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Abstract

Features of color perception and the impact of certain shades on human psychology have been studied for more than one
century. These studies allow us to understand the psychology of color perception, as well as learn how to use color to create the
desired feeling or mood in viewers. In fact, colors do not exist in nature, they exist only in our perception. Color is light that
has a certain wavelength and is reflected from a surface, affecting the receptors in the retina of the eye. That is, color is not an
objective concept, but a feeling that arises in the brain when a person sees something. Color as a physical phenomenon has
always existed, but only after the appearance of a person who was able to perceive and understand it, it turned into an
important part of the picture of the world.
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AHHOTaN M

OcCo0eHHOCTH 1[BETOBOCIIPUATHS U BO3/[[EMCTBHE TEX W/ MHBIX OTTEHKOB Ha TICUXOJIOTHIO UeJIOBeKa UCCIIeYIOTCS YKe He
OJIHO CTOJIeTHe. DTU UCC/eJOBaHUS TTO3BOJISIIOT HaM TOHSATH [CUXO0JIOTHIO LIBETOBOCHPUSITHS, a TAK)Ke HAyUUThCSl UCIO/Ib30BaTh
L[BET /IS CO3/IaHus HY>KHOTO OIIYII[eHHsI WM HaCTPOeHus y 3puteseil. Ha caMoM fiesie B IpUpO/ie He CYIeCTBYeT IIBETOB, OHU
eCcTb TOMBKO B HallleM BOCTpPUATHU. LIBeT — 3TO CBeT, KOTOPbI MMeeT Ompefie/ieHHYI0 [JIUHY BOJIHbI W OTPa’kaeTcsl OT
TOBEPXHOCTH, BO3/EHCTBYsI Ha PeLeNTOPbl CeTUaTKH I1asa. To ecTh 1[BeT — He 0O0bEeKTUBHOE MOHATHE, a OIyIlleH’e, KOTOPOoe
BO3HUKAeT B MO3TYy, KOI/ja UejloBeK BUAUT uTo-mbo0. L[BeT Kak (u3nueckoe siBjieHHe CYILIeCTBOBAJ BCerza, HO TOJIBKO MOC/Ie
TI0sIB/IEHHS] UesloBeKa, KOTOPhIi CMOT ero BOCIIPUHSTL M 0CO3HATh, OH ITPeBPATW/ICS B Ba)KHYIO YaCTh KapTUHBI MUPa.

KimroueBble c/10Ba: MCTOPHS LIBeTa, ICUXOJIOTUS 1[BETA, BOCIIPUSTHE 1IBETa, LIBETOBLIE MOZeJTH.

Introduction

Perception of color in the minds of ancient people

Ancient people perceived colors inextricably with the accompanying phenomena or forces of nature. Since humanity did
not yet know how to produce artificial dyes, there was simply no need to designate colors in the usual sense for us. Moreover,
people's daily lives were too focused on survival to think in abstract terms.

Thus, the first names of colors were primarily associated with natural objects. For ancient man, the phrases “blue sea” or
“green grass” would have been meaningless. It would sound as strange to them as if we said “sea sea” or “grass grass” [1].

The basic color palette of ancient people included only two color concepts: white and black. Moreover, it was not so much
the colors as the state of the objects. White color in all cultures is associated with light, purity, goodness, order and other
positive phenomena. White is always light and day, the time when a person is awake, active and clearly perceives the world
around him. It is also the color of purification and dedication to God. It is no coincidence that ritual clothing in many cultures
was white. By the way, the modern symbolism of this color includes such concepts as “white roses” — a symbol of innocence
and purity of thoughts, or “a bright person” — a positive character from whom you should not expect anything bad.

In contrast to white, black in all cultures symbolized darkness, chaos, dirt, death, and other negativity. People associate the
color black with night — a time when practically nothing is visible, and the world around is full of dangers. It is in the dark that
enemies can sneak up on a person or attack wild animals. The association of black with death is also caused by the parallel that
ancient people drew between death and sleep. When we close our eyes, the world disappears and plunges into darkness — often
this state frightened people. For example, the ancient Greeks believed that during sleep the soul leaves the body, and if a
person is not woken up in time, it may not find its way back [2]. Thus, the color black symbolizes fear, the abyss and
everything else that frightened people. For example, in our time, you can hear such expressions as “black soul” or “rainy day”.

The third base color was red. This is the first color that ancient people began to consciously distinguish from others. Fire
was red, as well as blood — in all cultures it was perceived as an integral part of a living organism, without which it is
impossible to live. It is worth noting that the concept “red” originally meant a wider palette of colors than might be imagined
by modern people. Primitive people did not yet have the need to distinguish between shades. There were no dyes yet, and there
was no energy or time to think about color as an abstract concept either, so red could mean orange, ocher and even yellow. That
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is, all shades that were, to one degree or another, associated with warmth, life and energy. By the way, red is also the most
militant color. Red was the war paint of the warriors; the first protective symbols were drawn in the same color.

Altamira cave dated 14,500 years ago, found in Alta, northern Norway
Santillana del Mar, Cantabria, Spain between 6000 and 8000 years old

Paleolithic rock painting of several Elk and human connected with a
red and black bisons so-called “elk-headed pole”

Figure 1 - Ancient examples of using Red color
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The sacred triad of colors: black, white and red [3] has remained basic for thousands of years. They retained their
importance during the development of the first civilizations, and have not lost it at the present time. The next colors that people
began to distinguish were blue and green. Interestingly, initially there was no division between these colors, and this same
division is still preserved in some languages. For example, in Japanese, the green color of a traffic light is written with the
hieroglyph “blue”. And the point here is not that the Japanese are color blind, it’s just that their language has preserved the
ancient combination of blue and green colors as a single concept.

Both of these colors stood for life, nature, sky and sea, youth and rebirth. The blue sky gave peace, the water allowed you
to quench your thirst, and the appearance of young greenery indicated that spring had finally arrived. After the transition to a
sedentary lifestyle and the beginning of the emergence of the first social structures, people received the time and opportunity to
consider colors precisely as shades, and not as phenomena. Since then, color perception began to become more complex,
decorative and applied arts began to develop, and different peoples began to have separate words denoting colors rather than
phenomena.

Interestingly, the first color to appear on our planet was pink. In 2018, while mining black shale in ancient rocks of the
Sahara, Australian researchers discovered pink molecules [4]. As it turned out, the age of the found microorganisms exceeds a
billion years, and they appeared on Earth even before the birth of the first living organisms and even plants.

After carefully examining the molecules, scientists found that they represent residual material from ancient organisms that
lived in proto-oceans. About 650 million years ago, the first algae appeared on Earth, which had colors already familiar to us
and could evolve into more complex organisms. Thus, pink microorganisms became extinct long before the first humans
appeared. If they had become the basic species, then perhaps our color perception would have been completely different.

Individual and national characteristics of color perception

The associations and psychological effects of flowers on modern people depend on many factors. Starting from archaic
stereotypes and ending with the features of the natural environment, cultural code and personal experience. For us, like for our
distant ancestors, it is natural to perceive colors in connection with phenomena or objects of nature. For example, anyone on
Earth will experience the colors blue and green as calming because these are the colors most often found in the sky, sea, and
natural vegetation.

The association “light is above and dark is below” is also part of the collective cultural experience. The fact that the sky is
in most cases lighter than the earth is known to all people, regardless of their age and nationality. The sky or grass of red color
will be perceived as unnatural and alarming, as it contradicts the basic concepts of a person.
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Passion and martyrdom Fear and danger
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Figure 2 - Usage of Red color in different ages with different aim and approach
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Red color, in all cultures, is exciting, solemn and sometimes even aggressive. The fact that fire burns and can be dangerous
has been perceived by all people, since ancient times, at the subconscious level. The color yellow also has a basic association.
Since a bright sunny day or the light from a fire casts a yellowish color on the surrounding world, yellow light coming from
above causes a feeling of comfort. Bluish or sharply white lighting is perceived as uncomfortable and alarming, as it is
subconsciously associated with a moonlit night full of dangers.

The situation in the country or in the world can also affect color perception. For example, during the pandemic, people
were afraid of getting sick, so instead of the usual dark colors, many chose lighter colors for everyday clothes. These are the
shades that are associated with purity and sterility. But still, in many cultures there are slight differences in the psychological
perception of colors, which are associated primarily with the cultural code. So, for Europeans the mourning color is black, and
for the Japanese and some other eastern peoples it is white.

General attitudes towards color perception are ingrained in people's minds through fairy tales, traditions and color codes of
their culture, but individual color perception will depend on the experience of a particular individual. This is why color tests
are so popular in psychology. The relationship between preferred colors and shades and a person’s character and mood was
actively studied at the end of the last century [5]. And the Luscher color test was used in psychology even earlier — starting in
the fifties. Psychotherapist Max Luscher argued that the difference between universal patterns of color perception and a
person’s subjective perception makes it possible to determine his emotional state [6]. Modern psychology also actively uses the
color relationship test, which allows us to determine the conscious and unconscious aspects of an individual’s thinking [7].

Color in Ancient India

The ancient Indians perceived the sacred triad (black-white-red) in inextricable connection with the three gunas
(properties) of the material world. White — the color of the sky and the primary waters from which existence arose — denoted
life, purity and a state of serenity. He was associated with the guna Sattva, which symbolizes wisdom, spirituality, harmony and
stability.

Red, the color of fire, was a symbol of activity, action and change. His guna, Rajas, was associated with passions and
desires that forced a person to change this world and became the reason for the accumulation of karma. Black — the color of
earth and darkness — symbolized passivity, the inhibited and apathetic state of man. He was associated with the guna Tamas,
which symbolizes ignorance, chaos and destruction.

Blue was perceived by Indians as the color of supreme wisdom and conscious calm. It was associated with sky and sea,
therefore it was a symbol of divine infinity. The gods Krishna and Vishnu are often depicted with blue skin, which emphasizes
their serenity, wisdom and infinity. Ancient Indian philosophers also believed that it is this shade that has the “third eye,”
which allows you to see the invisible and know yourself and the world.
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Figure 3 - Gods and wisdom are always shown in blue skin color in Indian Art
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The meaning of color in Chinese philosophy

According to Chinese philosophy, the whole world consists of five primary elements, which correspond to certain colors
and elements. The fire element corresponds to the color red, which is associated with vitality, strength, joy, luck and wealth.
That is why this color is considered the color of joy and celebration. Festive outfits and accessories, auspicious hieroglyphs and
gift envelopes for money are usually red. The time of year corresponding to this color is summer.

The element of water is indicated in black. This shade symbolizes wisdom, flexibility and endless possibilities (feminine
Yin energy). It is interesting that this particular “Yin” color is a symbol of severity and solemnity in China. Black color is
associated with winter — a dark and cold time of day. In contrast to black, white in China is considered a manifestation of
masculine Yang energy. Its primary element is metal, and its key characteristics are purity, perfection, strength and
determination. Because polished metal has the ability to reflect light, white symbolizes clarity and order. The season of this
primary element is autumn, the time when the world becomes duller and the air more transparent. Unlike Western cultures, in
China white is the color of mourning.

Earth

Figure 4 - Five colors and five primary elements in Chinese philosophy Wu Xing
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The element of earth is yellow — a symbol of stability and fertility. This shade is associated with gold, earth, and also with
the Yellow River, the main waterway of the country. The time of year for this primary element is the end of summer and the
beginning of autumn, that is, the harvest period. By the way, wearing yellow clothes was a sacred privilege of the emperor and
his family members. All other residents of the country were strictly prohibited from wearing clothes of this color. Another
meaning of the color yellow in modern China is consonant with ours. “Yellow” can be called a film, book or other work of a
piquant (most often indecent) nature, which to a certain extent echoes the concept of the Russian language as “yellow press”.

The element of wood is associated with the color green. As in many other cultures, it is a symbol of life, growth,
development and flexibility. This primary element corresponds to spring — the period of the rebirth of nature. Also, the color
green in Chinese culture symbolizes healing and naturalness. For example, organic vegetables will be called green, regardless
of their actual color. Interestingly, the color green can also have a negative connotation in China. By giving a Chinese man a
green headdress, you will hint to him that his wife is unfaithful. The thing is that in ancient times, the husbands of courtesans
wore scarves of this particular color on their heads [8].

Color symbols in Ancient Russia

The basic colors of the ancient Slavs are considered to be white, blue and red. The latter was one of the most revered
flowers, which was widely used both in Ancient Rus' and at a later time. It was associated with vitality, beauty, health and
courage. The banners of the princely squads, protective amulets, and festive clothes were red. In Orthodoxy, the color red
symbolizes the atoning sacrifice of Christ, and the red Easter egg symbolizes the divine resurrection. The word “red” still
denotes everything that is best, important or rare (for example, “red maiden”, “Red Book” or “Red Square™).

White color, in addition to basic universal meanings, had one more, unique meaning in Rus'. He was associated with
freedom, space and independence. As an example, it is worth recalling the expression “to the whole world.” Blue and its
shades were also very loved by the Russian people. It is worth remembering the famous Gzhel ceramics or folk patterns. The
blue color meant the infinity of the sky and was a symbol of paradise and heaven. Therefore, it was used in icon painting to
depict the robes of saints and angels, and was also a symbol of the Mother of God, in whom the earthly and heavenly were
united. The blue of the sky and water surface are also the background and personification of Rus' and Russia in the works of
many poets and artists.

The meaning of the colors of European coats of arms and flags

In European heraldry, the symbolism of color was given special importance. The background and shades of the elements of
coats of arms and flags could tell a lot about their owners. Even ordinary people who could not read subconsciously read the
meaning of the symbolism, since it corresponded to the cultural code familiar to them from childhood. For example, the color
red symbolized courage, bravery and determination. Noble azure blue was a symbol of beauty and communicated the greatness
of the owners of the coat of arms. Green was associated with abundance, wealth and hope, while purple was associated with
power and dignity. Backgrounds and elements of black communicated sadness and prudence, while white or silver conveyed
purity and innocence, and yellow or gold were associated with wealth and generosity [9].

Color studies and theories

People began to be interested in the study of color ever since the first sciences began to emerge, but the essence of this
phenomenon remained unclear for a long time. The nature and meaning of color have been studied by scientists of various
specializations. The goals of these studies were also different, so for a long time people were not able to fully understand the
nature of color and combine the results obtained into a single structure.

Philosophers of Ancient Greece, India and China looked for the relationship between colors and natural phenomena, and
also tried to compare the sacred triad and other basic shades with the cosmogonic picture of the world. Artists, tailors,
architects and craftsmen studied color combinations in search of the most harmonious and pleasing to the eye options. In fact,
it was these studies that formed the basis of modern color psychology. Physicists, opticians, biologists and other scientists
involved in the exact sciences were interested in the nature of color and the mechanisms of perception of shades by the human
eye.

One of the oldest surviving studies of the nature of color is the teaching of Aristotle, who believed that all shades come
from two basic ones — black and white. The scientist identified four primary elements in the structure of the world. According
to his theory, light (aka fire) was white and darkness (earth) was black. The remaining two primary elements: air and water, do
not have a specific color and can take on different shades. Aristotle considered all other colors to be the result of mixing the
basic ones [10]. The scientist of the late Hellenic period, Claudius Ptolemy, studied the nature of color as a physical
phenomenon, who studied the reflection and refraction of color.

It was these scientific works that became the foundation for the color theory of Isaac Newton, who was the first to consider
the refraction of solar color through a prism and decompose it into spectral bands. Newton identified seven colors that became
the basic colors for artists and researchers. Subsequently, Johann Wolfgang von Goethe decided to clarify the experiment and
identified another color in the spectrum resulting from refraction — purple. Based on the color circles of Goethe and Newton,
Johannes Itten, an artist and color researcher from Switzerland, compiled a color wheel consisting of twelve parts. In the center
there are three basic colors, and on the edges of the central triangle - the result of their mixing. The outer circle includes
the shades that are obtained by mixing primary and secondary colors.
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Figure 5 - Johannsen Itten's classic color wheel
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Itten's color wheel is a fundamental tool for understanding and practicing color theory. It is widely used by modern
designers, as it makes it easy to find harmonious color combinations. Using this tool, you can easily determine which shades
are close and which are contrasting. This allows you to create visual accents, as well as develop color palettes, taking into
account their influence on the human psyche and subconscious.

Subsequently, the Architect Le Corbusier developed several types of color schemes, each of which has a different effect on
the viewer's perception. According to his theory, the combination of beige, black and ultramarine is stable and sustainable.
Red-orange combined with lemon yellow, green and cobalt blue create a feeling of mobility and dynamism. The architect
called the combination of dark red, emerald and various lacquer shades decorative, as it is optimal for finishing and creating
accents.

Although many great artists, including Leonardo da Vinci, encouraged breaking rules and acting intuitively, the creation of
color patterns has helped and continues to help designers and other creative people realize their visions to the fullest. Industrial
developments have led people to try to classify colors according to numbers or other designations. This made it possible to tie a
variety of shades to technical standards for use in production. Several classification options have been developed, but in the
modern world the basic one is the Pantone system, which is widely used in a variety of areas of industry and design.

Digital RGB, CMYK and Pantone color models

Although modern digital color models at first glance do not look like classic color wheels, in fact they do not contradict the
basic systems, but complement them. Both scientists managed to notice and study two opposing aspects of the nature of color.
Newton argued that the colors of the spectrum he identified could be mixed to obtain any shades, including white, which is the
sum of all the others. This method was called subtractive. Goethe's theory stated that any shades, including black, could be
obtained from the colors of his circle. But to do this, you need to subtract one or another shade from the base white color. If we
remove all the shades, we get black. This method is called additive.

The new RGB and CMYK color models are based on these concepts. The CMYK model consists of four colors: C — Cyan
(blue), M — Magenta (magenta), Y — Yellow (yellow) and K — Key or Black (black). It is used in color printers and printing.
The system is based on the fact that from a combination of small dots of the above four basic colors on a print, you can get
almost any shade. Since this system involves the overlay of different colors, it is essentially subtractive.
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The RGB (Red, Green, Blue) model is used for color reproduction on monitors and televisions. Different shades are
obtained by changing the brightness of the red, green and blue diodes that make up each pixel on the screen. Since one digital
model is based on color emission and the other is based on absorption, it is impossible to achieve a perfect color match. This is

why when converting a color image from RGB to CMYK (which is necessary for printing), individual shades may be slightly
distorted.

on screen

f )
RGB
CMYK '
L J

in print MISSOFFDESIGN
RGB
Figure 7 - Difference or RBG and CMYK schemes on screens and in printing

CMYK
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If it is necessary to print a certain shade, additional ink from the Pantone palette is added to the printing industry. These
colors are no longer additive or subtractive, but are ready-made paints. Each shade has its own unique code, which makes it
possible not only to easily select the desired color, but also to use it in printing or other types of production. A significant
advantage of the Pantone palette is that it eliminates distortions caused by different color rendering of monitors or individual

color perception. By specifying the color code, the artist, manufacturer or customer can rest assured that the output will be
exactly the desired shade.
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Conclusion

Modern work with color is based on all basic theories. Knowledge of the sacred triad, heraldry and color psychology
allows artists and designers to calculate in advance what psychological and emotional impact their creations will have on
human emotions and behavior. Newton's, Goethe's and Itten's circles allow creators to find color combinations that will
perfectly match their design. Digital models and palettes make it possible to translate developed projects into reality as
accurately as possible. But the study of the nature and meaning of color does not end there. Modern scientists continue their
work, striving for the most accurate color reproduction and a deeper understanding of the meaning of color.
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