxon p<0.01 Wilcoxon p=0.02 ICC=0.15 ICC=0.54
16 Mean 1.73 1.73 1.86 1.84 1.77 1.77 Spearman’s rho =0.27 Spearman’s rho =0.23 Spearman’s rho =0.08 Spearman’s rho =0.47
eyes p=0.31 p=0.39 p=0.78 p=0.07
sb 0.09 0.12 0.12 0.10 0.10 0.08
Median 1.73 1.80 1.80 1.80 1.80 1.95
LE Wilcoxon p<0.01 Wilcoxon p=0.02 ICC=0.78 ICC=0.72
Mean
16 173 1.76 185 183 179 187 Spearman’s rho =0.54 Spearman'’s rho =0.74 Spearman'’s rho =0.67 Spearman’s rho =0.57
eyes SD p=0.03 p<0.01 p<0.01 p=0.02
0.08 0.12 0.09 0.13 0.10 0.11

Table 3: Descriptive statistics of the contrast sensitivity (log 1/C) measured in Experiment 2 Accuracy comparisons. Repeatability outcomes.
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