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ABSTRACT. Color vision is an important component of human vision and plays a critical role in both
perception and communication. The abilities of categorical perception (CP) and color discrimination are
some of the necessary attributes of color vision. It is known that healthy aging and age-related optical
and neural changes affect many aspects of visual perception. However, color appearance remains
remarkably stable in the aging visual system. The aim of our study was to investigate age-related
changes of discrimination of colors belonging to the same or different categories. We investigated the
impact of developmental aspects and aging on color discrimination ability. 30 observers of three different
age-groups participate in the study: Group 1 — elderly (n=10, 60 and over), Group 2 young controls
(n=10, 20-32 years old) and Group 3 — children (n=10, 6-15 years old). Our results showed that reaction
time for each color pair and each age-group did not differ significantly from each other and post-hoc
analysis did not reveal any significant differences in discrimination of different colors. Hence, our
results showed that healthy aging has no significant impact on color discrimination. This refers not only
to colors discrimination of the same category, but also to those of different categories. We can conclude
that age-related changes or ongoing developmental changes have no significant influence on color
discrimination process. © 2016 Bull. Georg. Natl. Acad. Sci.
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Color vision is a critical component of human vision
and plays an important role in both perception and
communication. Furthermore, color vision makes it
possible to perceive the world in all its glory. How
color vision can be determined? In a simple manner, it
is the ability to distinguish objects according to the
light (wavelengths) reflected from them. In fact, we
distinguish colors according to their hue, lightness
and saturation. Thus we can distinguish about 2 mil-
lion colors according to these three dimensions [1,
2]. But, when we talk about colors, we never use the

above mentioned properties, we simply call them by
names, and combine them into categories.

The abilities of categorical perception (CP) and
color discrimination are some of the necessary at-
tributes of color vision. Uniting colors of the same
hue, which differ in lightness and/or the wavelength,
in one category makes it easier to differentiate sam-
ples having different hues. Color discrimination, the
ability to determine that two spectra differ from each
other, is useful for recognizing details in visual im-

ages or in visual scene as well. Successful color dis-
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Table 1. RGB coordinates for experimental stimulus and background for each tested colors. There were

6 variations of colors that were randomized as a stimulus and as a background

Black-White Blue Green
var. R G B R G B R G B
1 255 | 255 | 255 0 0 255 70 170 70
2 0 0 0 70 70 255 0 255 0
3 160 160 | 160 0 150 | 255 0 255 64
4 220 | 220 | 220 | 86 | 162 | 255 40 180 60
5 190 190 | 190 | 150 | 196 | 255 0 235 64
6 150 150 | 150 | 168 | 207 | 255 0 174 0
Blue-Green Red Yellow
var. R G B R G B|R|G B
1 70 170 | 70 255 113 104|255[255| O
2 0 0 255 255 120 108249 (248 189
3 0 255 0 255 120 108255 (255 128
4 150 196 | 2552 255 130 119]239|245| 120
5 0 235 | 64 255 138 128237234 0
6 70 70 | 255 255 0 0 |249|235| 140

crimination requires different visual responses on the
distinct visual objects. When visual scene changes
the adaptation process can improve discrimination
ability by optimizing the use of the available response
range for objects in the scene [3].

During visual search of preferable color objects,
the observers use both — categorical perception and
color discrimination. There are many factors that
could influence on color discrimination process. One
of them is the language and the terms of colors. Ac-
cording to our previous data, among Georgian popu-
lation the most preferable are the basic colors (red,
green, blue, yellow, black and white). These colors
are most frequently named (the data of the list experi-
ment) and chosen (the data of the visual searching
experiments) [4]. There is no universal explanation
why some people prefer one color to others: the rea-
sons of color preference are vague and diverse. Some
people’s preferences may be governed by the object
associations, others by basic psychophysical dimen-
sions, others by biological components of color vi-
sion [5]. Besides, there are evidences that color dis-
crimination is different during different seasons [6].
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Healthy aging and age-related optical and neural
changes affect many aspects of visual perception.
However, color appearance remains remarkably sta-
ble in the aging visual system even if the spectral
distribution of the retinal stimulus is changed and
chromatic sensitivity is lost [7, 8].

Contrast sensitivity is one of the most important
attribute of vision. In visual perception the contrast
is determined by the difference in the color and bright-
ness between different objects within the same visual
field. Because they rely on the same initial represen-
tation of spectral information, the two functions -
color constancy and color discrimination are consid-
ered to be linked to each other. Color constancy can-
not be evaluated meaningfully without considering
discrimination. It is well known that healthy aging
affects the contrast sensitivity, especially at high
spatial frequencies [9]. There are not many studies
related to aging and contrast sensitivity, and/or ag-
ing and color discrimination. However, Pieri et al. [10]
showed that contrast sensitivity deficits but not color
discrimination deficits correlated with age.

The aim of our study was to investigate age-re-
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Table 2. Group 1 — elderly; Group 2 —young
controls and Group 3 — children

Reaction times (msec) and Standard Deviations are
shown.

Group 1 Group 2 Group3

Black-White | 477 + 11 422 £13 475+ 13
Blue 504 + 14 4379 485+ 12
Blue-Green 504 + 12 412 +15 485+ 19
Green 554 + 66 563 + 84 446 + 38
Red 497 £ 26 560 + 24 498 + 18
Yellow 506 + 10 426 £ 14 485+ 10

lated changes of color discrimination. For this pur-
pose we used discrimination of different colors of
the same or different categories. Observers of three
different age-groups participated in our study. We
wanted to check weather language and color prefer-
ences, developmental aspect and aging had any im-

pact on color discrimination ability.

Materials and Methods

Participants. 30 observers of three different age-
groups participated in the study: Group 1 — elderly
(n=10; 60 and over), Group 2 young controls (n=10;
20-32 years old) and Group 3 — children (n=10; 6-15
years old). Written informed consent was provided
prior to participating in experiments in compliance
with international ethical standards for experimenta-
tion on human observers. All subjects had normal or
corrected-to-normal visual acuity and normal color
vision. Visual acuity was determined by the Freiburg
visual acuity test [11]. Subjects had to reach a value
of 1.0 (corresponding to 20/20) to participate in the
experiments. Color Vision was estimated by Ishihara’s
tests for Color Blindness-24 Plates (ed. 1991).

Stimuli and procedure. The experiments were con-
ducted in a dimly illuminated room. Stimuli were dis-
played on a calibrated SAMSUNG monitor (model
Sync Master 997 MB). Participants were seated 60
cm away from the monitor. Stimulus was a color circle
(diameter = 3 cm, visual angle of 3.5°) presented on a
color background left or right from the centered fixa-

tion point. Six different discrimination colored pairs
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were used in our experiments (RGB coordinates of
each color are given in Table 1).

For each pair, one stimulus was used as the target
and one as the background, with both stimuli in one
pair appearing equally as the target or the back-
ground. The discrimination procedure for each color
was the same but sequences of different colors were
randomized among subjects. Each trial began with
the presentation of a gray screen with fixation point
on the center. A blank gray screen was presented for
250 milliseconds (ms), followed by the presentation
of the target and background for 4 seconds. Partici-
pants were instructed that on each trial, the display
would consist of a target color on a uniform back-
ground of different color and that their task was to
decide whether the target was to the left or right of
the fixation point and to give response by pressing
related keyboard button (left or right arrow keys) as
quickly as possible while maintaining high accuracy.
For each color pairs there were 96 experimental trials
made. Before starting real experiments some practice
trials were performed.

Table 3. The degrees of freedom (df), the F value

(F) and the Sig. value (the p value) (p < .05, 95%
confidence).

df |F Sig.

Between Groups 2 82.002 |.000
Black Within Groups 33
Total 35

Between Groups 2 101.623 |.000
Blue Within Groups 33
Total 35

Between Groups 2 117.434 | .000
Greenblue ~ Within Groups 33
Total 35

Between Groups 2 156.827 |.000
Yellow Within Groups 33
Total 35

Between Groups 2 29.333 |.000
Red Within Groups 33
Total 35

Between Groups 2 3.510 .041
Green Within Groups 33
Total 35
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Table 4. Paired samples t-test compared reaction time differences between different colors. The Table
shows the degrees of freedom (df), the T-statistics and the Sig. value (the p value, p < .05)

Paired Samples Test T df Sig. (2-tailed)
Pair 1 black - blue -5.654 35 .000
Pair 2 black 12,230 35 032
green/blue
Pair 3 black - yellow -4.447 35 .000
Pair 4 black — red -5.982 35 .000
Pair 5 black - green -3.692 35 .001
Pair 6 blue — green/blue |2.446 35 .020
Pair 7 blue - yellow 1.004 35 .322
Pair 8 blue — red -4.210 35 .000
Pair 9 blue - green -2.688 35 .011
Pair 10 green/blue -1.479 35 148
yellow
Pair 11 green/blue - red [-4.241 35 .000
Pair 12 green/blue -3.063 35 004
green
Pair 13 yellow - red -4.060 35 .000
Pair 14 yellow - green -2.854 35 .007
Pair 15 red — green -.114 35 .910

Data analysis. Average reaction time and standard
deviation for each discriminated color were calcu-
lated separately for each age-group.

One-way ANOVA with the Bonferroni correction
for post-hoc multiple comparisons was applied to
compare performance between different age-groups
and a paired sample ¢-test was used to compare reac-
tion time for different colors.

Results.

Reaction times in milliseconds and standard devia-
tions for each discriminated colors are presented in
Table 2. Reaction time for each color pair and for each
age-group did not differ significantly from each other.
These results are in accordance to well-known evi-
dences how reaction time changes with aging [12-14]
(Table2).

One-way ANOVA proved that reaction time is sig-
nificantly different for different age- groups (Table 3).

Results of one-way ANOVA are shown in Table 3
and the results of paired sample ¢-test are shown in
Table 4.
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Bonferroni correction for post-hoc multiple com-
parisons showed that for Blue, Blue-Green, Green
and Yellow colors pair there are no significant differ-
ences in performance among different groups. For
Black-White color discrimination we found that per-
formance did not differ between the Groups 1 and 3
(p=0.83), but Group 2 showed significant difference
compared to the other two groups (p = 0.00). The
same comparison revealed also the same results for
Red color. Red-pink discrimination did not differ be-
tween the Groups 1 and 3 (p = 0.97), and Group 2
showed significant difference compared to the other
two groups (p = 0.00). We can explain such differ-
ence for Red and Black-White colors as different
emotional load for those colors for different age peo-
ple; for some people red is very active color, related
to many emotions and could be described as warm
and positive, or as violated color for others; black
and white colors are more neutral colors and indi-
vidual mental processing time can be affected by such
differences. Black-White colors, as neutral ones,

having no emotional load and are processed faster in
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young controls. Hita and colleagues [15] measured re-
action times for chromatic stimuli with dominant wave-
lengths (472, 500, 547, 571, 602 and 634 nm) and found
that there is no correlation between reaction time and
chromaticity. On the other hand, it is also shown that
reaction time for red color is longer compared to reac-

tion time on green [16].

Conclusions. The results of our experiments showed
that healthy aging has no significant impact on color
discrimination. This refers not only to discrimination of
colors in the same category, but also to discrimination
of colors in different categories. Age-related changes or
ongoing developmental changes have no significant

influence on the color discrimination process.
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