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Abstract

The Ishihara test plates are designed to offer a rapid and usable instrument to

diagnose color deficiency. The original test, as well as other pseudo-isochromatic

plates (PIP), is composed of physical charts produced following proprietary and

standard printing procedures. In this work, we aim to measure and assess the

color shifts that the aging of the plates may introduce. This work aims to raise the

scientific and medical community's awareness of the risks that may occur in using

an aged or damaged test, which may still appear in good condition but has been

subjected to deterioration over time.
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1 | INTRODUCTION

Since the first publication of the Ishihara test made by Dr
Shinobu Ishihara in 19181 (also if most authorities put
the origin as 1917), this color deficiency screening
method has spread all over the world, and today it is still
widely used to assess color vision. This test is part of the
pseudo-isochromatic plates (PIP) family and consists of a
set of plates composed of a circle filled with colored dots
of different colors and sizes (see Figure 1). Modern Ishi-
hara color plates are combined with a manual for inter-
preting the results (e.g., Reference 2), making this test
very simple to apply and interpret.

The Ishihara test is widely accepted to diagnose con-
genital red-green deficit (protanopia, deuteranopia, prota-
nomaly, and deuteranomaly). It was not designed to
facilitate the screening for tritanopia (blue-yellow defi-
cit).2,3 This is not a severe limitation since congenital tri-
tanopia is a rare condition. Tritan-like deficiencies can be

caused by retina and/or systemic diseases (e.g., diabetes)
that also affect vision. Therefore, tritanopia is more com-
mon in older subjects than congenital deficiency in all
subjects. The vast majority of cases involve red-green
color vision, affecting about 8.8% of males and 0.4% of
the female population.4,5 As a consequence, the Ishihara
test is inappropriate for use in the clinic, unless the aim
is to detect only late stages of disease when acquired
red/green loss more advanced.

The Ishihara test has been published in different ver-
sions, the full one made of 38 plates, the concise 24-plate
edition, and the new abbreviated 14-plate edition. As
Birch et al. presented in,6 just the 38 full plates version is
recommended for clinical practice.

The Ishihara test plates are intended to offer a rapid
and usable instrument to diagnose color deficiency. Due
to this, this screening test is usually used as a preliminary
test for color blindness diagnosis.7–9 In a recent study
conducted by John L. Barbur et al.,10 it has been
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demonstrated that the Ishihara test presents a high sensi-
tivity in detecting subjects with congenital red–green
color deficiency, even if this method has not been found
suitable to discriminate color blindness type.11,12 As a
consequence, even if other screening tests, like Nagel's
anomaloscope, are considered the golden standard to
diagnose and classify color blindness, the great usability
of the Ishihara test and its robustness make this test still
one of the most used. In fact, among all the different tests
to screen color deficiency, the Ishihara test is used in a
wide variety of domains, like in the industry,13 in schools,
and with children, in general,14,15 but also as part of the
multi-test protocol in the army or law enforcement
agencies.3,16

In this context, the widespread usage of the test can
lead to an incorrect method of administration or approxi-
mations in the screening test use. Considering the gen-
eral guidelines and the manuals provided with the
Ishihara test plates, it is stated that the plates are
designed to be used in an environment lit with “natural
light,” but there are no recommendations on the specific
light sources to use (e.g., D65, D50, A).2 Concerning the
use and maintenance of the charts, it is suggested not to
leave them exposed to strong light sources and to put
them back in their case.2 With this work, we aim to
underline the importance of measuring and checking for
the quality of the Ishihara charts, especially after more
than 1 year of usage. The charts are subject to continuous
human touching and manipulations. Since the plates are
made with physical colorants, they are subject to degra-
dation and fading, like all other colored objects. In this
context is critical to underline that, in many cases,

degradation can also occur when respecting the conserva-
tion guidelines.

In the literature, some works assess the importance of
making spectrophotometric analysis on the Ishihara
plates to control the quality of the print17,18 or to quantify
the plates aging.19 These studies aim to analyze the
structure of Ishihara plates in depth or demonstrate the
variations along different versions to improve the test's
validity.

This work presents the spectrophotometric and color-
imetric analysis of 36 colors derived from five plates
from the official Ishihara tests from 1995, 2000, 2004,
2018, and 2021. The considered colors have been mea-
sured and analyzed to define the differences and degra-
dation a single color can undergo through the years.
The main scope of this study is to raise the awareness of
the scientific and medical community on the risk
of using degraded Ishihara plates and on the importance
of keeping reasonable control of their quality for color
deficiency screening tests.

2 | TEST SETUP

2.1 | Ishihara plates colors

In this work, we have analyzed 36 colors derived from
5 plates from Ishihara 38 plates edition from 1995, 2000,
2004, 2018, and 2021, for a total of 180 measures. The
original charts were certified when purchased in
the years given above by GIMA2 and published by Kane-
hara Trading Inc. (Tokyo), Japan.20

The Ishihara 38 plates edition presents a specific clas-
sification of the plates depending on the content. The
ability to read the numbers from Plate 02 to Plate
21 defines if a red-green defect is present. Plates num-
bered 22, 23, 24 and 25 are the most useful to recognize
and to differentiate green from red blindness and to
classify absolute (protan/deuteran—anopia) or partial
(protan/deuteran—anomaly) defects. Plates from 26 to
37 show paths, not numbers, and are shown to illiterates
or candidates supposed to have memorized previous
plates with numbers. If the subject can read more than
17 plates, the color vision is normal; if the user can read
less than 13 plates, a color vision deficit is present. If the
correct answer of the user is between 17 and 13, further
color vision screening is suggested.2

The plates can be divided into several groups. Consid-
ering the colors composing the plates, we can have this
subdivision:

• Plate 01, plate 38
• Plates 02–05, plates 36–37
• Plates 06–09, plates 34–35

FIGURE 1 Ishihara Plate 01.

2 PLUTINO ET AL.

 15206378, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/col.22877 by U

niversita D
i M

ilano, W
iley O

nline L
ibrary on [05/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



• Plates 10–13, plates 32–33
• Plates 14–17, plates 30–31
• Plates 18–21, plates 28–29
• Plates 22–27

In the Ishihara plates, some colors are recursive
inside the charts; thus, to consider all the colors compos-
ing the charts, we selected some representative plates. In
this test, we analyzed 36 color points from Plate 1, Plate
3, Plate 6, Plate 12, and Plate 22 (see Table 1).

2.2 | Spectral acquisition

The 36 color points have been acquired through the CM-
2600d spectrophotometer by Konica Minolta. This porta-
ble instrument works in the visible range (from 360 to
740 nm), has a wavelength pitch of 10 nm and a system
of two pulsed Xenon lamps as the light source. A mea-
surement and illumination area of 3 mm in diameter
has been chosen for those acquisitions. The

measurements have been acquired in SCI mode (specu-
lar component included) with an automatic averaging of
three measurements. Even if this instrument allows
CIELAB coordinates to be measured, we derived those
values directly from the spectra.

An example of the acquired reflectance (%) spectra is
reported in Figure 2. In those plots, it is possible to see
the specific reflectance curve of the analyzed color
points for each measured wavelength. In Figure 2A are
reported the spectra of green (01) and orange point
(02) taken from the Ishihara plate 1 for 2021, 2018,
2004, 2000, and 1995 Ishihara books. Figure 2B reports
the reflectance curve of Point 07 from plate 3 from the
2021, 2018, 2004, 2000, and 1995 Ishihara books.
Considering the reflectance curves, which reflects the
physical properties of the used materials, the curves
variations involves mainly changes in spectra intensi-
ties, rather than shapes (e.g., Figure 2B curves from
1995 and 2021). Curves flattering can be caused by fac-
tors like aging, deterioration, as well as different color-
ants concentrations in different editions printings.

From the reflectance spectra of the selected color
points, it is possible to obtain different colorimetric coor-
dinates. At first, we converted the spectra in CIE XYZ tri-
stimulus values using the D50 as a reference illuminant.
Then, from the CIE XYZ, we computed the CIE xyY and
the CIE LAB values.21,22 The coordinates have been com-
puted considering the 2 ∘ standard observer.

In this work, we have used the CIE xyY coordinates
to obtain a plot of xy chromaticities (see Figure 3), useful
to visualize the direction and the magnitude of the color
shifts introduced by the Ishihara plates aging since they
can best be described in xy coordinates.

The underlying thought of pseudo-isochromatic
plates is that a color-deficient person has a reduced or
missing capability to distinguish certain colors. The
easiest description can be done in the xy color space,
where colors on so-called “confusion lines” cannot be
distinguished. The confusion lines are lines emanating
from a “co-punct”, and different co-puncts describe
different color deficiencies. A good overview can be
found in “Fundamental studies of color vision” by
Judd.24 Representatives of these confusion lines are
shown in Figure 3 using the deuteranope and prota-
nope co-punts by Judd.23

In our work, the CIE LAB color space has been
used mainly to compute the color difference among
colors. In Table 2 are reported the CIE XYZ and CIE
LAB values of the 36 analyzed points from the 2021
Ishihara plates.

To objectively define the difference between colors
and evaluate the magnitude of the difference introduced
by the plates aging, we computed the ΔE00 color differ-
ence.21,22 In this work, to compute the color difference

TABLE 1 Analyzed points associated with their color name

and Ishihara Plate.

Point Color name Point Color name

Plate 1

01 Green 02 Orange

Plate 3

03 Dark orange 08 Dark green

04 Light orange 09 Light green

05 Orange 10 Dark army green

06 Light red 11 Light army green

07 Red 12 Army green

Plate 06

13 Yellow 17 Red

14 Orange 18 Light green

15 Dark red 19 Dark green

16 Light red 20 Green

Plate 12

21 Water blue 25 Light orange

22 Dark army green 26 Dark orange

23 Light army green 27 Orange

24 Army green

Plate 22

Black 33 Red

Gray 34 Dark purple

Light gray 35 Light purple

Light red 36 Purple

Dark red

PLUTINO ET AL. 3
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between colors we used the CIE LAB values of the 2021
Ishihara color plates as a reference and defined the
values of ΔE00 comparing with it each color point from
2018, 2004, 2000, and 1995.

In this section, we specify that colorimetric conver-
sions have been made using a D50 reference illuminant.
Clearly, a variation in the illuminant systematically
affects the colorimetric coordinates; for this reason, it is
fundamental to perform PIP tests under standard illumi-
nation conditions.

In Figure 4 we reported the CIExy coordinates for
Points 28–36 from Plate 22, derived from Ishihara

Plates from 2021 and 1995. Here, we compare the
Points differences using a D50 (black arrows) and a
D65 (blue arrow) reference illuminant. From this
example, we can see that the shifts caused by aging
have corresponding directions and distances, so physi-
cal aging cannot be compensated by the use of different
theoretical light sources or colorimetric transforma-
tions. Clearly, in this experiment, we are not account-
ing for any color constancy adjustment, since the
human ability to compensate for varying light condi-
tions cannot be explained by a color theory based on a
physical model of light–matter interaction.25

FIGURE 2 Reflectance spectra of the orange and green dots in Ishihara Plate 01 (2A), and of point 7 (2B).

4 PLUTINO ET AL.
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3 | RESULTS

The CIE chromaticity diagram allows for representing all
the colors of the visible spectrum.* Thanks to the conver-
sion of the color point spectra into CIE XYZ coordinates,
it is possible to derive the CIE xyY coordinates, where xy
represents the chromaticity, and Y is the luminance of a

color. Consequently, the representation of the xy coordi-
nates allows for identifying how much color changes
independently from its luminance.

Considering that the 2021 Ishihara plates are the most
recent, we considered their values as a reference to assess
the aging of the other color points. In Figure 5 are
reported the xy chromaticities of all the 36 color points
from 2021 plates, compared with all the others. The aim
of these plots is to visualize the overall color shift under-
gone by the plates.

To see some examples of CIE xy variations through
the years, in Figure 6 are reported the values through the
years of Points 01, 02, 33, and 34, together with the prota-
nope and deuteranope confusion lines.

The CIE LAB color space is widely used to assess and
measure the color difference. In general, the L* value rep-
resents the lightness (from 0 to 100), the a* value repre-
sents the red-green opponent colors with negative values
toward green and positive values toward red, and b* rep-
resents the blue-yellow opponents with negative numbers
toward blue and positive toward yellow.22 In Figure 7, we
reported the a*b* chromaticities of all the 36 color points
from 2021 plates, compared with all the others. In addi-
tion, in this case, the points from the 2021 plates have
been considered as references. As for the CIE xy diagram,
in Figure 8, we reported the a*b* variations through the
years of Points 01, 02, 33, and 34.

FIGURE 3 CIExy chromaticity diagram with protanope (solid

lines) and deuteranope (dashed lines) confusion lines.23

TABLE 2 Values of CIE XYZ and CIE LAB of the 36 color points from the 2021 Ishihara plates.

Point XYZ (2021) CIELAB (2021) Point XYZ (2021) CIELAB (2021)

01 (0.20 0.26 0.21) (52.70 –22.88 0.40) 19 (0.24 0.28 0.12) (56.67 –13.92 26.81)

02 (0.50 0.35 0.07) (77.37 51.26 52.13) 20 (0.27 0.35 0.19) (59.83 –25.14 19.02)

03 (0.39 0.34 0.14) (69.58 21.28 29.45) 21 (0.23 0.28 0.24) (55.77 –18.08 –1.95)

04 (0.55 0.52 0.18) (80.19 12.68 40.21) 22 (0.21 0.25 0.10) (53.40 –13.78 25.25)

05 (0.50 0.43 0.15) (77.08 23.27 38.26) 23 (0.38 0.46 0.17) (69.17 –17.90 35.33)

06 (0.53 0.46 0.25) (79.11 22.70 20.43) 24 (0.25 0.30 0.13) (58.34 –12.62 25.75)

07 (0.37 0.31 0.18) (68.59 27.98 13.93) 25 (0.47 0.45 0.15) (75.17 10.18 40.36)

08 (0.21 0.27 0.15) (54.05 –21.89 15.00) 26 (0.31 0.30 0.12) (63.56 9.20 28.40)

09 (0.31 0.39 0.21) (63.57 –22.54 19.00) 27 (0.40 0.37 0.13) (70.39 14.74 35.60)

10 (0.26 0.29 0.12) (58.53 –8.29 26.33) 28 (0.08 0.08 0.07) (34.51 0.15 –1.24)

11 (0.42 0.47 0.16) (72.05 –10.21 39.09) 29 (0.16 0.17 0.13) (47.85 –0.58 1.15)

12 (0.33 0.37 0.14) (65.43 –8.84 33.29) 30 (0.32 0.33 0.23) (64.25 –0.35 7.55)

13 (0.62 0.53 0.09) (84.35 26.98 66.81) 31 (0.58 0.46 0.23) (81.66 36.04 23.06)

14 (0.57 0.42 0.09) (81.22 43.99 52.88) 32 (0.28 0.18 0.11) (61.10 49.58 12.39)

15 (0.31 0.23 0.11) (63.70 35.98 22.02) 33 (0.38 0.28 0.16) (69.18 41.41 14.26)

16 (0.55 0.47 0.21) (80.46 26.68 29.61) 34 (0.16 0.13 0.12) (47.89 20.82 –4.77)

17 (0.42 0.32 0.14) (71.68 34.43 25.53) 35 (0.48 0.39 0.28) (75.77 30.80 5.82)

18 (0.40 0.45 0.18) (70.67 –10.77 34.33) 36 (0.31 0.24 0.19) (63.43 29.77 3.06)

Note: The CIE LAB values have been used as a reference in the computation of the ΔE00, see Table 3.
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A more objective and single-point analysis of the dif-
ference is provided by the ΔE00 computation. In this
computation, we considered the CIE LAB values from
the 2021 Ishihara plates as a reference, as stated above

and computed the ΔE00 different from those values to the
ones from 1995, 2000, 2004, and 2018 respectively.
Table 3 reported the ΔE00 values of the 36 color points.
In general, a high value of ΔE00 corresponds not only to
a high distance between color, but also to a highly notice-
able difference. This means that two distant points are
not just numerically different but are also perceived as
different. Due to this, in Table 3 we have highlighted the
color points which present a ΔE00 value greater than 5.

In Table 4, we reported the average value of ΔE00, the
maximum and the minimum value for every
considered year.

In Figure 9 are reported the histograms of color differ-
ence between 2021 and 1995 color points (Figure 9A),
2021 and 2000 (Figure 9B), 2021 and 2004 (Figure 9C),
and 2021 and 2018 (Figure 9D).

Figure 10 is reported a representation of the average
ΔE00, maximum ΔE00 and minimum ΔE00 through the
years (see Table 4).

The effect of aging, deterioration or just differences in
PIP charts, affects the overall appearance of the plates, as
demonstrated in the previous assessments. In this context,

FIGURE 4 Example of CIE xy aging of Points 28–34, using a
D50 (black arrows) and D65 (blue arrows) reference illuminants.

1995 is represented by squares and 2021 by filled points. In the

images are also reported the protanope and deuteranope confusion

lines (see Figure 3).

FIGURE 5 Representation of the CIE xy coordinates of the single points from 2021 (filled points) with the ones from 1995 (squares)

(5A), 2000 (stars) (5B), 2004 (asterisk) (5C), and 2018 (circles) (5D).
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it is interesting to analyze the contrast shifts inside each
plate (intra-plate), thus comparing the color difference
amounts between Points of the same Plate, through the
years. We report this analysis in Table 5. Here, we
report the ΔE00, ΔL�, and Δa�b� between Points in the
same Plates, to assess the amount of variation in lightness
and chrominance contrast among PIPs from different
years.

4 | DISCUSSION

In the analysis and discussion of the results, it is impor-
tant to remember that the ΔE00 values and the chroma-
ticity diagrams are performed in two different color
spaces and that the chromaticity diagrams (xy and a*b*)

FIGURE 6 Example of CIE xy aging of Points 01, 02, 33, and

34. 1995 is represented by squares, 2000 by stars, 2004 by asterisks,

2018 by circles, and 2021 by filled points. In the images are also

reported the protanope and deuteranope confusion lines (see

Figure 3).

FIGURE 7 Representation of the CIE a*b* coordinates of the single points from 2021 (red filled points) with the ones from 1995 (purple

squares) (7A), 2000 (yellow stars) (7B), 2004 (orange asterisks) (7C) and 2018 (blue circles) (7D).
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do not include the lightness component, considered in
the ΔE00 computation.

Considering at first the plates from 1995, they present
the highest value of average ΔE00 (5.99) of the tested
colors and have 70% of ΔE00 values over 5.00. The highest
ΔE00 distances have been found for Point 24 (army green)
and Point 07 (red), with values over 10.00. These points
are followed by Point 10 (dark army green), Point 22 (dark

army green) and Point 23 (light army green), with values
above 8.00. The color shift in the green region can also be
visualized in Figures 5A and 7A. From this image, we
can see that many colors are moving toward a yellowish
region, maybe due to the aging of the paper of the
Ishihara plates. Furthermore, the 1995 colors are less sat-
urated than the original. Considering those analyses, this
test is severely degraded and not trustworthy for clinical
screenings.

Considering the plates from 2000, the average ΔE00

values are near the one of 1995, and, 58% of colors pre-
sent values above 5.00. The highest color difference value
has been found for Point 21 (water blue), followed by
Point 23 (light army green) and Point 24 (army green),
which are above 10.00. These points are followed by
Point 01 (green) with a value above 09.00 and Point
14 (orange) and 35 (light purple) with values above 8.00.
Considering the chromaticity diagram in Figures 5B and
7B, the points from 2000 are slightly near to the ones
from 2021, compared with the ones from 1995.

TABLE 3 Values of ΔE00 of the points from 1995 to 2018.

Note: In this Table the values between 5:00 and 5:99 have been evidenced in yellow and the ones above 10:00 in orange.

TABLE 4 Average, maximum, and minimum ΔE00 values

between the Ishihara from 1995, 2000, 2004, 2018, and 2021 one.

Avg ΔE00 Max ΔE00 Min ΔE00

1995 5:99�2:00 11.12 2.27

2000 5:71�2:73 12.96 1.92

2004 5:01�2:26 12.07 1.73

2018 2:40�1:32 5.52 0.44

FIGURE 8 Example of CIE a*b* aging of Points 01, 02, 33, and

34. 1995 is represented by purple squares, 2000 by yellow stars,

2004 by orange asterisks, 2018 by blue circles, and 2021 by red-

filled points. In the images are also reported the protanope and

deuteranope confusion lines.
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Furthermore, the tendency to the yellowish area of the
diagram is diminished. In addition, in this case, the color
shift is marked, and these plates are no longer suitable
for clinical use.

The plates from 2004 Ishihara present an average
ΔE00 of 5.01, and in this case, just 44% of color points
present a ΔE00 value above 5.00. The highest value
of color difference has been found for Point 23 (light
army green), and this color is followed by Points
14 (orange), 23 (light army green), 31 (light red), 32 (light
red), 34 (dark purple) and 35 (light purple), which pre-
sents values above 7.00. Considering the chromaticity
diagram in Figures 5C and 7C, the points in the green
area from 2004 present the most significant color shift

compared to the ones from 2000, in particular in the first
case the shift is more toward the green-blue region. In
addition, in this case, the Ishihara plates can no more be
considered valid.

From the analysis of the chromaticity diagrams, it is
clear that the 2018 plates are the ones which underwent
less deterioration (around 5%). Considering Figures 5D
and 7D, many points from 2018 are overlapped with the
ones from 2021, and the points in the green area present
a lighter shift. The colors in the red-orange region are the
ones which present the most significant color shift, and
this is confirmed by the ΔE00 analysis, in fact, Point 02
(orange) corresponds to the most extensive distance in
these plates. This point is followed by Point 24 (army

FIGURE 9 Values of ΔE00 for the 36 considered patches of 1995 (9A), 2000 (9B), 2004 (9B), and 2018 (9D).

PLUTINO ET AL. 9
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green), which presents a ΔE00 of 5.30. Compared to the
other years, 2018 plates present an extremely low average
ΔE00 value. Considering this analysis, we can consider
these plates still valid.

Considering the overall results, the points which pre-
sent the highest values of deterioration are Point 34 (dark
purple) and Point 33 (red), but from our analysis also,
Point 10 (dark army green), 11 (light army green),
14 (orange), 23 (light army green), 26 (dark orange),
28 (black), 31 (light red), 32 (dark red) and 36 (purple)
are among the most damaged. On the other hand, Points
04 (light orange), 15 (dark red) and 25 (light orange) are
the most stable through the years.

As it is possible to see from Figures 6 and 8 there is
not a defined trend in the deterioration of the patches.
This is due to the different chemical nature of the pig-
ments composing the Ishihara plates, which undergo dif-
ferent degradation processes which follow different
chromatic shifts. Considering Figure 6 it is important to
notice that the chromaticity coordinates significantly
move from the confusion lines, shifting away, like in
Point 34 for the year 2004 (asterisk), or moving near the
line, like in Point 1 for the year 2000 (star).

Considering the intra-plate variations reported in
Table 5, the average ΔE00 goes from 22.7 of 1995 to maxi-
mums of 24.44 (2018) and 24.31 (2021). Here, the differ-
ences in lightness are pretty stable, except for Plates from
2000, where ΔL� decreases to 13.04. Considering chromi-
nance values, Plates from 2000 present the highest differ-
ence (18.56), followed by Plates from 2018 (17.16); Plates
from 2004 and 2021 are very similar, and Plates from
1995 present the lowest difference. The variables which

lead to these intra-plate variations can be different (aging,
degradation, colorimetric approximations), and it is still
hard to determine to what extent these differences affect
the appearance of the Plates.

This analysis and this study do not aim at provid-
ing a decay model since the deterioration of those tests
is strictly linked to their usage and condition of con-
servation. Furthermore, even if Ishihara plates are cer-
tified by the producer, some variations among
different editions can be related to printing conditions
or colorants concentrations, which may cause slight
variations, like in editions of 2018 and 2021. The aim
of this work is to raise awareness of the risks of using
an expired or damaged test, which may still appear in
good condition but has been subject to the passage
of time.

Here, one must remember that the charts used in this
analysis were handed by an unknown number of users
over time. There was no controlled degrading experi-
ment, rather than a “real-life-usage” degrading involved.

In conclusion, an important consideration for the
continued usage of a single Ishihara test set is the aging
of the test charts. Ishihara test and other PIP tests are
composed of physical charts that follow proprietary and
standard printing procedures that guarantee accuracy at
the time of production. However, the widely different
usage scenarios might lead to a deviation from that accu-
racy over time, as we showed in this paper.

These tests are available today in digital versions, and
their efficacy has been evaluated using different
devices.26,27 In this context, using a digital Ishihara test
must seem a good solution to go against the passage of

FIGURE 10 ΔE00 trend through the years.
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TABLE 5 Intra-plate differences

obtained computing the ΔE00, ΔL�, and
Δa�b� between Points in the same

Plates through the years.

Year Points ΔE00 ΔL� Δa�b� Year Points ΔE00 ΔL� Δa�b�

1995 01–02 75.56 21.23 72.52 2000 01–02 71.69 14.46 70.22

03–04 18.27 14.24 11.44 03–04 17.82 12.61 12.59

06–07 19.46 15.66 11.56 06–07 12.50 6.62 10.61

08–09 11.94 10.94 4.79 08–09 20.23 14.73 13.86

10–11 22.00 18.67 11.63 10–11 16.91 13.74 9.85

15–16 24.12 18.68 15.27 15–16 26.35 16.44 20.60

18–19 17.94 14.97 9.88 18–19 15.94 13.89 7.84

22–23 12.37 9.90 7.41 22–23 17.28 13.81 10.39

25–26 14.59 10.97 9.63 25–26 17.98 10.36 14.70

28–29 12.10 11.90 2.18 28–29 11.44 10.32 4.92

31–32 23.21 8.88 21.44 31–32 32.99 12.50 30.54

34–35 20.83 19.64 6.92 34–35 23.79 17.01 16.63

AVG 22.70 14.64 15.39 AVG 23.74 13.04 18.56

2004 01–02 76.11 18.68 73.78 2018 01–02 82.25 19.48 79.91

03–04 15.84 12.34 9.93 03–04 17.09 11.44 12.70

06–07 12.17 8.81 8.40 06–07 13.27 9.71 9.04

08–09 13.44 11.36 7.18 08–09 11.45 11.10 2.80

10–11 21.70 17.65 12.62 10–11 22.24 16.60 14.81

15–16 23.42 15.35 17.69 15–16 22.02 16.36 14.75

18–19 19.05 15.64 10.87 18–19 22.15 17.25 13.89

22–23 20.77 17.87 10.59 22–23 15.65 12.14 9.87

25–26 16.42 12.43 10.73 25–26 20.57 12.68 16.19

28–29 10.70 10.58 1.61 28–29 14.27 13.84 3.48

31–32 26.23 10.39 24.09 31–32 25.42 16.56 19.29

34–35 23.43 18.67 14.17 34–35 26.94 25.30 9.24

AVG 23.27 14.15 16.81 AVG 24.44 15.21 17.16

Year Points ΔE00 ΔL� Δa�b�

2021 01–02 88.10 21.77 85.37

03–04 17.61 10.64 14.03

06–07 13.73 10.45 8.91

08–09 10.27 9.40 4.12

10–11 18.55 13.24 13.00

15–16 21.09 16.75 12.82

18–19 15.73 13.70 7.73

22–23 19.15 15.63 11.07

25–26 16.40 11.31 11.88

28–29 13.52 13.27 2.57

31–32 27.30 20.77 17.72

34–35 30.31 27.23 13.30

AVG 24.31 15.35 16.88

Note: In this Table, we report comparisons among points of similar hues forming numbers or the
backgrounds in Ishihara Plates. For example, dark orange (Point 03)—Light orange (Point 04); light red
(Point 06)—Red (Point 07); dark green (Point 08)—light green (Point 09).

PLUTINO ET AL. 11
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time. Still, many other constraints must be considered
when performing a digital test. At first, it is mandatory to
use calibrated displays, it is essential to control the
light in the test environment (as well as performing the
physical test), and it is essential to use standard and
correctly reproduced PIP plates. This last point is criti-
cal when using online versions of Ishihara tests since
there is often a lack of certification and control over
the materials and images available online. Further-
more, in many color blindness tests performed on
screen, there are no recommendations on monitor cali-
bration and no control over the displays. Thus, the dig-
ital test screening (performed in controlled conditions
and using calibrated devices) could be a good solution
that does not suffer the deterioration of the plates.
However, the physical test (performed with certified
plates) still provides a more accessible and usable way
to perform the test. Thus, aging is a small price com-
pared to uncontrolled and non-calibrated conditions of
non-standard digital PIP plates.

5 | CONCLUSION

In the experiments described above, we analyzed the
physical deterioration of a determined set of pseudo-
isochromatic charts. We did not test the difference in
the performance of the charts for a set of known color-
deficient observers. The Delta E metric used is stan-
dard in Color Science but, there are theoretical
possibilities to make significant changes in color that
would still be consistent with the pseudo-isochromatic
assumptions. However, for this reason, we examined
the resultant color shifts (see Figures 5 through 8) and
showed that the shifts observed do violate the confu-
sion line assumptions for pseudo-isochromatic confu-
sion lines. Based on these observations, we contend
that the charts have changed their characteristic
substantially.

In this work, we have analyzed 36 color points mea-
sured from Ishihara plates of different years (1995, 2000,
2004, 2018, and 2021). After measurement of the reflec-
tance spectra, we have converted the data into colorimet-
ric coordinates in the CIE XYZ, CIE xyY and CIE LAB
color space. Thanks to this, it has been possible to plot
the chromaticity diagrams and measure the ΔE00 color
difference between the reference colors (from 2021
plates) and the ones from the other years.

From the analysis of the results, we have deter-
mined that 70% of colors in plates from 1995 were
strongly damaged, 58% of colors in plates from 2000,
44% of colors in plates from 2004, and 5% of colors in
plates from 2018. From this, we have derived that the
plates from 2018 could still be considered suitable for

clinical tests, despite all the other plates. In this study,
we have identified the more stable patches over time
and those more subject to fading. Still nevertheless, we
did not aim to provide a decay model or assess the deg-
radation of the colorants forming the plates since the
degradation strictly depends on the conservation con-
ditions and the usage of the test.

Thanks to this study, it has been possible to provide a
preliminary analysis of the Ishihara plate degradation
and confirm the need to define expiration dates for the
tests to avoid errors and problems in color blindness
screening tests.
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