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For the Reader

•	What	colours	really	are?
•	Why	the	environment	seems	to	alter	colours?
•	Were	there	colours	before	there	were	eyes?
•	How	do	animals	see	colours?
•	Why	colour	maps	cannot	always	be	trusted?
•	What	kind	of	colour	was	Acid	green?
•	Why	colours	on	a	computer	screen	and	on	print	never	
			seem	to	match?
•	What	is	the	essential	difference	between	CMYK	and		
			RGB	colours?
•	Why	does	yellow	turn	greenish	when	it	is	darkened?
•	What	do	metamerism	and	colour	constancy	mean?
•	Is	the	blood	of	the	aristocracy	(the	blue	blood)	
			really	blue?
•	Why	do	Christian	bishops	wear	purple	silk	shirts?
•	How	do	colours	affect	us,	and	where	do	colour	
  	symbols	derive	from?

This book will provide answers to the above and many other excit-
ing	questions	about	colours.	At	the	same	time,	the	reader	has	an	
opportunity to see and experience colours and colour phenomena 
in a new and interesting way beneath the surface.

In this book I will examine the rich world of colours from as many 
viewpoints as possible. I will also outline some theoretical models 

We	usually	take	for	granted	that	the	world	around	us	is	full	of	col-
ours, but we focus our conscious attention to them only when they 
appear surprising or unusual. In everyday life, encountering colour 
phenomena and pondering the essence of colour may have brought 
to mind, for example, some of the following questions:            
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that	have	been	developed	to	understand	colour	phenomena.	A	
qualified theory can remove the discrepancy between the theoreti-
cal and the observable and, thus, explain colour phenomena in an 
understandable way. This can benefit all colour education when 
both students and teachers can have a scientifically credible base 
to build their colour studies on.

For their encouraging support to my theoretical views, I would 
like to thank Professor Göte Nyman from the University of Hel-
sinki Department of Psychology and art specialist Professor 
Antti	Hassi.	I	would	also	like	to	thank	my	good	friend	Professor	
Paavo Castrén and my long-time associate Doctor Matti Jäntti 
for the many interesting discussions we have had and for verify-
ing some of the facts in this book. I also thank warmly my close 
friends Päivikki Kumpulainen, Pertti Nummi and Harri Lahi-
kainen for their assistance, and Jaap Hollenberg for his help in 
verifying the historical facts of colour use.

My thanks for expert help in aspects related to light and colour 
measurements go to Leif Riipinen and, for identifying certain 
rock types, to Geology Professor Martti Lehtinen. I would also 
like to thank the helpful staff of Suomen Gallup Ltd. for process-
ing some of my research data.

My biggest thanks go to my sons Sampsa and Kaapo, and es-
pecially to my wife Marja. This book would not have been 
written without their criticism and encouraging support.

I dedicate this second edition of my book to my grandchil-
dren Inari, Otto and Leo, and wish them a fruitful and colour-
ful future.

Martti Huttunen

(First	Finnish	edition:	WSOY	2005)
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It is easy to hold true something based on concrete 
evidence and reject beliefs based on unproven claims.

When	Interaction in Color, a textbook by painter Josef Albers for teaching 
colour perception to painters, was published in 1963, it was welcomed en-
thusiastically by painters and other people interested in colours. Especially, 
from the point of view of colour education, the book provided a great deal 
of visually ambitious content. It contained beautiful colour tablets, and dif-
ferent types of exercises helped to illustrate, how the environment changed 
the	appearance	of	colours.	In	his	book,	Albers	drew	conclusions	about	the	
relativity of colour and called the phenomena ’colour illusions’. 

Why ’Beneath 
the Surface’?
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From Substance to Brain-Centered Approach to Colour

Colours are such an obvious and mundane part of our environment 
that we don’t begin to think about their essence before somebody asks 
us what they actually are. The most common answers define colour as 
light, a reflection of light or a wavelength. Sometimes, colour may be 
defined as a feature of light. These responses show that the person has 
faced the question before or that the answers have been adopted during 
some degree of colour education. The answers of people with experience 
in painting or dyeing almost without exception reflect a view that colour 

What is Colour?
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This chapter highlights some colour phenomena with example images 
and looks for explanations to them. The explanations are based on the 
idea that the human visual system is a product of evolution and that 
specific observational models guide this system. These models are used 
to quickly create an accurate visual image of the environment, and this 
process involves contrast and shadow phenomena.

For us humans, vision is by far the most powerful sense with which we 
can orient ourselves to our environment. In the continuous struggle for 
survival, those individuals, who didn’t see colours in a way that helped 
them survive, have been eliminated. In this evolutionary respect, eve-
rything we see has evolved to serve a function and, therefore, it’s er-
roneous to say that we experience ‘illusions’ or ‘distortions’ when we 
see colours (see What is Colour?	on	page	17).

To understand the meaningfulness of colour phenomena, it is important 
to understand something about how our evolution-moulded visual system 
actually works. This knowledge may also help us understand the colour 

There is No      
Colour Illusion

   82
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   82

                           

In all cultures, there are, without exceptions, some colours that 
are perceived as symbols of secular (royal) or spiritual (divine or 
heavenly) power. Kingships, which are sometimes considered as 
divine or having power obtained directly from gods, emphasise 
these two mandates of power through the use of symbolic colours.

Over time in all cultures, some colours gain meanings that can 
strongly affect people’s daily lives as well as their colour choices. 
For example in China, the so-called imperial yellow is one of 
these historically and regionally powerful colours. Only the em-
peror was allowed to use yellow. Its unauthorized user was pun-
ished or at least threatened to be punished severely. 

History of Colour 
Symbols
Colour symbols don’t come out of thin air.

   104
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Our built environment usually includes buildings from dif-
ferent ages, which give the scenery cultural depth. One sig-
nificant part of this environment is colour, and its effect on 
the environment is usually larger than we think. 

Public Facades
When	we	think	about	the	cultural values of our environment 
and the colours of buildings in it, we may well ask such ques-
tions as, why doesn’t bright sky blue sit well as the colour of 
a	country	house?	Or	why	doesn’t	grass	green	seem	right	on	
an	old	wooden	church?	Or	why	would	a	detached	house	with	
an	intensely	purple	plinth	just	look	a	bit	goofy?	The	answer	

Colours and Cultural 
Landscape

  

   126
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In mass communications, it is often necessary to carefully evaluate 
the communicative properties of colours. It is worth remember-
ing, however, that colours themselves do not carry any message by 
default. Colour gets its communicative meaning only by appear-
ing repeatedly in a particular context. Through this repetition, the 
brain creates a model of its use and can detect this ‘familiar’ colour 
faster in the same context in the future.

Evolution of this detection speed has equipped our visual system with 
some features that affect our everyday life significantly. In a sense, see-
ing is intelligent guesswork by the brain. If the brain cannot find a rep-
resentation of a visual object from the memory, it chooses the next most 
likely option. This way it avoids dealing with information that would 
slow down the processing of other more relevant visual information.

Colours in 
Communication

  

      138
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A)	H D S = Hues are identical, but their darkness and satu-
ration are different.

B) H D S = Hues and darkness are different, but saturation
                    is identical.
C) H D S = Hues and saturation are identical, but density 
                     is different.
D) H D S = Hues and saturation are different, but darkness 
                     is identical.
E) H D S = Hues and darkness are identical, but saturation 
                    is different.
F) H D S = Hues are different, but their darkness and satu-

ration are identical.

Defining a colour’s purity visually is, of 
course, very difficult – especially in option 
F. The problem is that yellow turns towards  
green when it is darkened on a computer 
screen	 or	 using	 black	 pigment.	 Again,	 this	
shows that theory and practice will be in 
coflict, if we try to define colours as physi-
cal entities: yellow doesn’t seem to have any 
dark (subsaturated) forms at all. (See chap-
ter Blueshift.)

Colour combinations: 
A) light and cold 
B) dark and cold 
C) dark and warm 
D) light and warm.

The colours in this 
printed example 
image can only be 
indicative.

  148
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Over time, our age-old desire to find coloured pigments, which we 
can use to decorate ourselves and the environment, or even use to 
create imeges of reality, has over time resulted in more and more 
sophisticated	solutions.	And,	at	some	point,	even	the	concept	of	pri-
mary colours began to take shape: the fewer hues an artist could use 
to create an image, the better. This way, people also found suitable 
primary colours for painting pictures. They were red, blue and yellow, 
which the artist use to mix somewhat usable intermediate (second-
ary) colours. These early achievements are still in use, when colour 
theory is taught in schools. 

The next major stage of development began when Thomas Young, 
a British polymath and physician, and Hermann von Helmholtz, a 
German physician and physicist, presented their theory (the Young–
Helmholtz theory) about three-colour ’channels’ in human vision. 

Inverted Colour Theory

   162
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Theoretical conditions were favourable also for communication tech-
nology innovations, when James Clerk Maxwell, a Scottish scientist, 
did further experiments with colour negatives in 1870s. His innova-
tions eventually lead to the development of colour separation tech-
nology for printing, and we can now admire colourful four-colour 
prints and enjoy lifelike colour images on television and computer 
displays (see pages 58 and 59).

Today, technology is already so advanced that we know how to pro-
duce a digital image with nearly monochromatic LED lights (LED, 
light-emitting diode). This begs the inevitable question: how is it, in 
turn, possible that the human visual system can produce a full-colour 
visual image from an image that has been created only with narrow-
spectrum	RGB	lights	(see	page	182)?

In a way, creating RGB images with monochromatic LED lights is an 
inversion of how our own three-colour-channel visual system works. 
From this perspective, we will inevitably come to a conclusion that 
the overlapping operation of different types of retinal cone cells is, of 
course, a physiological fact (see page 28), but that this overlapping is 
by no means necessary for seeing colours (see page 77).

Towards Usable Colour Theory

This chapter summarizes some factors, that have been presented in 
this book and that form a basis for a useful colour theory.

In colour education, it is often a habit (some would say necessary) 
to teach as many different colour theories as possible. On the back-
ground of this practice is apparently a belief that the more theories 
students know, the better they are able to use colours correctly and 
somehow ‘scientifically more competently’ explain colour phenom-
ena.	But	does	this	practice	have	a	rational	justification?	Wouldn’t	it	
be better to embrace just one theory that explains colour phenom-
ena as broadly as possible and does it so that anyone can test how 
well	theory	meets	reality?

  

   

  

   163
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Colour systems (colour 
atlases) with different 
opponent colours have 
been created based on 
various ideas and to 
many purposes.

The traditional theory of comple-
mentary colours is often justified 

by claiming that, when mixed, 
complementary colours pro-
duce neutral grey (see, for ex-

ample, Johannes Itten: The Ele-
ments of Color). This is still an 

unsubstantiated claim – just a be-
lief, not knowledge – because no com-

plementary colour pair can be used to mix grey. If 
nature is unable to do it, how could we by mixing watercolours, for 
instance?	Also,	complementary	colour	pairs	don’t	create	themselves	
in afterimages, but inverted colour pairs do (see pages 92–93).

Complementary Colours Belong to Colour     
Theory History

Why	the	theory	presented	here	doesn’t	use	the	already	familiar	term	
complementary	colour?	Simply	because	the	inverted	colour	theory	
aims to get rid of the ambiguity and inaccuracy surrounding the 
concept	of	complementary	colours.	After	all,	we	have	never	even	
agreed, which colour system (or theory) would give us the ‘true’ 
complementaries. The concept of complementary colour is sim-
ply too unscientific, whereas the concept of inverted colour is not. 
Furthermore, the term inverted colour is already used in computer 
technology. So, let’s put complementary colours where they belong: 
on the leaves of colour theory history (see chapter Colour Research 
– a Multidisciplinary Science on page 46).  . There Are No Colours without Eyes!

The colours we see are colour phenomena, whose existence and 
visual	 appearance	only	our	brain	 can	 truly	prove.	What	does	
this	mean?

Although	colours	seem	to	be	in	the	environment	and	its	details	
outside the viewer, it is important to finally understand that col
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ours are only our brain’s interpretations of various external light 
stimulations, that is, only visual sensations. Therefore, colours 
cannot be found in the external ‘reality’ outside the brain and 
they don’t have any physical state or form. It is also necessary to 
note that the brain is completely indifferent to how the spectral 
distributions of light coming from an object have been formed. 
This is an inevitable evolutionary fact (see page 35 and the im-
age below).. We Don’t See Colour Illusions! 

Few of us interested in colours have been spared from seeing 
example images that some people (held as colour ’experts’) use 
to show, how much a colour changes, when it is seen in both 
light and shade (see Shadow phenomenon on page 84). Such ‘evi-
dence’ is an attempt to prove that our colour vision is unreliable 
and that we see ‘colour illusions’. This is not the case. 

Although	 experts	widely	 regard	 colours	 as	 visual	 sensations	
produced by the brain, it turns out that the concept of colour 
among the people presenting ‘colour illusions’ is not yet fully 
clear (see page 16).

In reality, these so-called illusions clearly show, how extremely 
important it is that colours stay recognisable even in challeng-
ing lighting situations (= colour constancy), since they pro-
vide us information about the quality and usability of our en-
vironment (see example image 
on	 adjacent	 page).	 We	 don’t	
expect a colour to change, 
when it is taken from light to 
shade, just like we don’t ex-
pect the shape of an object 
to change, when we change 
our angle of view (= shape 
constancy). To us, colour is a 
visual adjective (see page 83).

We can easily recognise 
blue through a yellow 
filter and yellow through 
a blue filter in the middle 
of other colours.



21

When	we	look	at	example	images	
presented to us as colour illusions, 
where the same physical object is 
seen both in light and shade, or in 
different lighting conditions (such 
as in images on this page), we 
should understand that, in those 
images, no colour is more authen-
tic than the other in these images. 
To us, a colour is always how it ap-

pears in a given environment. (See also images on pages 15 and 31.). Colours Can Never Have Neutral Environment!  

In the inverted colour phenomenon, our visual system adapts to 
various colour contrast situations, when adjacent coloured areas 
highlight each other inversely. Characteristics of a visual object 
are outlined from the background, and our visual image becomes 
significantly clearer, revealing visual properties of the environ-
ment (see images on pages 84–85):

a) redness of adjacent colour suppresses redness in target colour, 
which means that cyan as the inverted colour of red will be en-
hanced

b) green, in turn, suppress green in the adjacent colour, and green’s 
invert, magenta, is enhanced

c) blueness suppresses blueness, and the inverted yellowness is 
enhanced

d) darkness enhances brightness in another colour and vice versa.

From this it can be concluded that, in a single visual image, 
colour in itself is a colour phenomenon, because a colour can 
never be moved to a neutral environment from its surround-
ings and made into an independent visual variable measurable 
with	 technical	 apparatus.	An	environment	 that	doesn’t	 affect	
the colour simply doesn’t exist. Even a grey background is not 
such an environment. (See also Edwin Land on page 54.)

Blue of the left cube is 
physically yellowish grey, 
and yellow of the right 
cube is physically bluish 
grey.

This shows that our 
colour vision has 
evolved to distinguish 
colour messages even 
in very difficult lighting 
conditions.
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When	we	talk	about	colour	phenomena,	we	talk	about	how	the	
appearance of a single colour varies in different observation situ-
ations. Variations are almost always such that we cannot even see 
them without special arrangements. The image on previous page 
is a perfect example of this: it clearly shows that no technical ap-
paratus used for light measurement can predict how we see a col-
our in its environment. (See examples on pages 75 and 85.) . When we perceive colours, our visual system seems to be 
functioning in a more straightforward manner than we have 
believed!

When	we	look	at	afterimages	(see	pages	92	and	171),	we	can	easily	
understand how inaccurate the assumptions – presented by physio-
logist Ewald Hering and other scholars – about complement(ary) 
colour	pairs	(see	page	50)	are:	We	can	see	that,	when	we	exclude	
the black–white pair, there are only three mutually exclusive col-
our pairs and they don’t include red–green, yellow–violet, or 
blue–orange pairs suggested in painter Johannes Itten’s colour 
‘theory’ (see diagram below).

The anatomically multi-level and neurologically multi-stage op-
eration of our visual system is perfectly illustrated with RGB  
technology: The image of televisions and computer screens is 
created additively with three colour channels, that is, with red, 
green and blue light (hence the name RGB colours). In the simi-
lar manner, our trichromatic (three-colour) colour vision can 
be called additive (or brightness increasing), and RGB colour 
channels can be used to approximate its 
operation. In the image on the next page, 
RGB colour bars (or channels) illustrate, 
how active the cone cells of the human eye 
are, when they react to particular colours.

Because of this similarity between our tri-
chromatic vision and the additive colour 
formation with RGB colours, we should re-
gard RGB colours as the primary primary 
colours. CMY colours, in turn, should be 
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regarded as intermediate colours, because they have been cre-
ated	with	RGB	colours:	We	see	these	intermediate	CMY	colours,	
when two of our three ‘RGB’ colour channels are active. It should 
also be noted here that green is not a combination of yellow and 
blue, because our eyes don’t know how to mix paints (see colour 
grids on page 93).. Yellow, red and blue – colours that are traditionally held as 
‘primaries’ – are not primary colours, because they don’t meet the 
generally accepted definition of a primary colour: a primary col-
our cannot be created by mixing other colours! 

In the popular colour ‘theory’, colour formation with lights 
(RGB) and dyes (CMY) are happily – but inaccurately – used 
together.

In additive colour formation, such as in RGB displays, yellow (Y) is a 
combination of two other colours, red (R) and green (G). In subtrac-
tive colour formation, such as in prints made with CMYK inks, it is 
one of the primary colours.

In additive colour formation, red (R) is a primary colour and, in sub-
tractive, it is a combination of magenta (M) and yellow (Y).

In additive colour formation, blue (B) is a primary colour and, in sub-
tractive, it is a combination of magenta (M) and cyan (C).

All	colours	that	we	see	around	us	can	be	explained	as	interpreta-
tions caused by the cooperating three colour channels in our vis-
ual system, and it makes no difference whether these colours have 

been created by mixing paints, inks or 
lights – or if they are structural colours 
in a soap bubble.. Contrary to old theories, reddish-
green colours exist!

Since the beliefs presented by Ewald Her-
ing, our traditional understanding of col



24

our has considered red and green as a mutually exclusive opponent 
colour pair (see page 50).

Reddish-green colours (R + G = Y) are, however, just colours 
among others. They are sometimes called yellows, greenish-yel-
lows, or reddish-yellows, depending on which colour channel, 
red	or	green,	 the	visual	object	activates	more.	When	 these	col-
ours are dark, we often refer to them as olive greens, dirty greens, 
browns, etc. (see pages 61–62).

We	should	also	understand	that	yellow	as	a	combination	of	red	
and green is a visual sensation caused by two channels in our 
visual system (R+G=Y) just like cyan (G+B=C) or magenta 
(R+B=M) (see diagram on page 167).

In this context, it is also necessary to note that we cannot dark-
en yellow with black pigment or by reducing the brightness 
of red (R) and green (G) light on a computer screen without 
making the yellow look greenish. In other words, unlike other 
colours in general, yellow doesn’t seem to have any dark vari-
ants (see pages 79–80).  . We can never see ‘cyan-red’, ‘ma-
genta-green’ or ‘blue-yellow’ colours, 
because they consist of mutually ex-
clusive inverted colours!

1   cyan-red is ‘zero colour’                 
     (C = G + B) + R = 0

2   magenta-green is ‘zero colour’   
     (M = R + B) + G = 0

3   blue-yellow is ‘zero colour’ 
     B + (Y = R + G) = 0
We	 cannot	 see	 these	 colour	 mix-
tures because, in them, the three 
primary colour channels (R G B 
= L M S) produce a simultaneous 
and proportionate visual sensa

Our everyday visual 
images contain red-
green colours.
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tion, just like the colourless ‘zero 
squares’ in provided example images 
indicate (see diagram on page 167). 

Inverted-Colour Phenomenon 
in Visual Image 

When	we	look	at	how	our	visual	percep-
tion functions, we will see that inverted 
colours  

a) dilute / neutralize each other

- when they are mixed (or combined) 
in additive, brightness-increasing col-
our formation (= the colours will light-
en each other until they reach white);

- when mixed in optical, diffuse (fuzzy) 
colour formation (= we will see bright-
ness averages of both colours until they 
reach neutral grey);

- when they are mixed in subtractive, 
brightness-reducing colour formation (= 
the colours will darken each other until 
they reach black; see image on the left);

b) amplify (or emphasize) each oth-
er in border contrast;

c) reveal (or produce) each other in 
afterimages (see example image on the 
left) conversely to what complemen-
tary colour theories erroneously claim. 
The phenomenon is also an example 
of ’counterbalance’ between black (or 
dark) and white (or light) (see example 
images on page 92).

Afterimages	 are	 visual	 sensations	
produced by our visual system, and 
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the colours we see in them are in-
verts (inverted colours) of the col-
ours	 in	 the	 stimulus	 image.	We	 see	
them, because our photoreceptors, 
primarily the cone cells, adapt to 
light coming from a visual object 
and it takes some time before they 
return to their baseline ‘zero’ state.

In this phenomenon, we see a col-
oured afterimage (successive con-
trast) that is still created by the 
cooperation of all photoreceptors, 
but is missing the activity of the 
photoreceptors ’fatigued’ by the 
stimulus image (see image below).

Why	yellow	(Y	=	R	+	G)	turns	green	(G),	when	it	is	mixed	with	
cyan	(C	=	G	+	B)?	This	phenomenon	is	clearly	visible	in	bright-
ness-reducing,	subtractive	colour	formation:	When	cyan	(C)	
pigment is added to yellow (Y) pigment, it removes cyan’s in-
verted colour red (R) from the visual image until only green 
(G)	is	left.	When	the	amount	of	cyan	increases,	increases	also	
the amount of blue and the hue becomes increasingly cyan.

Why	yellow	(Y	=	R	+	G)	becomes	red	
(R), when it is mixed with magenta 
(M	 =	 R	 +	 B)?	 Again,	 the	 phenome-
non is best seen in subtractive colour 
formation:	 When	 magenta	 (M)	 pig-
ment is added to yellow (Y) pigment, 
it removes magenta’s inverted colour 
green (G) from the visual image until 
only	red	(R)	is	left.	When	the	amount	
of magenta is increased, increas-
es also the amount of blue and the 
hue becomes increasingly magenta.

Stare at the left cross 
for some time and then 
move your eyes to the 
cross on the right to 
see an inverted-colour 
afterimage.
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Why	cyan	(C	=	R	+	B)	becomes	blue,	when	it	is	mixed		with		magenta	
(M	=	R	+	B)?	In	this	case,	too,	we	can	use	subtractive	colour	formation	
to demonstrate the phenomenon: when magenta (M) pigment is added 
to cyan (C) pigment, it removes magenta’s inverted colour green (G) 
from	the	visual	image	until	only	blue	(B)	is	left.	And,	again,	when	we	
increase the amount of magenta, the amount of red also increases and 
the hue becomes increasingly magenta.

        PRINCIPLES OF COLOUR PERCEPTION  

In summary, we can distinguish three basic principles in human 
colour perception:

1) Our visual system processes the visual image in a three-colour-
channel manner. 

2) It is functional to our visual perception that the inverted colour 
phenomenon (in which the inverted colour of and the lightness dif-
ference to the surrounding colour is increased in the target colour), 
‘outlines’ the object from its background.

3) In shadow phenomenon, the brain keeps colours in the visual 
image recognisable (= colour constancy) even in difficult lighting 
conditions.

Apart	 from	cone	cells,	also	rod	and	ganglion	cells	participate	 in	
colour vision (see Blueshift on page 76).

Technical electromagnetic radiation sensors only work in a three-
colour-channel manner. For example, they do not yet have a ‘vi-
sion’ for inverted colour phenomenon or shadow phenomenon.
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