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How Reliable is the Ishihara Test?
Ishihara Testleri Ne Kadar Giivenilir?

Murat ISIK'

ABSTRACT

Purpose: Ishihara Pseudoisochromatic-plates first published in 1917 is the most preferred test to diagnose colour-blindness although the test
has many drawbacks which may affect test results. The aims are to examine drawbacks of the Ishihara test, to investigate the ophthalmologists’
colour vision test usage habits and views, to analyse the result parameters such as individuals’ response time for per plate and total test duration.

Methods: To investigate the ophthalmologists’ views, a 12-item questionnaire was applied to 140 ophthalmologists who have professional
experiences in colour-vision tests in daily practice. To measure response time duration of per plate and total test duration, a brand-new Ishihara
38-plate version has been scanned and applied on 250 individuals through a PC.

Results: Almost all the participants (98.57%) were using Ishihara pseudoisochromatic-plates in their daily routine clinical practice even though
85% of them believe that the Ishihara test does not meet their needs at least partially. They also believe that the plates deform in time and lose
their accuracy. The standard deviations of the total test duration of per plate are quite high which means the total test duration for the Ishihara
test cannot be standardized.

Conclusions: It is a matter of debate to use the Ishihara test with so many drawbacks which some of them may affect test results directly.
Ishihara instruction about time is one of the contentious issues to decide if it should be followed during the test. For more definite results, the
study should be applied on more individuals and the results should be compared with Anomaloscope.
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Amag: ilk calismalar1 1917 yilinda yapilmis olan ve test sonucunu degistirebilecek birgok zayif yénlere sahip Ishihara psddoizokromatik
paletleri renk korliigiiniin tanisinda en ¢ok tercih edilen testtir. Bu ¢caligmanin amaglari, Ishihara testinin zayifliklarini analiz etmek, g6z hekim-
lerinin renkli gdrme testleri hakkinda aliskanliklarini ve goriislerini incelemek, test uygulamasinda her bir test paletinde harcanan siire, toplam
test siiresi gibi parametreleri analiz etmektir.

Metot: Gz hekimleri gériislerinin incelenmesi i¢in, 12 soruluk bir anket hazirlanmis ve renkli gérme testleri konusunda alaninda uzman 140
g6z hekimine uygulanmistir. Deneklerin her bir test paletinde harcadiklari siire ve toplam test siiresini 6l¢mek i¢in, yeni 38-paletlik bir Ishihara
testi taranarak bir bilgisayar lizerinden 250 denege uygulanmustir.

Sonug: Neredeyse ankete katilan tiim g6z hekimleri (%98.57) giinliik uygulamalarinda Ishihara psddoizokromatik paletlerini kullantyorlar
ancak buna ragmen %851 Ishihara testinin ihtiyaglarini en azindan kismen karsilamadigina inanmaktadir. Ayrica bu test paletlerinin zamanla
deforme oldugunu ve dogruluklarinin azaldigina inanmaktadirlar. Toplam test siireleri standart sapmasinin oldukga yiiksek olmasi Ishihara
testleri igin toplam test siiresinin standartlastirilamayacagini gostermektedir.

Tartisma: Sonuglar dogrudan etkileyebilecek bircok zayif yone sahip Ishihara testlerini kullanmak bir tartisma konusudur. Ishihara testinin
zaman ile ilgili yonergesine uyup/uymamak ise ayri bir tartisma konusudur. Daha kesin sonuglar i¢in ¢alisma daha fazla denek {izerinde uygu-
lanmal1 ve sonuglar Anamaloskop ile karsilastiriimalidir.

Anahtar Kelimeler: Biyomedikal, Renk-korliigii, ishihara.
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How Reliable is the Ishihara Test?

INTRODUCTION

Seeing colourful is one of the vital attributes of visual per-
ception. The colours emerged by perceiving reflected light
from objects around us. When the reflected light enters the
eye, it is focused on the retina where it is absorbed by pho-
toreceptors. There are two kinds of photoreceptors Rods and
Cones.'? Rods are intensively sensitive to light, enabling
people to see in very dim conditions, but cannot distinguish
colours. Besides, cones are less sensitive. They are responsi-
ble for daylight vision and sensitive to colours.** The cones
contain three types of pigments, red, green and blue.*’ The
reflected light absorbed by three types of cones is transmit-
ted as signals through the optic nerves to the brain. Colour
vision is a perception which happens in the brain.>'® Any
defects at one or more of the three cone types will defect
the colour perception process. The defects at the level of
perception of the colours called as colour blindness. In other
words, colour vision deficiency also called colour blindness
is the decreased ability or inability to perceive colour differ-
ences or see colours, under normal lighting conditions. %2

8% percent of male'*'%!” and 2% percent of female!” in to-
day’s population suffer from colour blindness. Colour blind-
ness is one of the most common genetic disorders observed
in the human population.'>!?

In the related literature, there are many tests to determine if
an individual is colour blind or not. Ishihara pseudoisochro-
matic test is the most commonly used test to diagnose colour
deficiency?'"* and it has almost a century background. The
Ishihara test plates have shown to be successful in an early
diagnosis of colour vision defects. This commonly used co-
lour vision test was initially intended to identify those who
suffered from red-green aspect of congenital colour blind-
ness however, it may be of use to reveal acquired colour
vision defects as well.*

AIMS

Ishihara Pseudoisochromatic plates first published in 1917%
is the most widely used test to diagnose colour blindness.
283840 The Ishihara test has many drawbacks besides some
of them are so significant which can cause to produce incon-
sistent result.

The listed drawbacks in the Conclusion section of The Ishi-
hara test arise a question that “Why the Ishihara test is the
most preferred test for colour blindness since the last centu-
ry?”. An even more fundamental question is “Do the oph-
thalmologists consider these drawbacks during the test?”

In this paper, our main aim is to answer these questions
through the objectives listed,

e to examine drawbacks of the Ishihara test.

* to investigate the ophthalmologists’ colour vision test

usage habits and views if it meets the needs of their de-

mands in clinical practice.

 to analyse time duration of the Ishihara plates by measur-
ing every individuals’ response time to per plate and cal-
culating total test duration. By this means, to determine
if the test instruction about time condition should be fol-
lowed or not. There are no papers in the related literature
about measuring time consumption of the plates.

IMPLEMENTATION OF THE QUESTIONNAIRE

Table 1. The Questionnaire.

Which colour test do you usually prefer in your daily

1 .
practice?

2 | Why do you use your preferred colour test?

Do you think the colour test you apply to the colour-
blind patients, give you detailed information and meet

3 . .
to your needs (ex. Type of the colour blindness, which
wavelength was confused etc.)?

4 Do you consider about ambient light while applying
colour test?

5 Do you consider about finger prints, dusts, wear and tear
on the plates?

6 Do you think the Ishihara Colour Plates are deformed in
time? (ex. Colour saturation, contrast lost etc.)

7 Do you think the Ishihara Colour Plates lose their
accuracy in time?

p Do you think applying Ishihara Colour Plates in different
clinics can produce some discrepancy in the results?

9 Do you think is there a need for standardized a test which

offer colour blindness type and the confused wavelength?

Do you want to use a test which is developed by
10 | computerized methods, fast and easily applicable, can
analyse the related colour blindness type and wavelength?

Do you think this program developed by computerized
methods can be more objective while ensuring the
professional standardizations (ex. Pilot, military personal,
police, driver etc.)?

11

How much budget do you prefer to devote for this

12 .
program developed by computerized methods?

140 ophthalmologists (112 Male and 28 Female) have
participated in a 12-item questionnaire shown in Table 1.
Participation in the questionnaire was only allowed by an
invitation sent by email. The invitation has been only sent
to ophthalmologists who have professional experiences in
colour vision tests in daily practice. Table 2 shows the de-
scriptive statistics of the participants. The mean age of the
participants is 37.47 years and mean experience year of the
participants is 10,67 years.
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Table 2. Descriptive Statistics of Participants.
Participants (n=70)
n (%) Description
66 (47.1) 30£5
Age (Years) 52 (37.1) 40+5
16 (11.4) 50+5
6(4.3) 60+5
Sex 112 (71.4) | Male
28 (28.6) Female
50 (35.7) University Hospital
52 (37.1) State Hospital
Institution | 24 (17.1) Training and Research Hospital
12 (8.6) Military Hospital
2(1.4) Private Hospital
50 (35.7) 0 - 5 years
Experience 52 (37.1) 6 - 10 years
(Years) 14 (10) 11 - 15 years
24 (17.1) >16 years

IMPLEMENTATION OF THE ISHIHARA TEST

Marey et al. scanned the first 21 plates from a brand-new
Ishihara test with 600 dpi scanner and applied on their sub-
jects with the traditional Ishihara plates in their study. They
have achieved 100% sensitivity and 98.78% specificity.*!
Isik et al. applied scanned images to their participants. They
made no adjustments or modifications on their scanned im-
ages. They have achieved 100% sensitivity and 100% spec-
ificity through the traditional Ishihara plates in their study.*
In related literature, there are other similar papers that show
the test results gathered from scanned Ishihara plates are ex-

tremely enough to diagnose if an individual is colour blind
or not. Therefore, for this study, we have used scanned Ishi-
hara plates by means of computer screens instead of tradi-
tional Ishihara plates.

In our test setup, we have used an Acer monitor which has
a resolution of 1920 x 1080-pixel, the brightness of 200 cd/
m2 and the contrast ratio of 600:1. The screens have been
used at a maximum level of illumination. The test room is
52 square meters and illuminated by both sufficient sunlight
and sixteen cool white Philips fluorescent tubes (16 x 40W).
The light level near the screens is measured as between 682
— 736 lumens during the study. In this study, the colours
emerge by the screen not the reflected light, so the ambient
light will not affect the results. Isik et al. applied scanned
plates with different ambient lights and reached the same di-
agnostic results with very close sensitivity and specificity.*?

A brand-new Ishihara 38 plate version test has been scanned
with 1000 dpi resolution scanner. No adjustments or mod-
ifications have been made on the scanned plates. A pro-
gram has been developed in JAVA platform to apply all the
scanned plates to the individuals. Time consumption of the
per plates has been measured and recorded to the database
through the designed program. Figure 1 shows some of the
scanned pictures from the designed program.

The subject group consists of 250 voluntary individuals who
are at the students at a vocational school and aged from 18
to 21. All individuals have been chosen from students who
successfully completed ‘basic computer training course’. In
this way, it can be assumed that proficiency in the use of
computers does not affect the test results. Because of the
Ishihara plates is in a certain order, it can be easily memo-
rized and answering the memorized plates will affect the test
results unfavourably. Because of that, the individuals have
been chosen who never took any colour vision test and did
not aware of their colour vision situation before the study.

[‘what do you sea?
1 couldn't see

Next

What eolour do you trace?

Purple and red line
Purple and red {weak} Mext J
Red and purple {veak) -
| couldn't trace

Figure 1. Scanned plates from the designed program.



254 How Reliable is the Ishihara Test?

The individuals are .separated. rarild.omly in groups of five Table 3. Time duration results of the test (Plate I to 25).
and each group cons'lsts of 32 1nd1v1duals'. Befc?re the study, Colour Blind Normal Vision
they have put on notice that the test duration will be record-
ed, and they also have been informed about the process & Pll\?;e Mean | Median IS)?:, Mean |Median ]S)te(i
appl'lcatlon otiThF Ishihara tes‘F which took approximately " 298 | 226 2.19 591 5.53 2.19
1 minutes. This time consumption has been excluded from
the total test duration. The individuals have been positioned 2 765 | 679 413 4,40 3:47 2,50
75-centimeter distance of the monitor and their sitting po- 3 673 | 48 4,36 3,87 3,16 2,08
sition has been arranged to be perpendicular to the test 4 576 | 4,58 3,29 4,26 3,52 2,05
screens. A numpad and a mouse have been given to every 5 6,84 4,63 4,42 4,14 3,23 2,25
individual to enter their answers. As soon as an individual 6 8,13 8,32 3,33 3,40 2,66 1,82
press any button on the numpad to write his/her answer or 7 897 | 5,84 7,02 437 3,26 2,88
click on the mouse to choose their answer for winding lines 8 837 | 721 4.66 3,73 3,15 1.90
between two X, the. program blurs the test plate and records 9 634 | 589 2.69 473 4.02 244
the measured time into the database.
10 6,73 6,31 3,00 3,49 2,84 1,66
RESULTS 11 6,72 6,52 3,43 3,45 2,80 2,06
12 6,22 5,83 3,14 4,23 3,52 1,75
In the Ishihara test instruction, each answer to the numer- 13 560 | 423 3,38 3.82 3,10 1.84
ical plates which are platel to 21 should be given without 14 | 630 | s5.12 3.20 3.34 2.57 2.18
more than three seconds delay. In respect of the plates 26 to
38 which are for winding lines between two X, the answer 15 [ 693 ] 572 3,64 3,33 2,65 1.87
should be given within ten seconds.?®?’ So, it means that if © | 58 | 27 S 19 Sl 125
an individual response time is more than instructed, it should 17 1627 | 629 2,94 5,80 4,93 3,08
be accepted that the individual couldn’t see the test plate. 18 | 850 | 8,01 5,58 | 1097 | 9,33 745
In this study, no test plate has been skipped depending on D | 698 | 541 6,72 7,65 6,44 5,54
the time delay. Ishihara instructions except time condition 20 || B || G U 15D ) G
have been complied to determine if an individual is colour 21 | 7,17 | 5,18 5,42 7,42 5,33 6,27
blind or not. The readings of the plates 1 to 21 has been used 22 | 870 | 6,94 4.87 5,46 4,56 3,23
to determine the normality or defectiveness of colour vision 23 6,39 5,70 3,57 3,63 3,15 1,69
as Ishihara user manual instructed.?®?’ If 17 or more plates 24 | 7,05 | 5,25 4,57 3,74 3,10 1,96
are read normally, the colour vision is regarded as normal. If 25 | 544 | 5,11 2,30 3,84 3,11 2,25
only 13 or less than 13 plates are read normally, the colour
vision is regarded as deficient. Table 4. Time duration results of the test (Plate 26 to 38).
Table 3 and 4 show the mean, median, standard deviations Colour Blind Normal Vision
of the measured time duration as seconds for per plate. The Plate | o oo | Median| S | Mean |Median| Std:
table also shows, on the contrary of the Ishihara test instruc- N W Lt
tion, most of plates 1 to 25 couldn’t be answered under three 26 | 16,33 | 1487 | 9,36 | 21,60 | 16,18 | 18,51
seconds by persons who have normal colour vision. Persons 27 | 11,93 | 9,64 8,55 8,89 6,85 6,29
having colour vision deficiency spend more time on the 28 [ 11,93 | 9,64 8,55 8,89 6,85 6,29
plates as expected. On the contrary, persons having normal 29 10,92 | 5,89 9,25 8,33 5,69 8,69
colour vision spend more time on the plate 18 and 26. Be- 30 | 10,04 | 679 7,55 1048 | 7.83 7.84
c.ause on those plates, they try to read a number or trace a 31 | 12.64 | 589 1684 | 6.7 4.0 4.29
line even they are not supposed to. 32 1029 5.0 13.64 5.88 5.13 3.29
33 10,51 | 6,31 9,77 4,73 3,93 2,60
34 | 12,81 | 9,12 10,99 9,42 6,20 8,05
35 | 1436| 8,83 | 1624 | 634 | 492 | 446
36 | 11,40 | 5,67 11,45 7,64 6,76 4,22
37 | 856 | 541 | 934 | 6,01 | 484 | 3,66
38 6,14 5,19 3,13 5,61 4,12 8,83
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Table 5. Comparison of diagnostic results with/without Table 6. The questionnaire results.
following the instructions. Question Results
Ishihara Results Number Yes No Partially Other
Colour | Normal 3 D) 66 42 0
deficiency | vision (16.92%) | (50.77%) | (32.31%) | (0.00%)
compliance with the time condition 113 137 y 68 38 32 2
noncompliance with the time condition 51 199 (48.57%) | (27.14%) | (22.86%) | (1.43%)
5 8 86 43 3
It has been observed that the individuals spent more time on Gl | ©las) | COilY) | Ze1a%)
the plates than recommended. Table 5 shows the comparison 6 106 22 12 0
. . . . (75.71%) | (15.71%) | (8.57%) | (0.00%)
of diagnostic results between compliance and noncompli-
ih the ti dition in the instruction durine th 7 72 10 53 5
ance wi e '1me c.on 11o.n in the 1n§ ruction '1.1r1ng e (51.43%) | (7.14%) | (37.86%) | (3.57%)
test. If the Ishihara instruction about time condition were 7 s 13 )
followed, most of the individuals including the ones who 8 (50.71%) | (38.57%) | (9.29%) | (1.43%)
answered the plates correctly would be diagnosed as a co- 104 10 2 4
lour blind. g (7429%) | (7.14%) | (15.71%) | (2.86%)
Therefore, this study has shown that the Ishihara instruction 10 126 2 6 6
e H 1t Hructol (90.00%) | (1.43%) | (4.29%) | (4.29%)
about time is one of the contentious issues to decide if it 126 p 4 4
should be considered or not during the test. Besides, table 3 L (90.00%) | (4.29%) | (2.86%) | (2.86%)

and 4 also shows that the standard deviations for per plate
are different from each other additionally they are high val-
ues so the total test duration couldn’t be standardized for the
Ishihara test. The time limit should not be under six seconds
for the plates 1 to 26. Before the test, the individual should
be informed that it’s ok unable to read some plates, to pre-
vent time delay on the plates 18 and 26.

Atotal of 140 participants (112 male, 28 female) with a mean
age of 37.47 years have completed the questionnaire. Figure
2 shows that almost all the participants (98,57%) were using
Ishihara pseudoisochromatic plates in daily clinical practice.
However, Table 6 shows that 83% of the participants believe
that Ishihara pseudoisochromatic plates do not meet their
needs and do not give any detailed diagnostic results at least
partially (Question number 3).

Table 6 shows the questionnaire results. Although the ambi-
ent light is the vital factor for colour formation, only 48.57
percent of the ophthalmologists take it into consideration
during the test. Surely this is a flaw in practice, but the test is
very prone to cause misdiagnosis. Using Ishihara Plates over
time can cause wear and tear, fingerprints and dust because
of that seeing the colours on the plates will be more difficult
even for persons having normal colour vision. Most of the
ophthalmologists do not consider this fact. 75.71 percent of
the ophthalmologists believe that the plates are deformed in
time and most of them think that the plates lose their ac-
curacy in time. Of course, these flaws can be overcome by
replacing the test book with a new one. But how often the
clinics change the test book in practice is another subject to
analyse. At least half of the ophthalmologists specified that
the plates in different clinics can produce some discrepancy
in the results.

Figure 3 shows that why Ishihara is the most preferred co-
lour test. As it can be seen in the figure, the ophthalmologists

Other
Anomaloskop
D-15 Desaturated Panel

Farmsworth-Munsell 100 hue test i

0

Ishihara Pseudoisochromatic Plates IS

20 30 40 50 60 70 80

Figure 2. Which colour test do you usually prefer in your daily practice?
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118

20 e 35

0 | fR
Easy to use
professional

Does not require a

128

s 0

Practical

Figure 3. Why do you use your preferred colour test?

use The Ishihara test because it is easy to use, practical and
does not require any professional. Anomaloscope is known
as a golden standard to diagnose colour vision.?*33434 But
it is not practical to use and does require a professional to

apply.

The ophthalmologists stated that for colour vision assign-
ment there is a need for a new computerized test which can
also give detailed diagnostic results.

CONCLUSIONS

The Ishihara test which has almost a century background
does not fit today’s technology and has many drawbacks as
listed below:

» Using the plates over time causes wear and tear, dust, fin-
gerprints®®? therefore the colours on the plates will be
more difficult to see, so the test accuracy will be reduced.

* There is no established standard for the papers used in
the plates. Therefore, the brightness levels and qualities
of the colours used in the plates are also dependent on the
quality of the paper used.*

» There is a risk that the output printer cannot achieve the
same required level of sharpness and clarity at all the
time.’!

* The introduction of direct sunlight or the use of electric
light may produce some discrepancy in the results.?6’

* The colours used in the plates are applied to the persons
without measuring their accuracy.?**

* The test cannot determine a person’s stability/instability
to choose.*

* For colours to occur, the ambient light is one of the vital
conditions which can also cause misleading results if it is
not observed.

* Daylight enters the test room with different angles at dif-
ferent times in a day can cause different test results.*

» Total test duration is ambiguous.

* The Ishihara test does not give detailed results, so it is
very difficult to carry out further scientific studies with
the results.

» Because of the Ishihara plates is in a certain order, an in-
dividual may memorize all the answers.

* There are no plates to diagnose Tritanopia colour blind-
ness in The Ishihara test,* so it impossible to diagnose if
an individual suffers from Tritanopia colour blindness.**

» There may be severity differences which even can be
seen between Ishihara tests.?!*53¢

* Ishihara plates fade when exposed to sunlight.?6*’

* Occasionally, some Ishihara plates could not be identified
correctly by subjects deemed to have normal colour vi-
sion.”’

It is a matter of debate that the accuracy of the results from
the Ishihara test with the drawbacks listed. Of course, some
of the drawbacks caused by practitioner in practice but it
doesn’t change the fact that the test is so prone to cause mis-
diagnosis. The questionnaire has proved that most of the
ophthalmologists do not entirely follow the test instructions
and still use Ishihara pseudoisochromatic plates for colour
vision assessment in their routine practice. However, they
thought that it does not meet their needs and believe that a
new computer-based colour vision test is essential for the
detailed examination of the patients with colour vision de-
ficiency. Although some of the drawbacks can be accepted
as an implementation flaw, these flaws may cause different
results. Ishihara instruction about time is one of the con-
tentious issues to decide if it should be followed during the
test. For more definite results, the study should be applied
on more individuals and the diagnostic results should also
be compared with Anomaloscope which is known as a gold-
en standard for colour vision assignment. The questionnaire
used in this paper is a preliminary study. The questionnaire
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can be expanded with more questions and applied to more
ophthalmologists.
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