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Variability of Vernier acuity
measurements in untrained
subjects of different ages
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Abstract

The Vernier acuity of 50 normal untrained subjects (20 males and 30
females) was measured by the method of adjustment. Subjects were
divided into five age ranges with 10 subjects in each age group: 5-10,
11-20, 21-30, 31-40, and 41-50 years. All subjects had normal visual
acuity (20/20) and volunteered to participate in the experiment. Chil-
dren were selected from a local school and adults recruited from the
technical staff of the Department of Ophthalmology of the School of
Medicine. Vernier acuity was higher in adults compared to children.
Intraindividual variability was high and it was estimated that for most
individuals of all age groups a range of 100 to 700 trials was necessary
to obtain a mean with a precision of 10%. These results suggest that
Vernier acuity variability is an obstacle to its use in clinical settings.
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Introduction

Vernier acuity is a peculiar type of visual
task that involves the ability of the visual
system to locate an object relative to another
(1). This type of resolution, also called posi-
tional acuity, is usually measured in seconds
of arc as the smallest detectable misalign-
ment between two abutting stimuli such as
bars, lines or dots (2).

Like any other visual threshold, Vernier
acuity can be measured with a variety of
psychophysical methods, e.g., staircase or
limits, constant stimuli and adjustment meth-
ods (3). The method of adjustment has been
successfully used for clinical testing of Ver-
nier acuity, especially for untrained and older
observers (2,4). Furthermore, this method

facilitates the rapid distinction between Ver-
nier accuracy (mean offset error) and preci-
sion (standard deviation) (4).

Unlike Snellen acuity, which depends
primarily on intercone spacing (sampling
theorem) (5,6), Vernier acuity belongs to a
class of localization tasks termed hyperacu-
ities because, under optimal presentation
conditions, the thresholds are extremely low
(of the order of 3-5 arc s), which is smaller
than the diameter of a single foveal cone (25
to 30 arc s) (7-9). Several psychophysical
factors involved in the Vernier acuity re-
sponse have been extensively studied. The
effect of optical blur (10), stimulus configu-
ration (11), luminance (12), motion (13),
spatial frequency (14), line orientation (15,16)
and other parameters of the Vernier thresh-
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olds are well known.
The Vernier paradigm is not used fre-

quently in ophthalmology. Few investiga-
tions have been performed using Vernier
acuity to test patients with eye diseases (17).
The lack of clinical studies on Vernier acuity
is probably related to the strong effect that
practice has on the magnitude of the Vernier
threshold (1,18,19). In clinical settings, time
is a very important factor and extremely long
psychophysical examinations are not fea-
sible.

The objective of the present study was to
investigate the number of Vernier trials nec-
essary to obtain a mean value with a preci-
sion of 10% in untrained subjects.

Material and Methods

All tests were performed in a darkened
room with subjects located 10.73 m from a
flat 17" computer monitor. Two vertical white
lines, each 0.5 arc min wide and 5 arc min
high, were generated using a microcomputer
and presented one above the other on the
monitor with a 1-min gap between them. The
upper line was stationary in the center of the
screen while the position of the bottom line
could be moved horizontally using a track
ball (method of adjustment).

Before testing began, a series of 10 prac-
tice trials was run under binocular condi-
tions. This short session, which typically
lasted less than 5 min, was performed just to

familiarize the subject with the testing con-
ditions and the nature of the measurement.
All subjects understood the procedure after
just one session. According to the literature,
this short number of trials does not induce
any training effect on the threshold magni-
tude.

Data were collected under monocular
viewing conditions (right eye). During mo-
nocular testing, the subjects wore orthoptic
eye patches (left eye). The test consisted of
10 trials for each subject which typically
lasted about 5 min. The distance of the vari-
able line from the fixed line was varied at
random across trials. Subjects were instructed
to move the bottom line so that it was exactly
below the upper one. Once they were satis-
fied that the lines were exactly aligned, the
examiner pressed the enter key on the track
ball and the computer measured the location
of the bottom line in seconds of arc. The
threshold was the arithmetic mean of the
offset for the 10 trials. Due to limitations in
room space and pixel size (0.26 mm), the
smallest misalignment that could be meas-
ured was 5 arc s.

We tested the Vernier acuity of 50 sub-
jects divided into five age ranges with 10
subjects in each age group: 5-10, 11-20, 21-
30, 31-40, and 41-50 years. The mean age of
each group was 6.9, 14.9, 26.3, 35.7, and
44.8 years. All subjects had 20/20 visual
acuity in each eye optically corrected when
necessary with spectacles. All 500 measure-
ments were performed using the right eye.

Results

The mean Vernier acuity in each age
group for 10 trials is presented in Figure 1.
One-way analysis of variance (ANOVA) in-
dicated that there were significant differ-
ences between mean thresholds (F = 5.96,
P = 0.0001). Post hoc analysis by the Tukey
test showed that the mean Vernier offset was
significantly higher for the younger age
groups (5-10 and 11-20 years) and did not
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Figure 1. Effect of age on Ver-
nier acuity. Age groups: 1 = 5-10,
2 = 11-20, 3 = 21-30, 4 = 31-40,
and 5 = 41-50 years. The sym-
bols reported as arc s represent
the mean offset. The bars indi-
cate the 95% confidence interval
of the mean for 10 subjects in
each group and 10 measure-
ments for each subject.
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differ between the other groups. The 95%
confidence interval of the mean Vernier value
for each age group was: group 1 = 3.64,
group 2 = 3.71, group 3 = 2.8, group 4 = 2.9,
and group 5 = 3.12.

The distribution of the Vernier trials for
each subject in each group is presented in
Figure 2 where the coefficient of variation
(standard deviation/mean) for each subject

ranged from 35.8 to 153.1%.
The number of trials necessary to obtain

a mean Vernier value with a precision of
10% is presented in Figure 3 for all subjects.
This number was obtained using the formula
n = t2 . s2/(d2 . x2), where n is the sample size,
t is the value of the t distribution with n’ - 1
degrees of freedom and with 5% probability,
n’ is the sample number of measurements, s2

Figure 2. Vernier acuity trials
of individual subjects in differ-
ent age groups. A, 5-10 years;
B,     11-20 years; C,     21-30 years;
D, 31-40 years, and E, 41-50
years. The horizontal lines in the
box denote the 25th, 50th and
75th percentiles. The error bars
denote the 5th and 95th per-
centiles. The two symbols be-
low the 5th percentile error bar
denote the 0th and 1st percen-
tiles. The two symbols above
the 95th percentile error bar de-
note the 99th and 100th per-
centiles. The square symbol in
the box denotes the mean of
the column of data.

V
er

ni
er

 a
cu

ity
 (

m
ea

n 
of

fs
et

, 
ar

c 
s)

90

80

70

60

50

40

30

20

10

0

90

80

70

60

50

40

30

20

10

0V
er

ni
er

 a
cu

ity
 (

m
ea

n 
of

fs
et

, 
ar

c 
s)

V
er

ni
er

 a
cu

ity
 (

m
ea

n 
of

fs
et

, 
ar

c 
s)

90

80

70

60

50

40

30

20

10

0 V
er

ni
er

 a
cu

ity
 (

m
ea

n 
of

fs
et

, 
ar

c 
s)

90

80

70

60

50

40

30

20

10

0

V
er

ni
er

 a
cu

ity
 (

m
ea

n 
of

fs
et

, 
ar

c 
s)

90

80

70

60

50

40

30

20

10

0

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Subject

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Subject

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Subject

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Subject

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Subject

A B

C D

E



226

Braz J Med Biol Res 35(2) 2002

C.M.M. Abbud and A.A.V. Cruz

is the variance of the sample measurements,
x is the mean of the sample, and d is the
desired precision (d = 0.1) (20).

One-way ANOVA showed that there were
no differences in the mean number of trials
calculated for the various age groups (1 =
230, 2 = 350, 3 = 461, 4 = 421 and 5 = 279;
F = 1.91, P = 0.12).

Discussion

Since the original description of Vernier
acuity in 1892 by Wülfling (7,11), there has
been no agreement on the neural mechan-
isms underlying this type of discrimination.
Several types of neural processing have been
proposed to account for the extremely low
Vernier thresholds obtained under optimal
conditions. Most investigators believe that a
central process such as interpolation (2,21,22)
is involved in the positional resolution. This
feature plus the relative insensitivity of Ver-
nier acuity to retinal image degradation (8)
explain why Vernier acuity is such a poten-

tially useful test for the visual system. Theo-
retically, high order disorders such as am-
blyopia would be easily detected with a Ver-
nier paradigm. However, the measurement
of Vernier acuity has never been part of the
clinical arsenal of visual testing.

The reasons for the resistance of clini-
cians to use Vernier acuity are not clear.
From a pure methodological perspective, the
widespread availability of high resolution
monitors and computers has eliminated most
of the difficulties involved in the generation
of Vernier stimuli. The adjustment method,
as suggested by some (2,4), is totally appro-
priate for clinical use. Our subjects under-
stood the nature of the task and were easily
tested. The track ball we have used allowed
fine variation of the stimulus position and
did not offer any difficulty for any subject.
Lack of motor coordination was not ob-
served in any patient.

We think that the variability of the posi-
tional judgments explains why Vernier acu-
ity is not routinely measured by ophthal-
mologists. Our results show that for all age
groups tested, the number of trials required
to measure a mean Vernier threshold value
with a confidence interval of 10% ranged
from 100 to 700. The fact that this number
did not differ with age agrees with previous
results (4) and indicates that this feature is an
intrinsic characteristic of the neural process
involved in Vernier acuity. In fact, it is pos-
sible that the cognitive ability of our age
groups was not the same, with young adults
and older subjects being more comfortable
than children with a task that requires high
levels of attention. Yet, the dispersion of the
data was essentially the same for all age
groups. An attentional process probably ex-
plains why children have higher thresholds
than adults, as suggested by some (23,24)
and confirmed in the present study.

The variability of the Vernier acuity tri-
als is certainly an obstacle to the clinical use
of the procedure. It is important to note that
in the vast majority of the psychophysical

Figure 3. Calculation of number of trials to provide a mean Vernier acuity with a 10%
precision. This number ranged from 66 (subject #8 of group 4) to 1068 (subject #1 of group
3). Age groups: 1 = 5-10, 2 = 11-20, 3 = 21-30, 4 = 31-40, and 5 = 41-50 years.
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studies on Vernier acuity the number of sub-
jects tested was small and the time needed
for training quite long. In their classical pa-
per on the effect of training in Vernier acu-
ity, McKee and Westheimer (1) used more

than 2000 responses for each subject. Since
then training has become a mandatory pro-
cedure for measuring Vernier acuity. Clini-
cians simply cannot do that during routine
examinations.
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