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Influence of learning effect on blue-on-yellow
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Purprose. Some studies have found that a significant blue-on-yellow perimetry (B/YP) learning ef-
fect exists in patients with ocular hypertension (OHT) or open-angle glaucoma who were experi-
enced in standard automated perimetry. However, very little is known about the B/YP learning ef-
fect in normal subjects and patients without previous white-on-white perimetry (W/WP) experience.
Meanwhile, it is unclear whether the B/YP learning effect is influenced by age and refraction.
MeTtHoDs. Twenty healthy subjects, 26 OHT and 14 primary open angle glaucoma (POAG) pa-
tients, underwent three full-threshold B/YP tests at intervals of 7 to 21 days. Of the 60 sub-
jects, 38 had no previous W/WP experiences, 22 had previous W/WP experiences for at least
two times. The parameters investigated to detect a learning effect were the perimetric indices
and the test duration (TD).

ResuLts. Learning effects were demonstrated for mean deviation (MD), pattern standard deviation
(PSD), short-term fluctuation (SF), and TD. Significant differences were found between the MD,
PSD, SF, and TD of the first test and those of the second and third tests (p<0.05). However, no dif-
ference was found between those parameters of the second and third tests. No statistically signif-
icant differences were noted in terms of MD,, ,., MD1, 5., PSD o 5.0 PSD gy a0 TDgto0ne @Nd
TD, 5,4 between the group with W/WP experience and the group without previous W/WP experi-
ence (p>0.05). No statistically significant differences were noted in terms of those parameters among
the normal subjects and the patients with OHT or POAG (p>0.05). No significant difference was
found in the B/YP learning effect among various age groups (p>0.05) and among various refraction
groups (p>0.05).

ConcLusions. A significant learning effect was observed between the first and the second or third
tests and the perimetric indices appeared improved at full-threshold B/YP. The previous W/WP ex-
perience and the subject age and refraction did not influence the B/YP learning effect. This above
all should be taken into account when considering the clinical use of this test to avoid erroneous
diagnostic conclusions. (Eur J Ophthalmol 2008; 18: 392-9)

Key WoRrps. Blue-on-yellow perimetry, Learning effect, Normal subject, Ocular hypertension,
Primary open angle glaucoma

Accepted: November 3, 2007

INTRODUCTION

Since Pederson and Anderson (1) and Quigley and asso-
ciates (2) showed that, with white-on-white perimetry
(W/WP), early glaucomatous visual field damage may not
be detected until 30% of the ganglion cells are lost, sev-

eral psychophysical tests have been developed to detect
early glaucomatous damage, including frequency-dou-
bling technology (FDT), high-pass perimetry, motion auto-
mated perimetry, flicker perimetry, and blue-on-yellow
perimetry (B/YP) (3-13).

B/YP is a type of visual field examination technique which
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is a combined method of visual field test and color vision
test. B/YP is considered to be able to detect the defect of
short-wavelength color visual fields (14). Research has
shown that the B/YP is a high sensitivity method for de-
tecting visual field defects and predicting the develop-
ment of visual field loss in glaucoma (12, 13, 15, 16).

In W/WP or standard threshold perimetry, the learning
effect can influence the results of a visual field test in
both healthy and glaucomatous patients (17-20). Healthy
untrained subjects tend to produce specific patterns of
artifactual field loss, which in glaucomatous patients are
added to the truly pathologic perimetry defects (21, 22).
Thus, patients need time to learn any new psychophysi-
cal test and tend to improve their performance in subse-
quent examinations (22).

The B/YP learning effect has been reported by others
(23, 24). Rossetti et al (23) and Wild et al (24) found that
a significant B/YP learning effect existed in patients with
ocular hypertension (OHT) or open-angle glaucoma who
were experienced in standard automated perimetry.
However, very little is known about the B/YP learning ef-
fect in normal subjects and patients without previous
W/WP experience. Meanwhile, it is unclear whether the
B/YP learning effect is influenced by age and refraction.
The purpose of our study is to evaluate the influence of
learning effect on B/YP in healthy subjects and patients
with OHT and primary open angle glaucoma (POAG)
with or without previous W/WP experience, and to in-
vestigate the influence of age and refraction on the B/YP
learning effect.

METHODS

The research followed the tenets of the Declaration of
Helsinki and all subjects signed an informed consent be-
fore inclusion in the study.

Twenty healthy subjects, 26 patients with OHT, and 14
patients with POAG were recruited from the Ophthalmol-
ogy Department of Ruijin Hospital, and one eye each
was randomly chosen from those subjects for inclusion
in this study. No subject had been evaluated by B/YP
before. Subjects were not excluded on the basis of gen-
der, age, or race. Color blindness and other eye dis-
eases and neurologic diseases were excluded for all
subjects. The mean age of healthy subjects, patients
with OHT, and patients with POAG was 43.10+14.59
years (range 25-69), 47.31+11.81 years (range 21-61),

and 53.71+10.20 years (range 46-73). In the healthy
subjects group, 10 of the 20 subjects were men, in OHT
group, 6 of the 26 patients were men, and in POAG
group, 6 of the 14 patients were men. The refractive er-
ror ranged from -7 to +5 diopters. All patients had a cor-
rected visual acuity equal to or better than 0.8. Of the 60
subjects, 38 had no previous W/WP experiences (includ-
ing 20 normal subjects and 18 OHT), 22 had previous
W/WP experiences for at least two times (including 8
OHT and 14 POAG).

The inclusion criteria for healthy subjects were corrected
visual acuity =0.8, refractive error ranging between +5 and
-7 spherical diopters, intraocular pressure (IOP) <21
mmHg, absence of optic disc abnormalities (such as
cup/disc ratio >0.5, localized defect in the neuroretinal
rim, nasal cupping, disc hemorrhage, or cup/disc asym-
metry >0.2), and normal results in W/WP (less than three
adjacent points within p<5% at the corrected probability
plot). Subjects with lens or corneal opacities, any abnor-
mality in the retina (such as age-related macular degener-
ation, diabetic retinopathy, vein occlusion), glaucoma in
the other eye, previous ocular surgery, family history of
glaucoma, migraine, or neurologic disease were excluded.
Patients with OHT were identified if they had high I0P
measured by Goldmann applanation tonometer (IOP >21
mmHg without any treatment), normal visual field with
conventional W/WP, open angle at gonioscopy, and nor-
mal optic nerve head and retinal nerve fiber layer on
clinical examination (25).

Patients were classified as having POAG when they had
a typical glaucomatous visual field with conventional
W/WP and/or a typical abnormal optic nerve head, open
angle at gonioscopy, IOP >21 mmHg with no treatment,
and no clinically apparent secondary cause for their
glaucoma (25). A glaucomatous visual field defect was
defined as follows: three adjacent points depressed by 5
dB, with one of the points depressed by at least 10 dB;
two adjacent points depressed by 10 dB; or a 10 dB dif-
ference across the nasal horizontal meridian in two adja-
cent points.

None of the points could be edge points unless immedi-
ately above or below the nasal horizontal meridian (26,
27). In addition, the results adopted for a reliable test
were less than 20% of fixation loss, 20% of false-posi-
tive, and 33% of false-negative. The optic nerve head
was examined by two glaucoma specialists (Y.Z., Y.C.),
and the abnormal optic nerve head classification was
based on the presence of an optic rim notch or of dif-
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Fig. 1 - Results of mean devia-

tion (MD), pattern standard de-
viation (PSD), corrected pattern
standard deviation (CPSD),
short-term fluctuation (SF), and
test duration (TD) shown among
three blue-on-yellow perimetry
(B/YP) tests. (A) The differences
between first and second, first
and third results with regard to

MD were significant (p=0.004
and p=0.0038, respectively). (B)
The differences between first

and second, first and third

results with regard to PSD
were significant (p=0.016 and
p=0.028, respectively). (C) No
significant differences of CPSD
were noted among three B/YP
tests (p>0.05). (D) The differ-
ences between first and sec-
ond, first and third results with
regard to SF were significant
(p=0.002 and p=0.0017, re-

spectively). (E) The differences
between first and second, first
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and third results with regard to
TD were significant (p=0.021
and p=0.019, respectively).

fuse/generalized loss of optic rim tissue, vertical
cup/disc (C/D) diameter ratio asymmetry unexplained by
side differences in optic disc size, and disc hemorrhage.
All subjects’ visual fields were assessed by Humphrey
field analyzer 750i (Carl Zeiss Meditec, Dublin, CA,
USA), program 30-2, full threshold. The test parameters
for B/YP were as follows: the yellow background lumi-
nance was 89 candela/m2, Goldmann size V blue stimu-
lus was used for the stimulus target, and the target dura-
tion time was 200 milliseconds and the interval time was
600 milliseconds. The crosshair in the screen provided a
central fixation mark. Data analysis was derived from all
76 single data points in the central 30 degrees of the vi-
sual field. All patients had a background illumination
adaptation for 5 to 10 minutes before visual field exami-

nation. All visual field examinations were performed under
the natural pupil size. If there was presbyopia present, it
was corrected by using proper convex lenses. In order to
make the patient understand the test procedure, one eye
of each patient was randomly selected to undergo about
1 minute training session before actual test. The results of
this training session were discarded. Right eye was tested
first, and then left eye with 30 minutes break. The test re-
sults were stored and printed. The criteria of abnormal
B/YP were the same as those of W/WP (12, 25).

All subjects had three B/YP tests, and the interval be-
tween the tests was at least 7 days and maximally 21
days in order to avoid the effect of the progress of the
visual field loss. Mean deviation (MD), pattern standard
deviation (PSD), corrected pattern standard deviation
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Fig. 2 - The differences of mean
deviation (MD), pattern standard
deviation (PSD), and test duration

(TD) between the first and the se-
cond blue-on-yellow perimetry
(B/YP) tests, between the first and
the third B/YP tests. (A) No statis-
tically significant differences were
noted in terms of the MD,, ,.,
and MD,, ., between the group
with white-on-white perimetry
(W/WP) experience and the group
without previous W/WP experien-
ce (p=0.362 and 0.451, respecti- L
vely). (B) No statistically significant
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(CPSD), short-term fluctuation (SF), and the test duration
(TD) were considered in the study.

Data are expressed as mean + SD, unless otherwise
stated. Statistical analysis was performed with the SPSS
program (version 12.0, SPSS Inc., 2003). The Kol-
mogorov-Smirnov test was used to evaluate whether the
samples were normally distributed. Because the distrib-
ution of the MD, PSD, and TD was normal, one-way
analysis of variance (ANOVA) followed by the Scheffe
test (homogeneity of variance) or Games-Howell test
(non homogeneity of variance) was used for comparing
the data among the first, the second, and the third tests.
Because the distribution of the CPSD and SF was not
normal and the data were paired, the Wilcoxon
matched-paired test was used for statistical analysis.
p<0.05 Was considered to be statistically significant.

RESULTS

Compared with the first test, 51 of the 60 tested subjects
had an improvement in B/YP results, and 9 subjects
showed unchanged or slightly deteriorated B/YP results.

For all the tested subjects, the MD in the first, second,
and third B/YP tests were —6.40+4.86 dB, —-4.55+3.61 dB,
and -4.51+3.70 dB, respectively. When the MD measured
in all subjects during the three B/YP tests were com-
pared, significant differences were found between the MD
of the first test and that of the second (p=0.004) and third
(p=0.0038) tests. No difference was found between the
MD of the second and third tests (Fig. 1A). The PSD was
3.68+1.03 dB at the first, 3.29+0.88 dB at the second,
and 3.30+0.91 dB at the third B/YP tests. Significant dif-
ferences were noted between the first and second
(p=0.016) and the first and the third (p=0.028) tests, but
no difference was found between the PSD of the second
and third tests (Fig. 1B). Figure 1C shows the CPSD in the
three B/YP tests; there were no significant differences of
the CPSD values among the three tests (p>0.05). The SF
in the first, second, and third B/YP tests were 2.07+0.68,
1.74+0.63, and 1.73+0.71, respectively. Significant differ-
ences were found between the first and second (p=0.002)
and the first and the third (p=0.0017) tests, but no differ-
ence was found between the SF of the second and third
tests (Fig. 1D). The TD was 16.02+1.73 minutes at the
first, 15.33+1.53 minutes at the second, and 15.28+1.60
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Fig. 3 - The differences of mean
deviation (MD), pattern standard
deviation (PSD), and test dura-
tion (TD) between the first and
the second blue-on-yellow per-
imetry (B/YP) tests, between the
first and the third B/YP tests. (A)
No statistically significant diffe-
rences were noted in terms of
the MD g 5,4y and MD;y 5.,
among the normal subject, ocu-
lar hypertension (OHT), and pri-
mary open angle glaucoma
(POAG) groups (p=0.614 and
0.682, respectively). (B) No sta-
tistically significant differences
were noted in terms of the
PSD, g 5,4 @nd PSD,, ., among
the normal subject, OHT, and
POAG groups (p=0.953 and
0.741, respectively). (C) No sta-
tistically significant differences
were noted in terms of the TD,,_
ong @nd TD,, 5., among the nor-
mal subject, OHT, and POAG
groups (p=0.880 and 0.858, res-
pectively).

Fig. 4 - The differences of mean
deviation (MD), pattern standard
deviation (PSD), and test dura-
tion (TD) between the first and
the second blue-on-yellow per-
imetry (B/YP) tests, between the
first and the third B/YP tests. (A)
No statistically significant diffe-
rences were noted in terms of
the MD ;g 5,q @and MD;g 5.,
among the +5 D~0 D, 0 D~-3 D,
and -3 D~-7 D groups (p=0.977
and 0.962, respectively). (B) No
statistically significant diffe-
rences were noted in terms of
the PSD1st.ong and PSDyst-3rg
among the +5 D~0 D, 0 D~-3 D,
and -3 D~-7 D groups (p=0.597
and 0.603, respectively). (C) No
statistically significant diffe-
rences were noted in terms of
the TD, 5,y @nd TD,; 5, among
the +5 D~0 D, 0 D~-3 D, and -3
D~-7 D groups (p=0.084 and
0.088, respectively).
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Fig. 5 - The differences of mean
deviation (MD), pattern standard

deviation (PSD), and test duration
(TD) between the first and the se-
cond blue-on-yellow perimetry
(B/YP) tests, between the first
and the third B/YP tests. (A) No
statistically significant differences
were noted in terms of the MD,,_
ong @nd MD,, 5., among the
20~40 years, 40~60 years, and
more than 60 years groups
(p=0.277 and 0.380, respectively).
(B) No statistically significant dif-

ferences were noted in terms of
the PSD, ,,, and PSD, , ..

among the 20~40 years, 40~60
years, and more than 60 years
groups (p=0.292 and 0.469, res-
pectively). (C) No statistically si-
gnificant differences were noted
in terms of the TD,, ,,4 and
TD,; 54 @mong the 20~40 years,
40~60 years, and more than 60
years groups (p=0.651 and 0.694,
respectively).
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minutes at the third B/YP test. Significant differences
were noted between the first and second (p=0.021) and
the first and the third (p=0.019) tests, but no difference
was found between the TD of the second and third
tests (Fig. 1E).

To study whether the W/WP experiences could influence the
B/YP learning effect, the subjects were classified as the group
with W/WP experience (n=22) and the group without previous
W/WP experience (n=38). The differences of MD, PSD, and TD
were respectively calculated between the first and the second
tests (MD, g ong PSD1gtongr TP1stong) @Nd between the first and
the third tests (MD,; 5,q» PSD1gi.3q» TD1sr.arq)- NO Statistically
significant differences were noted in terms of MD, , ,» MD, .
ard PSDistond PSDyg gy TDigongs @nd TDyg 54 between the
group with W/WP experience and the group without previous
W/WP experience (Fig. 2, A-C).

To evaluate whether differences in B/YP learning effect ex-
isted among the normal subjects, patients with OHT, and
patients with POAG, the subjects were divided into normal
subject group (n=20), OHT group (n=26), and POAG group
(n=14). The differences of MD, PSD, and TD were also re-
spectively calculated between the first and the second tests
(MD, ¢ ona» PSD1gtongs TP1stong) @Nd between the first and

the third tests (MD, g 54> PSD1gt.3rq» TP1st.arq)- NO Statistically

significant differences were noted in terms of MD., ,.,,
MDgi 3> PSDigp.ongr PSDig.arar TDistong: @Nd TDyg 5
among the normal subject group, OHT group, and POAG
group (Fig. 3, A-C).

To study whether the refraction could influence the B/YP
learning effect, the subjects were divided into the +5 D~0 D
group (n=24), 0 D~-3 D group (n=22), and -3 D~-7 D group
(n=14). The differences of MD, PSD, and TD were respec-
tively calculated between the first and the second tests
(MD, ¢ ong» PSD4giong» TD1stong) @Nd between the first and
the third tests (MD, g 5,4» PSD1gi.3rq» TP1s1.arg)- NO Statistically
significant differences were noted in terms of MD., ..,
MD s 3ra» PSDystongr PSDistargr TD1stonar @Nd TDygi 54
among the three groups (Fig. 4, A-C). To evaluate whether
the subject age could influence the B/YP learning effect, the
subjects were divided into the 20~40 years group (n=16),
40~60 years group (n=30), and more than 60 years group
(n=14). The differences of MD, PSD, and TD were also re-
spectively calculated between the first and the second tests
(MDD, onq» PSD1gongs TD1g0ng) @nd between the first and
the third tests (MD, g 5,q» PSD1gi.arq» TP1s1.arg)- NO Statistically
significant differences were noted in terms of MD
MD1st—3rd’ PSD1st—2nd’ F)SD1st—3rd' D
among the three groups (Fig. 5, A-C).

1st-2nd’

and TD

1st-2nd? 1st-3rd
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DISCUSSION

In any new test, a learning effect could be present. The in-
crease in sensitivity that has been documented as patients
naive to perimetric testing become more experienced with
the test is called the learning effect. In W/WP, the learning
effect can influence the results of a visual field test. This
perimetric effect has been observed in certain individuals,
and it suggests that some patients need perimetric experi-
ence before producing test results that can be reliably re-
produced and interpreted for clinical use. In these subjects,
the initial visual field tests typically show the depressions
that are sometimes substantial. As a consequence, perimet-
rically naive subjects in their initial field test may show ab-
normal results when judged by standard interpretation
guidelines (28). The learning effect can be clinically relevant,
causing an improvement in sensitivity (21, 29), but this effect
was not confirmed by other authors (30, 31).

Many studies have suggested that B/YP is able to detect
visual field loss in subjects with early glaucomatous dam-
age (12-16, 32-34). However, before analyzing the effec-
tiveness of B/YP in detecting early glaucomatous visual
field loss, it is important to determine the learning effect in
the healthy subjects, suspected glaucoma, and glaucoma
patients. In our data, a learning effect was present, and it
was statistically significant between the initial examination
and any of the subsequent tests. Rossetti et al (23) and
Wild et al (24) also found that a substantial B/YP learning
effect existed in patients with OHT or open-angle glauco-
ma who were experienced in standard automated perime-
try, but they did not study the B/YP learning effect in nor-
mal subjects and patients without previous W/WP
experience. Our results showed that a significant learning
effect was also present in normal subjects, and no signifi-
cant difference was found in the B/YP learning effect
among the normal subjects, OHT, and POAG. Even sub-
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