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Abstract

ABSTRACT

In external city environment areas there is a poor understanding and often no

conscious use of colour.

The experts that work with colour, in terms of the built environment, either as project-
makers, or as managers (decision-makers), are poorly prepared to deal with it.
As an answer they minimise the problem of colour in architecture, especially in
exteriors, simply by omission:; or, they introduce colour mostly without criteria - in
some projects colour plays only a cosmetic role - supposedly aesthetical.

Most project-makers do not consider colour as an integral part of the global

design process.

Colour theory and teaching courses have been considered supplementalto the
mainstream of architectural education; for most part of the students of architecture
or landscaping architecture, colour remains a matter of individual taste.

People in general are very conscious of colour and texture in the built environment
and they really like variations (as some studies done in Sweden (Kdller 1981;
Mahnke 1993) have already showed). They are negative and critical of austere, -
colourless environments in our cities; also colour has psycho- therapeutic effects
that can be utilised to meet the physiological needs of people living in crowded
environments.

Colour is one of the basic components of the environment, which influences life quality
and it can be approached from different perspectives and different disciplines.

This research addresses the issue of colour in the architecture of the built environment,
analysing the behaviour of the unity which results from the straight relationship between
colour and space (as quantity of colour): the Colour/Space Unity. The investigation
shows not only the existence of this unity, but also that it is a unity of visual
communication,

In terms of allocating the findings and interpretations through a review of the

relevant theory, the author uses a survey methodology. a full test response

xxlil
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questionnaire to a wide range of members of society (to test theory) and semi-
structured interviews with a pane!l of experts (as a feasibility test of the questionnaire
design and contents). The questionnaire findings are used to test the theoretical
position through further comments from the expert panel.

The research presents as results, not only the existence and importance of the
colour/space unity, as a visual communicational one, such as the levels of
articulation of the messages in the buitt environment or the contrast in the relationship
between qualification and quantification in colour/space language; but it
demonstrates the major importance of the colour/space unity in the architectural

projectand in the colour planning management within the built environment.




CHAPTER 1

INTRODUCTION

1.1 Introduction
This chapter describes the background support, the aims and objectives of this
research, emphasising the importance of colourin the built environment planning,

as well as it enounces the thesis layout and the thesis guide.

This is a study of the perceptive - communicative relationship between Colourin

the architecture of the city and Space, as an area of colour, which defines an unity:

the colour/space unity.

This unity intervenes in the visual methodological programming of the environment.

1.2 Background
“Colour, or the concept of colour, can be approached from different perspectives
and different disciplines, such as the natural sciences, colour theory, technology,

philosophy, biology, medicine, psychology, architecture and art” (Levin 1995).

In the twentieth century, interest in colour in architecture in Europe has been
expressed in several ways (Lenclos 19995). Two periods can be distinguished,
characterised by different perceptions of the issue. First, between the 1920°s and
the outbreak of the Second World war, architects themselves tackled the question
of colour, either by adopting some sort of polychrome, or, on the contrary, by
excluding it from the design of their buildings. In the second period, in the 1950°s,

new forms of coloration emerged, this time at the initiative of certain artist-painters.
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One movement thathad a greatimpact was that of the Bauhaus, a revolutionary
and functionally sound school founded in 1919 by Walter Gropius. The Bauhaus
established new modes of building design and construction, but with a definite
lack of colour and ornamentation. Gropius became the leading advocate of a
purist and functionalist approach to architecture. White, clear, and bright meant
freedom and space. It seems odd that principles of colour and colour psychology
were introduced into the teaching program atthe Bauhaus. In thefine arts, such
Bauhaus painters as Paul Klee, Josef Albers, and Johannes Iltten produced some
excellentwork in colour. Yetno allowance was made foritin architecture.

Le Corbusier used colour in architecture with less regard to natural environmental
conditions. He had a greatfondness for colour and believed it can create a feel-
ing of space. His compositions were based on sound geometry; in a Berlin apart-
ment project, for éxample, he used red, yellow, green and blue, in a waythat com-

plemented the geometric architectural composition of the building (Mahnke 1993).

In her work, Galen Minah (1984) refers that the Dutch De Stijlmovement was an
important accomplishment in the use of colour as a toolin theoretical approaches
to architectural form. The best known members of this movement were the artists
Piet Mondrian and Theo van Doesburg, who became the prime spokesman for
the movement, and Gerrit Rietveld, an architect who produced some of the only
built objects of this period. De Stijl was a dramatic development in the use of
colour as both an integral part of the design process and as a tool for the creation
of a newspatial experience. No other movement had employed colour as a con-

ceptually spatial idea to this extend and none had recognised and used in prac-

tice the destructuring capacity of colour.

Other movements employing colour as a basis for the conceptual design were

Constructivism, in which colour played a symbolic role (Cheernikov 1989), and

Expressionism.
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The Expressionists were artists and architects who saw their creative role as a

calling to save society through their inspired artistic achievements. For the Ex-
pressionists colour was powerfully emotive and highly individual and subjective,

as seen in the architecture of Hans Poelzig and Hans Scharoun (Pehnt 1973).

A dramatic influence on architectural colour came in the 1970s when artists be-
gan touse buildih'gs 5s'canvases In the early 1980s, a survey was conducted at
Oxford Brookes UnwerSIty comparing responses of both lay people and archi-

tects to PC;we.rfulily coloured purgdrngs (Porter 1996). This found a remarkable

"*"l} ﬂ‘r

enthuslasm among the pubhc for amore nchly coloured buitt environment, much

A
R

more than the archrtects
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Man recognlses colours malnly ﬂwrough the eye globe (sensations) and through
the brain (thought and feehngs) The nervous system operates in such a way that

the perception being determined by the integrated configuration of activities of a
great part of the brain, and not exclusively by that sector that, initially, receives the
messages of the first receiver. In the perception process there exists, therefore,
an integrated activity of the nervous system.

Besides that, to see, to think and to feel are directly connected with each man’s
cultural background.

Concerning the natural order of the chromatic sensation, it's important to define

the sense of colour.

The chromatic sensations, logically, and in physiological terms they adapt them-
selves at the different dimensions.

Therefore, the sense of colourisn’t only restricted to what is coloured, it not only

means what possesses sources derived from the spectral positions, but covers
all the perceptive capacity of the other dimensions. So, in the sense of colour, the
values of the light intensity, or brightness, are also considered, along with hue,

intensity values, and saturation (chroma) (Fig1.1).
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Fig 1.1 The same street view in Seattle with different light
incidence (Minah 1996)

The visually significant result of the physical-physiological-psychological relation-
ships form the most elementary components through which colour becomes or-
ganised under the form of visual language (Monzeglio 1978).

The relationship of those components co-ordinates colour in sensibility levels which
differ in quantitative and qualitative contents of hue, value and chroma (Munsell
1976):

e Hue - attributes colour meaning of its position in the spectrum, defined by its
wave length; is the quality or characteristic by which one colour is distinguished
from another.

e \alue - attributes value meaning of brightness; it's called lightness and it's the
quality that differentiates a dark colour from a light one.

e (Chroma - attributes intensity meaning or purity of colour; it's also called

saturation.

Those three physical attributes allow to attribute to colour, as a sensitive element,

not only precise and own definitions in qualitative and quantitative characters,
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but also in brightness (value), hue and chroma (Albers 1963; Casson 1992).
As Faber Birren (1961a) has demonstrated the maximum favourable colour ef-

fects depend within reason on variety and contrast (Fig 1.2).

Fig 1.2 The coloured phantom of the buildings of Venice (Lancaster 1996)

In 1981 the researcher Dr. Richard Killer made an important study dued to his
scientific way about the physiological and psychological effects of light and
colour, as have others who have approached the subject from the same point of
view (Berlin et al 1969; Gerstner 1986; Hardin 1986; Mahnke etal 1993; Ruling
1990; Simpson 1991) .

Colour, which is created by light, is therefore a form of energy, and this energy
affects the function of the body just as it influences mind and emotions (psycho-

physiological effects).

Today, people know that colour affects cortical activation (brain waves), functions
of the autonomic nervous system (which regulates the body’s internal environment),
and hormonal activity, and that colour arouses definite emotional and
aesthetic associations (Moruzzi et al 1949; Goldstein 1942: Ali 1972; Gerard
1957; Jacobs et al 1974; Berlyne et al 1965) .

As Richard Kuller (198 1) refers: “Stress symptoms (such as changes in the rate of

breathing, pulse rate, blood pressure, muscle tension, psychiatric reactions of
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varying types, increased susceptibility to infection, coronary disease, ulcers) are

typical effects on those persons who have been subjected to overstimulation”.

Colour has also been used therapeutically in treating emotionally and mentally ill
patients. For instance manic and aggressive patients need cool colours to calm

them down, while depressive and suicidal patients need warm and exciting col-

ours to compensate for the melancholic inner state.

“All visually impaired students need environments that are at leastrestrictive. For
visually impaired students with multiple disabilities, the use of colour and contrast
can enhance their learning environment” (Gellhaus 1993).

Colour not only produces mood associations, subjective and objective impres-

sions, but also influences our estimations of volume (Fig 1.3), weight, time, tem-

perature and noise.

Fig 1.3 The pale blue on the wall at the end of the street in the fishing
village of Gudjheim serves to exaggerate the distance
(Lancaster 1996)

Many of the studies undertaken up to today are related with the control of the
colour effects in the interior spaces (Fig 1.4) (Mcghinchery 1994):

s Hue effect, impressions and associations, and character of each colour;
its location (top, sides, bottom);

3 Centrifugal/centripetal action and complexity of colours;

® Perception of volume, weight and size;

* Time estimation (under the influence of a certain colour);

. Perception of temperature of noise and sound ;

» Associations of odour and taste
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Fig 1.4 Colour collage of hospital patient room, cool colours,
using Glidden notation: 1 Walls: 72-58; 2 Endwall: 75-57;
3 Ceiling: 70-26; 4 Floor: 72-15; 5 Bedspread: 72-14,
6 Upholstery: 76-06; 7 Upholstery : 72-14 (Mahnke 1993)

Cultural heritage also influences the effects of colour. Each culture has its own
colour and pattern traditions (Fig 1.5) and, of course, there are economics, geo-
graphical (Fig 1.6) and religious factors, as well as fluctuations of taste (Fig 1.7)

and educational levels (Macguire 1994; Sivik 1969).
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Fig 1.5 Colour and pattern traditions are important
in inhabitants personalisation.
Colour is identity (Lenclos 1995)
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windows watch like bright eyes in the (tradition, culture and taste) in Ireland
Mediterranean painters’ town in the (Lenclos 1995)

Roussillon region, eastern Pyrenees
(Lancaster 1996)
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However, there are generic values valid for all men, as Edward Hall (1966) alleges,

which allows us to elaborate selection criteria for certain chromatic messages.
There are, for example, standard colours, in fashion cycles, whose permanency is

not related neither with duration nor with sector (Fig 1.8).

Fig 1.8 The use of a colour scheme in Berlin:
standard colours not related with a specific
sector or city (Lancaster 1996)

As Marshall Mcluhan (1969) said, due to the radical revolution in the cultural field
caused by the development of information systems by electronic computation,
one can talk about an international culture, and in our particular case, an interna-
tional colour culture. There are specific colours broadly used in many parts of the
world. It's possible to create a colour directory which represents the range of col-
ours used by a great number of societies .

With the intense circulation of the different media, it has become very difficult to
consider a culture or a market in isolation; people are losing the boundaries which
characterise different ethnic, religious or national groups. They are under continu-
ous change, even the traditional and symbolic values that cultural minorities attrib-

uted to certain existing phenomenons in the colour culture.

When people think about space in its characterisation of visual perception, a cer-
tain relationship between man and the environment is created which is defined

as visual space. This is the space this research is going to deal with.
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According to James J. Gibson (1950), the visual space perception is based in

the fulfiiment of physic-psychophysiologic functions, which determine conditions
“to be able to see”. |

In terms of colour/space, the type of communication is the visual one, because it
relates itself to the specific perceptive channels for the vision chromatic sensa-

tions. Space, characteristically defining colour, belongs to the visual communi-

cative structure.

According to Colin Cherry (1957), “Sign is the physic concreteness of a mes-

sage’. The physical stimuli of the perceptive structure are the signs of the issue

in the communicative structure.

In the /language, which interrelates colour and space, one considers signs the

perception basic stimulus: space/hue, space/value and space/chroma, connected

with space/configuration (Monzéglio 1979).

The anthropologist Edward Hall (1966) created the term proxemics (and also the
science), that means the study of man’s utilisation of the space, as a specialised

elaboration of the culture, i.e. in which way and how man enjoys and uses, appro-

priates and interacts with the space.

Proxemics is a very significant step in the knowledge of the Man/Environment

relationship, when it affirms that different cultural systems create “different worlds

of sensations” for the people that use them.

Many researchers have been searching for values to be introduced in the urban
environment, with the objective of increasing quality of life. Among them we find

Gordon Cullen (1961) and Kevin Lynch (1974), whose concepts and methods are

of great value in the incursions of proxemics character.
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Colour is one of the environment’s basic structures, which directly influences the

quality of life.

“Colour is one of the most important aspects of the city life: it is one of the main
factors in our description of a city’s decorative effect. To be fully effective for city
decoration requires some strategic policy which sets a colour agenda for the city
and its main elements, districts, paths nodes, edges and landmarks. The city
image from the point of view of colour is often formed over a long history and also
strongly affected by its environmental setting. Determination of colour image re-
quires a sensitive response from the urban designer. A response which should
be based on a thorough survey of colour in the local environment (Fig 1.9). For
the remainder of the city, colour can be used to highlight important buildings and
landmarks (Fig 1.10), colour code important paths and give individuality within

the overall pattern for important squares and meeting places” (Porter 1996).

izl =Raomaam Hiers m
. e
¥ 3 < .
i— Ay .
M TN
P | -
- i

<

T
_:H'J."ﬁ'

W Ill'll . i
| S
o AE [

' i
S e
(B ll-! 3

E
l” l.l--l I”

! ; i;.l
H ™ i T oW
o —— |
IE ] ARy il = , 1.-|u‘|

Fig 1.9 Survey of colours in France done by J.P. Lenclos
in the local environment (Lenclos 1979)
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Fig 1.10 Colour used to highlight and accent the
individuality of a building in Mortlake U K.
(Lancaster 1996))
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“The colour of one city is a necessary function of its light, as physically all colours,
and it becomes a symbol (Fig 1.11). There are reasons of mental and cultural

expression, as well as geographic one: cities of the north are darker; cities of the

south are much more clear” (Franga 1993).

Fig 1.11 The colours of Lisbon seen by Francis Smith:
the light of Lisbon which is a symbol and

characterises the city (Franga 1993)

Human beings receive 80 percent of their information from the environment.

The perception of colour in the environment always carries visual, associative,
synaesthetic, symbolic, emotional and physiological effects with it.

Mahnke (1990) assumed that six basic interrelated factors influence the “Colour

Experience” and he used a pyramid to illustrate this (Fig 1.12):

 Personal .
" Relationship "

' Influence of Trends, -
Fashion, Styles

' Cultural Influences and Mannerisis.

3 et T R A . — = e —————

Conscious Symbolism - Associations
Collective Unconscious
Biological Reactions to a Color Stimulus

R e B —— e — P e e — . — 5

T — = T— 5

Fig 1.12 The Colour Experience Pyramid (Mahnke 1990)
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People in general are very conscious of colour and texture in the built environment
and they do like variations. Studies (Kawamoto 1993; Sivik 1974) point out that
the presence of colour on exteriors gives rise to positive evaluations, v;zhile the
absence of colour is generally considered negative. There are even many re-
searchers that have arrived at the conclusion that colourless environments germi-
nate or contribute to some of our social ills.

People are negative and critical of austere, colourless environments in our cities:
also, colour has psychotherapeutic effects thatcan be utilised to meet the physi-

ological needs of people living in unresponsive, crowded environments.

For many years Sweden has taken an active interest in the study of people's
reactions“towea and evaluations of exterior environmental colour. The Depart-
ment of Psycholegy of the University of Géteborg conducted a series of investiga-
tions, and overall results show that the majority of people are critical of a lack of
colour and positive about happier colours (Fig 1.13). In one of these investiga-
tions, 600 people were interviewed in two different housing areas: one with grey
buildings and the other with strongly coloured buildings. Those living in the grey
area described their homes as concreté boxes, bunkers, and the like, while al-
most all of those living in the coloured area were happy to have colour in their
environment (Mahnke 1993).

It took barely 50 years for concrete - the material hailed as a liberator of architec-
ture -to sink so lowin public esteem as to appear most often within the unsavoury
Homeric epithet concrete jungle. It also has the added disadvantage of social
stigma. For example, England sophisticated building plans, associated with so-
phisticated use of concrete, are occupied by those at the margins of society.
Concrete, lacking the glitter and shine of glass and metal, is generally character-

ised as grey, damp-stained and irredeemably unsexy, symbolic of the statist as-

pects of the welfare state (McKean 1996).

12
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Fig 1.13 The happy and vernacular environmental
colours used in Burano - ltaly
(Lancaster 1996)

Sweden (Sivik, Kuller) showed that the dimensions of hue, i.e., the greenness,
redness, or yellowness of colour, was much less important in environment colour
than chromaticness or blackness for certain areas. For example, all dark colours
were seen as being more masculine, more unusual and heavier than light colours
and that former tend to reduce space and define it less clearly when judged in
comparison with their tinted counterparts. Lighter colours, on the other hand, were
judged as being more friendly, more cultured and more pleasant, and also rated

as appearing more beautiful than the darker colours (Lancaster, 1996a).

Light and colour are inseparable and in the design of the man-made environ-
ment (Fig 1.14), equal attention must be devoted to their psychological, physi-
ological (Schuschke et al 1993), visual, aesthetical and technical (Gellhaus et al

1993) aspects.
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Fig 1.14 The colour scheme used in the historical centre of

Valencia (Spain) reflects the straight relationship between

light and colour in the design of man-made environment
(Garcia et al 1996)
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In the architectural project , the architect must always deal with the public’s needs
and preferences, as well as his own aesthetic aspirations. Colour becomes part

of a conceptual understanding or architectural form in the design process.

In their coloration, individual buildings may appear pleasant or oppressive, well
proportioned or distorted, stimulating or monotonous (as may be the case with
achromatics). Buildings that exhibit the same or similar design can be given indi-

viduality through colour detailing (Fig 1.15).
A great part of the understood colours (i.e. Colours that the eye can easily iden-

tify), when one visually explores the urban environment, is connected with the su-

perficial treatment or quality of the objects (texture).

Fig 1.15 The use of colour gave the individuality to these buildings
in Gloucester Road-London (Lenclos 1995)

The revetments of the buildings have characteristics of their textures, such as:

transparency, opacity, colour, brightness, smoothness, etc. (Fig 1.16 and 1.17).
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These characteristics determine if the light will be reflected, transmitted, refracted,

absorbed or if it will suffer a selected combination of those effects (i.e. glass acts

as a filter, absorbing certain colours).

Fig 1.16 Different textures with specific characteristics Fig 1.17 The use of tiles in the revetment of buildings in
used on the revetment of a building in Rouen Lisbon: the light is reflected (Lenclos 1995)
France (Lenclos 1995)

Paints have a leading role in bringing colour into the public space, as do other
materials such as ceramics, plastics, rubbers, metals, glasses, cements, con-
crete, asphalt and textiles. The great exception is represented by the natural ele-

ments: stone, wood, water, atmosphere, clouds and “greens”.

In external city environment areas there isn’'t a conscious use of colour. Many ar-
chitects are introducing colour into the environment but, unfortunately, mostly with-
out criteria (in some projects colour plays only a cosmetic role - aesthetically).

There are, however, good examples of colour application (Lenclos 1979), but they

are stillthe exception rather than the rule (Fig 1.18,1.19 and 1.20).

Fig 1.18 Housing complex with stores on ground
level, Geneva, Switzerland (Mahnke 1996)
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Fig 1.19 Housing complex, Carouge, Switzerland
(Mahnke 1996)

Fig 1.20 Row housing complex in Obergtsgen, Switzerland (Mahnke 1996)

The choice of colours has almost always been a random process, based on per-
sonal preferences or on superficial functionalist considerations. Professionals con-
nected with that choice need to have a consciousness about the importance of

colour, with an expressive identity, in the determination of the product quality.

“The fact that many architects seem reluctant to use colour fascinates me. | be-
lieve this is something to do with their education and is best illustrated by two
ways of viewing of the Parthenon in Greece. The first is an architectural percep-
tion that sees this temple as a monochromatic essay in proportional excellence.
The second perception sees it as itactually appeared on its opening day in 447BC.
Then, it was completely covered in paint and gilding. Both interpretations - the
architectural and the Ancient Greek, concern concepts of purity. The coloured

version involves purity because this is the very meaning of the work Parthenon”

(Porter 1996).

The experts that work with colourand space (as an area of colour), in terms of the city,

either as project - makers, or as managers, aren’t usually well prepared to deal with it.
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As an answer, they minimise the problem of colour in architecture, especially in

exteriors, simply by omission.

Patient experimental attempts and meticulous research by a few forerunners gave
rise to a new profession viewing architecture, that of the colour consultant, work-
ing especially with colour manufacturers (Prieto 1995). The importance of colour
within the project of architecture is growing every day.

“When architects pick colours, they usually cling cautiously to whites, greys, and
muted tones. But over the last 15 years, as interest in polychromy has resurged,
more practitioners have ventured into the realm of brighter and more saturated
tones. And as they have, a new specialty has emerged — the colour consultant.
Many of those consultants are members of the Color Association of the United
States (CAUS). Although most architects and all colour consultants stress the
importance of considering colour early in the design process, few colourists are
brought into the project at the schematic design stage” (Solomon 1992).

A very responsible and pragmatic work has been developed by CAUS - Colour
Association of the United States, as well as IACC - International Association of

Colour Consultants (Salzburg Austria) (Fig 1.21).

fr"';'?"* "r,:
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Fig 1.21 Colour proposal for Ganahl-Objeckt, Feldkirch, Austria,
by colour designer Edda Mally -IACC Colour Consultant
(Mahnke 1996)

“In the twentieth century, interest in colour in architecture in Europe has been ex-
pressed in several ways. A historical overview, marked by certain events in the

20" century architectural movement, illuminates in this discussion the origins and
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the need for the new profession. In a more detailed way, the working methods and
some realisations of the principal French colour consultants are addressed —a
presentation thatis intended to interest researchers or professionals by providing

specific information that, despite its importance, seems to be lacking in special-

ised publications” (Prieto 1995).

Building upon this theoretical support one can establish the relationship between
the three attributes and space, in such a way as to define the colour/space unity

and to study the colour/space unity behaviourin the perceptive reality of the chro-

matic attributes (visual communication).

The environment is permanently being visually destroyed and appended, reducing,
very often, the urban spaces into unbalanced places in terms of colour and, there-
fore, very unpleasant.

The principle of unity and complexity balance is perhaps one of the major difficul-
ties that the researcher may encounter, and at the same time it's one of great

importance (Crewdson et al 1953).

Maybe for the first time in History people possess the necessary elements to
achieve the production of a pleasant environmental atmosphere for all. This
atmosphere should not exist only here and there, as in small holidays confrolled
environments, but should be accomplished all over the city where people live our
daily life. The self-realisation of the aesthetic and cognitive needs dependson a
correct and perfect identification of Man with the environmental systems of

objects, in a communicational process.

1.3 Aims of the Study

Colour theory and teaching has been considered supplementaryto the mainstream

of architectural education. For the majority of the students, colour remains a matter

of individual taste (Janssens & Mikellides 1998).
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Some architects are still reluctant to consider colour as an integral part of the total
design process. ltis also true that most architects do not have the luxury or the
freedom to design as they truly wish to do. Those much-publicised projects that
serve as outstanding examples of the rebirth of colour usually are the work of

internationally known architects of considerable professional reputation.

The average architect often must compromise to satisfy the demands of his client.
Developers of office buildings, mass housing, shopping centres, and the like, of-
ten are concemed with public reaction and therefore the saleability of their projects.
This leads to preconceived notions of public taste without a real understanding of

people’s desires and needs. Often local government officials also hold cautious

VIEews.

External colour not only is important in the psychological realm (achromatic ver-

sus chromatic), but also is an important element in the form of an architectonic

ensemble (Mahnke 1993).

The primary aim of this research is to bring colour into a conceptual framework,
where its relevance is part of the design process and, consequently, of built envi-
ronment management.

To arnive there, the author will firstly prove that:

. There is an interrelation between Colour and Space (as an area of Col-
our), which defines a unity : the Colour/Space unity;

. Colour/space unity is a unity of visual communication , and so with strong

implications in our built environment.

1.4 The Objectives of the Research
The objectives of this study are summarised as follows:

e Joexamineand analyse the extension of the concept of the message planning

in the environmental relationship between colour and space, as elements of struc-

tural order, which define a unity : the colour/space unity.
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e Tomodel colour/space unity as a unity of visual communication, giving col-

our/space system an organisational sign.

e To observe the colour/space unity behaviour within the communicative sys-

tem.

e Toshowthe major irﬁportance of the colour/space unity in the project of archi-

tecture, on exteriors and in courses of architecture and urban planning.

e To develop a framework for the integration of colour in the project making
process.

e Todrawrecommendations for future research.

1.5 Research Outline

The apbrbgéfi \éf&épted by this study, to identify the colour/space unity as a visual
communicéﬁaﬁél one and prove its importance in the process of the project of
architecture, and therefore in the colour management within the built environment,

S to channel down related colour and space information, in order to prove the

existence and importance of the colour/space unity.

S0, this study used structured methods of analysis: integrated the relevant litera-
ture review on the subject and the author’s personal experience, with a survey
methodology (questionnaires and semi-structured interviews).

The overall approach is represented in the chart of the research process (Fig 1. 22).

1.6 Scope

Many studies have already been done on colour issue, but most of them are re-

lated with psychological or physiological influence of colourin human behaviour,

or have addressed colour in architecture interiors.

Anyhow, there is a lack of information about colour, which conducts to the actual
state of things:

. Or people prefer not to use colour in architecture, which is impossi-

ble because if there is light, there is colour (as referred in the study);
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. or the technicians who work with colour use it in its cosmetic role,
with no scientific approach to colour use or effect, and having no notion that colour

is an essential elementin the process of the project of architecture;

. or people who have to manage colour planning, they doit by feel-

ing, without any knowledge in the subject area, or without the help of a colour

adviser.

The only controlled situation still remains in the urban recuperation planning field,
where fortunately and in most of the cases, the involved professionals implement

a colour search which conducts to a defensible colour planning proposal.

This study has resulted in the development of a focused research into the effects
and management of colour in the built environment, referring the existence and

importance of a colour/space unity, which is a unity of visual communication, with

strict implications in the project of architecture.

1.7 Guide to Thesis

The main purpose of this sub-section is to assist the reader by describing, at this
early stage, the manner in which this thesis is ordered by concisely noting the
structure of the thesis and the content of each chapter.

S0, the structure of the thesis is briefly presented here. Consistent with the re-

search tasks and objectives, the layout of the thesis is as shown in figure 1.23.

The thesis starts with the background discussion and definition of the problem.

This enables the problem to be stated and defined in a form suitable for research

investigation.
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Chapter 2

The pragmatic approach to the study of colour is introduced in this chapter. The
origins of the term colour and the spatial value of colour. Colour is also seen as an
element of the light structure. The study covers the differentbi and tri-dimensional
colour models, as well as the colour systems. Colouris addressed as an element
of the visual space. The research goes through the physical, psycho and physi-
ological characteristics of colour, and its relationship with the chromatic sensa-

tions. The study ends with the phenomena of the chromatic contrastin the different
colour relations.

Chapter 3

This chapter addresses the space issue. The study firstly examines the elements
for perceiving space, as well as the perception of the visual space through simple
and complex senses. The conditions of picking up and selecting visual stimuli of
spatial nature are also studied. The study continues through the visual boundaries
of perception and threshold of spatial differentiation, the visual field and the con-
struction of images and the organisation of the visual field in the structural relation-
ship of figure-ground. Concerning the visual space and its perception, the study

investigates the theories of perception, the opposition aspects and the contrast
conceptin perception of visual space.

Chapter 4

After the initial literature review on colourand on space issues, in this chapter the
author introduces the Hypothesis of the research undertaken by this study.

Chapter 5
After statement of the research question, in chapter 5 the study designs the meth-
odological approach to investigate the Hypothesis:

. a continuation of the relevant literature review, plus the author’s

personal experience on the research field; and

. asurvey methodology through questionnaires and rounds of interviews.
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Chapter 6

In this chapter, the investigation shows the existence of a straight relationship be-
tween colour and space, which forms the colour/space unity. ltalso proves that

this unity can be designated and measured by the colour attributes: hue, value
and chroma.

Chapter 7

After proving the exlstencg qt ithpe gg{our/space umty in this chapter the research

proves thatthus un(ty IS m*arinly;t ;elated W|th commumcat:on transforming it in a
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In this chapter, the research investigates the colour/space systems and the visual
languages programming, as well as the colour planning.

Chapter 9

In this chapter the second part of the methodological investigation of the
hypothesis is conducted: ﬂje survey.

Totest the author’s theory, a full test response via questionnaire is designed. As a

feasibility test, and later to revise theory with the support of the questionnaire findings,

the research produces rounds of semi-structured interviews with a panel of
experts.

The results of the analysis of the data collected from the questionnaire survey, as
well as from the interviews, are discussed in this chapter.

Chapter 10

The thesis ends in this chapter with the main conclusions on the research findings.

Comments on the general quality of the research and how it affects the research

findings are also made in chapter 10. The chapter ends with recommendations

on possible areas of further research to enhance its use. e
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CHAPTER 2

COLOUR

2.1 Introduction

Since visual language is a basic element of architecture and of the urban design
project, this research is focused upon fundamental components of the visual mes-
sage. They are always present in every phase of its organisation, in every mo-
ment of its happening, in every variety of its expression and its environmental

behaviour, participating in all the visual communicative process in the permanent

relationship between man and the environment.

Based on the understanding that architecture is dealing with ordered spaces in
accordance with their several functions, and that urban planning deals with multi-
ple spaces co-ordinated in accordance with multiple functions and uses, the par-
ticipant languages are therefore arranged, ordered and co-ordinated, by the de-
signer, for perceptive-communicative sets of adequate relationships between func-
tions and uses.

The visual space is a member of those spaces which, for its constitutional nature,
relates man and the environment by the light phenomena.

Colour being a component element of the light structure, it is also, therefore, a

component of the visual space structure.

So, space and light languages are in a permanent dynamic relationship, which

are as follows:

e essential elements of the visual environmental organisation;
e fundamental participants of the architecture message and of the city.

“The relationship between light and design is inseparable.

Light reveals form, space, texture and colour — all of which are fundamental archi-

tectural considerations” (Steemers 1994).
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“Colour may be defined as the whole of those sensations produced in the human
brain as a result of the light waves that reach the eye retina” (Monzéglio 1978).
Colour is not the property of objects, spaces or surfaces; it's the sensation caused

by certain qualities of light that the eye recognises and the brain interprets (com-

munication).

“Colour is a property and the language of form”™ (Mahnke 1993).
“Colour is light made visible through interaction with surfaces of all kinds. Itis the

surfaces — whether they are opaque or translucent — that make colour visible®
(Lancaster 1996b).

“Colour exists only in our brain and is the result of light of different wavelengths

reflecting from surfaces to varying degrees, stimulating parts of the brain® (Mahnke
1996).

The importance of colour in the perception of space results from not only the fact
of being a participant element of the visual unity in the formation of its first image,
but also from being a participate element of its own central essential stimulus,
once ittakes partin the structure of the light physic energy.

“Form is the body of colour and colour the soul of form” (Gerstner 1986).

This chapter reviews the relevant literature and highlights the colour fundamen-

tals, showing colour as an element of the light structure and of the visual space.

2.2 The spatial value of Colour

The recognition of the spatial value of colour brings about the inevitability to ac-

cept the significance value of the chromatic phenomena, which are consequence

of the following :

e  Colour- structure
e  Colour - significance

. Colour — significant
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The grammatical structure of colour comes from the fact that colour has by itself, a

mass, a weightand a characfter.
Mass is the amplitude of the chromatic surface: itis quantitative, mechanical.

Weight is the middie term between mass and character; it is the weight that gives
shade to colour.

Characteris the qualitative term, of value, and it implicates intensity (Marcoli 1986).

The term weight was adapted by the British Standards Institute (BS 5252) with
greyness to describe more precisely the differences between paint colours. While
greyness expresses the practical difference in apparent grey content between
one Qlog? qgg :ﬁﬁcher. weight is a modification of value, referring to lightness or
darkness (Glo;ag% 978).

2.2.1 Colour Meaning: Gestalt Colour (Marcoli 1978)
Each cultural pattern establishes a perceptive qualification, which reflects itself
onto the chromatic nomenclature, in such a way that it seems possible to associ-

ate the cultural development directly to the capacity to nominate the chromatic

impressions.
Colour is never static: it develops, it moves and chénges itself according to the
hours and the seasons, with changes in the colour of the light and in the composi-

tion of the air, with the cycle of night-day and with artificial light. Finally, it even

becomes achromatic below certain limits of illumination.

2.2.2 Colour Significant: Topological Colour (Marcoli 1978)
The movements of colours characterise their continuous transformation.

The movements of one colour to another form the chromatic scale and character-

ise their topography.
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The chromatic ordination systems happen by the topographic organisation of col-
our and they search for the basis of the chromatic harmony. They fulfil two objec-
tives: the objective identification of any colour and the colour harmony, whichis a
consequence of having identical essential values, as saturations or hues, origi-

nating, therefore, the harmony law from the chromatic topography.

2.2.3 Colour as Meaningful: Phenomenological Colour (Marcoli 1978)

The phenomenoiogical dimension of the chromatic phenomenon signs the sensi-
tive colour.

In p(gdﬁcé, the work of architecture is done with pigments and substances, which
reﬂect.ab;sorb '6r refract wavelengths: the Colour, however, is fabricated by the
Mind. .

Coloiiris the épirit of things, of shapes and acts; colour is “to seem”, because it
has a pre-conscious life, which is stronger than the conscious life, provenient from

the observer’'s background”.

2.3 Colour, as an element of the light structure

“...Colour is the visual form of light..." (Leck 1980)

“Six different areas were distinguished in the sun light spectrum, corresponding to
six different radiations, which produce, respectively, the sensations of: Red,
Orange, Yellow, Green, Blue, Purple” (Ovio 1927).

This subdivision, accepted by Goethe and other scholars is therefore wilful.
Newton, following a similarity with the sounds has distinguished in the same light
seven areas, with seven different colours, which meant a subdivision of the blue
area into two, which in reality in the sun light spectrum, through the optic prism, is
extended by a space which corresponds to the double of the other colours’ space
(Ovio 1927).

Colour is a component of the light, i.e. it belongs to the light struqture. We are

aware of the white colour, or sun colour, as a complex radiation, to which belong
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the monochromatic radiations, refracted by the prism and corresponding to the
colours of the sun spectrum. These radiations are characterised in the light struc-
ture by certain vibrations, each one to a different colour, with particular wavelengths.

Our vision organ is sensitive to them and is capable of distinguishing them, resuit-

ing from this different sensations:

The colour sensations.

The functions of colour are to attract attention, to impart information, to aid decep-
tion and to stimulate the emotions (Lancaster 1996b).

Tom Porter (1997) refers that whatever the function of colour in buildings, the choice
of hues together with the intensity of their variables, value and chroma, seemto

respond also to a kind of colour fashion. This appears to reflect a spirit of the time.

The reasons why the surfaces are coloured are:

e because theyreflect the light indiscriminately. Itis the process known in

physics as refraction and division of light, which consists of the absorption of some

wavelengths and reflection of the remaining ones

e because the reflected light stimulates the retina, activating the optical

nerve and the net of neurones which connect it to the brain.

It is the conjugation of these two effects, one of them intrinsic to the surface and

the other one external, which in the joined experience originate the conditions
leading to the perception of colour.

There is a reason for the spectral of reflection of a certain surface not looking

constant. If the colour of a surface is the sum of its reflected light, it means thatthe
colour of this surface could be affected by an alteration in its quality or composi-

tion, which is in the intensity or spectral balance of its lighting.

As one can see from experiments, and the individual life experience confirms it,
all surfaces reflect some light without selecting it. Even the chromatic surfaces,

which acquire specific hues.
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It is, therefore, from the equilibrium between these two types of reflection that the

colour of the surface comes from.

“As part of their characteristics, however, the architectural elements have surface
quality. As such, they are governed by the same laws that apply to the other spa-
tial elements but, unfortunately, surface colour and texture seem to occur in our
built environment more by accident or whim than by design. Texture and colour

play an importantrole in the environment at large for, in the modulation of surface,

they signal scale and depth.

They can also define zones of territorial space by communicating go and no-go
areas” (Porter 1997).

“Iextured surfaces reflect diffusely; smooth surfaces reflect directly - always sub-
jected to the relative angles of the light source and the observer. Textures vary
with scale and distance. The colours are visible through the process of colour

assimilation or optical mixing. Wet surfaces and smooth materials reflect more

intensely than dry or rough ones.
The pigmentation contained within any material - whether it be natural or artificial

- determines the colour by its capacity to absorb a proportion of the constituent

colours of natural light” (Lancaster 1996a).

Different spectral compositions can stir up the same sensations.
This phenomenon is called metamerism, and the denomination of metameric
colour is applied to any two colours which, although having various spectral com-

positions, seem indistinct because they correspond to identical tri-chromatic val-

ues.

It seems important to refer to the fact that the tri-chromatic values depend on the
lighting used. So, two surfaces can be called metamerics when they seem iden-

tical under certain lighting, and different under another lighting (Lougdo 1993b).
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The word Colouris frequently used with two completely different meanings.
According to the correct meaning, one should call it chromatic pigment when
people refer to coloured materials or substances used for painting and, colour
when itis referred to the visual perception which the eye sees when stimulated by
beams of light of certain wavelengths.
Iltis considered that the attainment of colour is processed in three ways:

o Subtraction

e Summing up

o Partition
These three ways originated three systems. The Subtractive System or Subtractive
Synthesis, the Additive System or Additive Synthesis and the Partitive Systemor
Optical Synthesis.
The first one of these systems deals with the colour while substance, the.second

one refers to colour while energy and the third deals with colour while sensation

created attheretina level from two or more coloured elements.

2.3.1 Subtractive System: Subtractive Colour (or the colour of the objects)

Light, natural or artificial, is fitered and diffused by the atmosphere, in a process

denominated subfractive synthesis.
When the lightreaches a surface, three things can happen:

e Thelightcan be absorbed and the energy turned into colour
e Thelightcan cutacross the surface
e Thelightcan be reflected

The three situations frequently occur at the same time. In this case, the object
absorbs some of the incident light and reflects the remainder.

The surfaces have characteristics such as: transparency, opacity, whiteness or
colour, shine or smoothness. Those characteristics determine if the light will be

reflected, transmitted, refracted or absorbed, or if it will suffer a selected combi-

nation of those effects.
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The colour of the objects is a sensation provoked by the light, as a result of the
absorptions and subtractions occurring on the surfaces, which are denominated
pigments: small solid particles, not solvent in liquids, having the function of

agglutination.

The subtractive colour handles the pigments.

The mixture of pigments is called the Subftractive Process, being the colour thus

remaining.

Theoretically, the mixture of the three primary colours will produce black, since the

resulting mixture of the molecules of the pigments should absorb all the frequen-

cies of visible light.

Following this principle, black, white and grey are called Non-chromatic Colours

because their appearance does not result from wavelengths of reflected light, but

from the quantity of light reflected.

Red, Yellow and Blue are considered the primary colours of the pigment.

Fig 2.1 Subtractive colours (Grandis 1986)

A great number of the understood colours, when people visually explore the urban
environment, is due to the superficial treatment of the objects.

Paintings play an important role in introducing colours into public spaces.
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Other artificial materials are laminated plastics, glass, concrete, mortar, asphalt
and textile products. The main exception is represented by the natural elements:
water, atmosphere, clouds and greens. The colour sensation produced by the

absorption and reflection of the natural light rays is the common characteristic of

all the artificial objects (Loucdo 1993b).

2.3.2 Additive System: Additive Colour (or colour of the light)

When all the wavelengths of visible sun light join at the same time, they originate a
non-chromatic light or white light, in which the colours are not visible while sepa-
rate entities.

It is from this evidence that the colours of the light are called Additive Colours.
One of the ways to obtain colour sensations is called additive synthesis.

When grouped in pairs, these colours originate additive secondary colours:

Yellow (red+green); Cyan (blue+green); Magenta (red+biue).

The primary and secondary colours of light and pigment oppose or reciprocate
one another because they have two different dimensions (additive and subtractive)

of the same phenomenon: the visible light.

The primary colours of light are red, green and blue. They are the reds thattend to

orange, the green which is symmetric to it and, the blue, which is called, usually,

purple blue.

These colours, when mixed in different proportions, while light, produce all the

other colours and, when mixed in nearly the same proportions they originate a

white light or lack of colour.

Luminous beams of different colours, projected on a screen, compose a different

and lighter colour. ltis, therefore, impossible for the human eye to distinguish the

component colours. Sightis not analytical.
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In the additive synthesis, the different wavelength radiations are added.
That simultaneous stimulus will produce a more and more closed sensation to
white light, whichever the bigger of the overput radiations the number is.

The obtained colour will always be the lighter of the component colours. The pos-
sibilities of obtaining colours by additive mixture must be correctly manipulated,

bearing in mind the public streets, squares, buildings and monuments lightning.

Fig 2.2 Additive colours (Grandis 1986)

2.3.3 Partitive System: Optical Colour

The experiment of three primary lights’ projection against a white surface, in order
to obtain the chromatic synthesis, could also be obtained using the Maxwell Disc.
If in the same rotating disc three colours were putas painted surfaces, and if the
disc should rotate more than 50 revolutions per second, the reflected light from
various coloured surfaces would create white.

On one hand, this technique allows the appreciation of a subtle distinction be-
tween additive colours and visual colours and, on the other hand, it shows the not
so subtle distinction between additive colours and subtractive ones.

The principle of visual mixtures or the reason why one sees, for example, ma-
genta, or purple red when these colours are put on the disc in identical sections,
means that the red and primary blues (of light) don’t come out from the fusion of
reflected light on the disc but from the incapacity of the retina receptors to react

quickly enough to all the individual chromatic stimuli.
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The chromatic sensations of magenta persist like “afterimages”or persistentim-
ages during various periods of time, according to the colour intensity.

A similar reaction to the one described before happens when any two colours join
together shanng such a small surface, it being impossible to perceive them sepa-
rately (Loucdo 1993b).

Colour obtained by optical mixture is a visual impression, which has the medium

values of hue, value and intensity, of the mixed compqnents.

So, the three optical primary colours are the primary ones of light.
Itwas Kandinsky (1975) who déclared that colour without limits, colour as infinite,
is only an act fromi the mind, because the entire colour of the surface suggests a

sense which occurs from the spatial dynamics itself.

If the question of primary colours resume itself to the search for colours, which by
mixture produces all the others, and if the mixture of light accomplishes this, it is

obvious that the true colours are three: red, green and blue.

If one accepts that the primary colours are the ones which by mixing together
create all the others so, neither the magenta nor the cyan couldn't be primary
colours at any time because they are notindivisble or pure.

The constituent colours of magenta are red and blue, and of cyan are biue and green.
Some declare to have seen yellow and blue when one observes the green and,
therefore, the yellowwould also be a primary colour of pigment.

The green and purple are stable when seen from the chemistry point of view.

The primary colours of pigment would then be five.

s there a reason for the colour purple not to be considered pure, merely because

it is not present on the visible spectrum? SR
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William Charles Libby (1974) declares the existence of 5 elementary chromatic
colours, and defends them as having their intrinsic structural relations as basis.
Whatis not apparent:

“... When these colours and the intermediate one, put themselves systematically
in the chromatic circle, one discovers that the intermediate one is complementary

to one of the primary colours. And one easily understands that without this internal

order, the chromatic circle doesn’t have any sense...”

2.4 Colour Temperature

With regard to Colour Temperature, there are four types of colours:

Hot colours, Cold colours, Neutral colours and Achromatic colours.

2.4.1 Hot Colours

Dark colours, because they absorb a higher percentage of incident light, are hot-

ter than the lighter colours.

This means thatunder the same lighting a dark red surface is probably hotter than
a lightred one, and that the temperature of any colour is determined by its value.
The scale of natural chromatic temperatures organises itself in the following way.
1. red
2. reddish yellow (orange)
3. yellow

. blue

4

5. purple blue
6. purple

/. white

The electronic sensors which measure the reflected heat on surfaces prove that,

under the same circumstances, the red surfaces and the reddish yellowones are

hotter than, for example, the green or blue surfaces.
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2.4.2 Cold Colours

The existence of hot hues implies the existence of cold hues.

2.4.3 Neutral Colours

The separation of hues in groups of hotand cold is only an emotional and asso-
ciative consensus.

Yet, like many other conclusions obtained by “collective intuition®, it seems to be
more rational that it looks and, its supported in the classical chromatic circle.
But, before one looks to the way the hot and cold colours are displayed there, one

has to consider for a moment the two hues, which by consensus, are neutrals.

They are the green and purple elementary hue, in which neither the hot (red or
yellow) or cold current (blue) is present.

They alsoremain more unchangeable in the space, producing less tension in com-
parison with, for example, the red, which apparently comes forward, or the blue,
which goes back, in accordance to the observer.

The facility to migrate from the hot to the cold and its spatial stability are in the

origin of the visual comfort they cause and in its shining under different lighting.

2.4.4 Achromatic colours

“Colours without hue: black, white and neutral grey” (Lancaster 1996a).

The colours of each complementary pair neutralise themselves by mixing only
when they have the exact tonality and the exact saturation, which is, when they
have the same intensity (in relation to the respective hues) and the same degree
of colour density.

As it is very difficult to establish precisely this combination of relationships, it is
also difficult to reach the achromatic result. The shade of greyis notimportant just

by itself, as colour, but as a demonstration that the colours of the pair are in equi-

librium.
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When the eye observes a colour the appearance of its complementary one is

instantly stimulated; while when the greyis observed the eye is in equilibrium.

In the context of colour temperature, the Swedish studies support the traditional
belief thatred appears warm and blue cold, except that a blue-red was judged as

being as visually cool as the blues and blue-greens (Lancaster 1996a).

2.5 Pigments

The pigments can be divided in two categories, according to their provenance:

Naturals and Artificials or Synthetics.

Natural pigmeqté can be Organic or Inorganic, according to whether they are of

animal, yegetablé or mineral origin.
Each pigment has to show the following requisites:

e Notreacting with the light or any other liquids with which it could be mixed.
e Resistance againstatmospheric agents, heat and chemical agents.

e TJohave agood covering power and intensity of colour.

2.6 The Chromatic Circle

For the production of a continuous band of natural hues, the necessity arises to
use an expressive form, which would be in this case a polygonal shape. Thisis
because, if the spectral band was elastic, when the ends were joined together this
band would assume a form of an exhagonon, with each fundamental hue occupy-
Ing each angle of the figure.

Of course, with the addition of the intermediary hues the form would get closer to
the circle.

It allows for the visualisation of hues, a fixed and natural distribution, besides al-
lowing the measuring of contrasts.

Through the use of chromatic circles, the contrast of hues can relate to distance,

because when the dominant hues of spectrum, including purple, distribute them-

selves with the same distance in a circular model, itis clearly seen thatthe hues

with more contrast are in a distance diametrically opposed.
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Fig 2.3 Moses Harris' chart of colours:
the very first one (1766) (Birren 1991)

To give each colour its correct position, the circle sub-divides itself in sectors,

alternating primary and secondary colours.

2.6.1 Newton'’s Circle

Newton created the first colour circle and invented a convenient format for the
first of the three attributes or dimensions of colour - hue.

Newton’s circle has 7 colours, the same amount as the musical notes of a diatonic
scale and the sphere of the planets.

The colours organise themselves the following way:

Red (C note)

Orange (D note)

Yellow (E note)

Blue (G note)

Indigo (A note)

Violet (B note)

In this circle the dimension of each sector corresponds to the extension of the
respective colourin the spectrum.

Itis, therefore, a circle, which tries to systematise the colours according to Add/-

tive Colour.
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Fig 2.4 Isaac Newton's colour circle (Porter 1997)

2.6.2 Goethe’s Circle

Goethe organised the colours in a circle and in a triangle.
6 colours compose the circle:

Red (R)

Orange (O)

Yellow (Y)

Green (G)

Blur (B)

Purple (P)

They are pigmentary or subtractive colours.

Fig 2.5 Goethe's colour circle (Birren 1969)
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2.6.3 Chevreul’s Circle

Chevreul also based himself on subtractive primary colours or the pigment, using
yellow, red and blue for his circle. Yet, more than the circle, it was determinant for
the systems’ history, the theory of harmonies in “De la Loi du Contrast simultanée

des couleurs” (Chevreul 1967).

Fig 2.6 Chevreul's colour circle (Chevreul 1967)

2.6.4 Wilhelm von Bezold’s Circle

Von Bezold's circle is part of the whole of the statements in his book “The Theory
Color” (Lougao 1993b).

The characteristic of this circle is that it has a central triangle, directed to the red
(vermilion), the green and the violet blue. Besides this, itis constituted by 12 col-
ours located in the external circumference, separated by the criteria of “apparent
difference”. This circle, which also has the primary colours of light, searches clearly

for a systematisation of perceptive colour (Lougédo 1993b).

Fig 2.7 Wilhelm von Bezold's colour circle (Birren1969)

42



Colour

2.6.5 Ewald Hering'’s Circle
Ewald Hering's circle presented, for the firsttime, the 4 colours, which were con-

ventionally, called psychological primary ones, after adopted by Ostwald:
Red

Yellow
Green

Blue

The circle was constructed by the principle that the eye responds first to red, yel-
low, green and blue and, only after that does it respond to the remaining colours.

The 4 fundamental colours, white and black, assume an essential role in the visual

universe, the role of essential colours in the optical mixture.

QA

Fig 2.8 Ewald Hering's colour circle (Birren 1969)

.2.6.6 Munsell’s Circle

Munsell's circle adopts the primary colours of light as fundamentals, as they are
visible in nature. If three equidistant points are obtained, starting on the green, the
remaining two points will touch the red, which has a small amount of yellow (ver-

milion), and the purple blue.

This circle of 10 colours has 5 principal colours and 5 intermediary ones.
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Fig 2.9 Munsell's colour circle
(Munsell 1976)

2.6.7 Ostwald’s Circle

Ostwald’s circle derives from the theories of Ewald Hering.

The fundamental colours of this circle are:
Red

Yellow

Green (sea green)

Blue (ultramarine blue)

in the quality of psychological primary ones.

The intermediary ones are orange, leaf green, turquoise and purple (Geritsen 1976)

Fig 2.10 Ostwald’s colour circle
(Birren 1991)

2.6.8 Johannes Itten’s Circle

Itten’s model was clearly influenced by Runge’s sphere, which Itten represented
by planning it out.

As well as Runge, ltten uses the three primary subtractive colours, which he puts in

an equilateral triangle in the centre of the circle. This central triangle, together with

the others, occupied by the secondary colours, rebuilds the hexagon. - -~
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The colours in the circle, which circumscribe the hexagon, are the primary and
secondary ones of the hexagon, and the tertiary ones resulting from the mixture.

This circle organises the colours in such a way that they are visually equidistant

(Itten 1961).

Fig 2.11 Itten’s chromatic circle in twelve parts
(Itten 1961)

2.6.9 Paul Klee’s Circle

Paul Klee also adopted the primary colours of the pigment or subtractive ones, as

primary colours: yellow, blue and red, which were on the vertices of the equilateral

triangle inscribed in the circle.

He also produced another model, which he called Canon of the Totality, where

the three primary colours, in constant movement, originate all the remaining ones

(Klee 1961).

Fig 2.12 Paul Klee's colour circle Fig 2.13 Paul Klee's totally canone
(Klee 1961) (Klee 1961)
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2.6.10 Faber Birren’s Circle

From the analyses of various chromatic circles, Birren constructed a circle,

which he called the Rational Chromatic Circle.

The circle, constructed from primary psychological colours, yellow (Y), red (R),

green (G) and blue (B), has grey as the synthesis colour of the optical mixture

putting it as a deviation fromits interior.

He presents as secondary colours orange (O), leaf-green (L), turquoise blue (T)
and violet (V) (Birren 1969).

Fig 2.14 Faber Birren's colour circle
(Birren 1969)

2.7 The Triangle

There are other bi-dimensional models which are not circles, such as:
* Tobias Mayer’s bi-dimensional triangle - 1745

 Maxwel's Triangle - 1872

2.8 Tri-dimensional Models

There are also important tri-dimensional models for the colour study, such as:
 Philippe Otto Runge’s sphere of colours - 1810 :

Later used by ltten, this sphere has:

The white on the higher pole.

The black onthe lower pole.

On the surface of the higher hemisphere it has the colours which have been light-

ened by the addition of white.
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On the surface of the lower pole, it has the colours darkened by the addition of black.

On the equator one finds the pure colours.

In the interior of the sphere one finds the darkened colours.

Fig 2.15 Otto Runge's sphere of colours
(Itten 1961)

* Chevreul’'s solid - 1861

* Munsell’s solid - 1915

» Ostwald’s solid - 1917

« Hickethier’'s Cube - 1940

* C.I.LE.’striangle — 1953 (Loucao 1993b).

2.9 Monochromatic Systems
When working with colour, it is important that individuals can accurately communi-
cate their specific colour requirements, such that any colour can be reproduced in

any given situation. Unfortunately there is no world-wide standard notation, and

many different models have been developed.

As already referred to in the first chapter, there are some colour systems which

are very important for the study of colour fundamentals.
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2.9.1 Munsell’s System

There are many models, each of them performing the same function, but the sys-
tem in most widespread use is Munsell’'s system.

Munsell implemented a nomenclature system, which wanted to get closer to the
system of musical notes, without success.

Itis true that sounds varyin pitch, intensity and duration and, that colours also vary
in three different ways. Itis also true that colours as well as sounds vary sepa-
rately in each one of these three modes.

Munsell saw each colour as a tri-dimensional construction and he concluded that
for this reason, each colour could be set in a geometrical form, occupying an

exclusive position.

- — -

Fig 2.16 Munsell's colour chart (Munsell 1976)

Munsell considered three variables in colour:
Hue
Value

Chroma

When explaining his system, Munsell denominates Hue, Value and Chroma as
the dimensions of colour. He organises in his system the classification of each
hue, with a number which is particular to it, to indicate the tone’s weight and two

letters to indicate the colour, e.g.: R —red, BR — blue + red, and two numbers

separated by a dash to indicate the value and the intensity (Munsell 1976).
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2.9.1.1 Munsell’s solid

Munsell's solid seems to have appeared from a necessity to correlate the basic
scales of measuring the hue, the value and the chroma of a colour.

The essential structure of this solid is a vertical scale of values with 9 regular
gradients between the black and the white.

At the level of each gradation, a horizontal disc has to be visualised; in the centre
of this horizontal disc are 10 hues, spaced regularly and in natural order, in other
words in its maximum intensity.

Besides this, each hue is radial and, as they expand themselves centrifugal, they
are also graduated showing the increasing of intensity.

The solid is ready to work when the beam of a certain hue is in the same vertical plan.
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In order to find the exact and only position of each colour one has to move the solid
to the correct level of value, to move sideways and along the beam, to find the

correcthue and to continue until reaching the correct intensity (chroma) (Munsell
1976).

2.9.2 Ostwald’s System

Ostwald’s system is a double cone or circle of light, which comprises a vertical

axis representing the scale of greys from whrte to black, and the central section or

equator conshtutes 1119 baS|_s of two conesi'where the chromahc circle is.
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These full colours are complementary.

The scale of greys, through its central position, divide each lozenge in two equilat-

eral triangles, making a connection of the three vertices according to the pure
colour, the white and the black.

In Ostwal’s system, the three dimensions of colour are:
Tonality (hue)

Luminosity (value)

Saturation (intensity)

1.0

Ky 05

Fig 2.21 Ostwald’s solid of colours Fig 2.22 Magenta colour represented in the~
(Birren 1969) Ostwald's colour system (Birren 1969)
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In Ostwald’s system, the three variables of colour are represented by a number

and two letters.

The digit corresponds to the number of the colour in the chromatic circle, from one
to yellow, until 24, for greenish yellow and, simultaneously he adjusts the number
of triangles that vary for each shade.

The first letter indicates the content of white and, the second one the content of

black (Loucao 1993b).
P <&
Fig 2.23 Ostwald’s system nucleus with a vertical Fig 2.24 Vertical section of the Ostwald’s solid
series of six grey (Grandis 1986) (Grandis 1986)

2.9.3 Hickethier’s System

To define a colour, separating it into its various elements, or imitating in the most
precise way, a given colour has to be described.

The question is to analyse this colour, to have its colouring substances in detail, in
order to establish a recipe from which each colour might be fabricated.

Itis upon these presuppositions that the system is based.

1000 colours constitute this system’s cube.
Hickethier considers that each colour, which can only be clearly represented through

a tri-dimensional structure, “a volume” as he says, only admits three possible al-

terations.

To know:

Gradation of darkening (degres de rembrunissement)
Gradation of tonality (degrés de tonalité)

Gradation of saturation (degrés de saturation).
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Yellow
Red (magenta)
Blue (cyan)

2.9.4 C.I.E.’s Triangle
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Fig 2.25 Hickethier's solid of colours
(Grandis 1986)

All the remaining colours are obtained by mixing the primary colours.

longs to the group of systems of tri-chromatic colour (Monzéglio 1972).

wavelength of a given colour, as well as its grade of saturation.

the chromatic phenomenon.

by mixing three primary colours with a given proportion.

use of the three monochromatic colours: red, green and blue.

Colour

This system adopts three colours as its basis, the three subtractive primary ones:

This system, which allows a mathematically exact specification of one colour, be-

C.L.LE.’s triangle appeared in 1931 as a system of immediate identification of the

In that same year, the “Commission Internationale d’ Eclairage”recommended a

system for the numerical definition of colours based only on the physical nature of

The system, denominated C.I.E. 1931 Standard Calorimetric System, is based in

one of the basic laws of the Tri-chromatic Theory, in which a colour can be created

The system derived from the R.G.B. calorimetric system; a system based on the
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However, the use of a chromatic diagram presented some disadvantages, the
biggest being that chromatic spacing was not uniform, thus the identical spaces
In the abciss didn’t correspond to identical chromatic differences. Therefore, in
1960 the C.I.LE. recommended a new chromatic diagram, the U.C.S. diagram,

where the chromatic scale is uniform.

Fig 2.26 Bi-dimensional diagram of the CIE's
triangle (Prado 1961)

This bi-dimensional diagram represents the spectral colours and in its interior
there are non-spectral colours.

Organised according to the Cartesian system, the coordinates (X, Y) allow the
location of any colour that comes from the mixture of two or more colours.

The colours are more or less saturated regarding the position they occupy on the

external limit of the triangle, according to its wavelengths, which go from 400
milimicrons to 700 milimicrons.

In conclusion, the C.I.E. Triangle makes it possible to specify the chromaticity of a
colour and, consequently, its purity and saturation, the equivalent to the Hue and
Chroma of Munsell’s System.

"All systems of colour have a fundamental failure: they consider the chromatic
phenomenon like something isolated and they take conclusions more or less

elaborated from there. The coloured cards illustrate the basic laws of the

chromatic spectrum.

However, in reality (and the reality refers to the materialisation, because itis there

that the decisive factors synthesise themselves) these factors are not present in

the coloured cards.
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The relation between colour and form, the relation between areas of colour of
various dimensions and, finally, the relationship between one colour and another,

is not a chain of factors taken into consideration by any ordering system “(Lougao
1993b).

2.9.5 NCS - The Natural Colour System

For environmental proposes the inevitable confusion between colours and the
descriptions, terminology and systems applied to them in different contexts has to
some extent been resolved by the Natural Colour System (NCS) , developed in
Sweden, which depends particularly on the fundamental ways of perceiving and
of u‘sing;ggl}our, in the environment. This system is one of the more recent
Iahdmafii%df coiqur research, based entirely on human perception of colours.
This: récfd@‘niseé the importance of the achromatic colours black and white,
together with yellow, red, blue and green as elementary colours. Black, white and
green are included because the system is based not on how colours are mixed,
but on how they are perceived. The colour solid adopted for this system is a
double cone with the polar axis extending from white to black, crossed in the
middle by blue-yeliow and red-green axes.

NCS in some respects corresponds to “the Munsell Renotation”, being the two
systems compatible by means of a translation key.

The NCS has been adapted by ICl in Britain and used as a basis for a wide range of
colour products. The Colours Dimensions Assodciation draws on these (Lancaster 1996a).
This system is accepted as the national standard in many countries and has

become popular among colour practitioners all over the world.

W
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Fig 2.27 The Natural Colour System (NCS): colour circle; colour figure; colour triangle (Lancaster 1996)
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2.10 Colour, as an element of the visual space

“The visual system is adapted to obtaining a maximum of information with a mini-
mum of effort: that which is notimmediately required, or can be taken for granted,
can be considered redundant; the eye has evolved to see the world in unchanging

colour, regardless of the always unpredictable, shifting and uneven illumination”
(Lancaster 1996Db).

Colour belongs to the visual message structure and takes part in its language, in
the communicational process. Colourlanguage diverts from the physic process
of light energy, which transforms itself in a visual perceptive process in a way to
carry outthe Qéfﬁmunicaﬁon. Every visual message depends on the light physic

stimulus, therefore, every visual message is also chromatic.

While the space of geometric characters is detectable by several of the senses,

colour is detectable only by sight.

S0, the space defined as space of light and colouris only detectable by this sense
of sight.

This issue reassures the importance of considering the visual space because, while
the sensations produced by other senses are only related to distances and geomet-

ric characters, those produced by sight, add to these the sensations of light and

colour.

2.10.1 Neurophysiological Component

Analyses the neurophysiological mechanisms of perception.

2.10.1.1 From the Eye to the Brain

A substantial quantity of visual information treatment occurs in the eye, butthe factis
thatan even bigger quantity occurs after the nervous signals have left the eye.
Itis in the brain that the visual stimuli are elaborated and associated in underlying

structures to the basic mental functioning. Although much information about the
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external reality comes from the sense of vision, the answer to its profitability is in
the brain.

“For the purpose of colour perception, the opponent-process theory postulates a
differentiating light receptor system. Cones, the light receptor cells in the eye
responsible for colour vision, are characterised as three types, as variously sensi-
tive to shortwave, middle wave, and long wave radiation (roughly blue, green, and
red). With higher level, or post-receptoral, cells of the visual system, differentia-
tion (rather than mixture) of the neural output of various cones determines our
colour response” (Simpson 1991).

Colour may be defined as the whole of the sensations produced in the brain, as a

result of light waves that reach the eye retina.

2.10.1.2 Optical routes

The movement of visual signs to parts of the brain goes through what is called
optical routes. The ganglionaries cells in the retina receive the visual information
which arrives from the cones and nervous cells and pass it along to the optic
nerves, converging atthe optic chiasma. Here the images are organised in such
a way that information which either one or both eyes see in the leftfield of vision
travels to the left half of the brain, and information which either eye sees in the right

field of vision travels to the right side of the brain (Fig 2.28).
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Fig 2.28 Visual pathways (Rowling 1997)
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There are still many doubts regarding the way the transformation of visual signals
are operated from the eye, to the vision perception in the brain. Whatis already

known is that the process is more complex and subtler than a simple chain of

connections.

After this quick trip through the optical routes, it can be confirmed as conclusion that
chromatic vision occurs when the light, after crossing many routes reaches the
photosensible elements of the retina. There it starts a complex series of biochemical
processes, which fransform the energy radiating from the various wavelengths in nervous
impulses. Afterwards, these impulses reach visual centres in the brain where after
being analysed, are keptas memory.

However, at th‘é-, same time as it receives the visual impulses the brain also
receives infbnnaﬁon arriving from sensorial organs. When the stimulireach the
correspondent sensorial organ, they produce specific registrations in certain
areas of the brain.

This fact seems to justify some chromatic associations to odours (sweet colours,
bitter...), to sounds (metal colours, silence colours...), to sensations of touch (vel-

vet colours, dry colours...) and also to names, to the written or spoken language,

because the various memories are temporarily and intrinsically connected
(Monzéglio 1979).

2.10.1.3 Visual perception and Memory

The human being has various types of memory which correspond to various brain
locations.

It is supposed that memories of specific functions, with locations more or less

identified, correspond to the cortical location.

Even though both sides of the brain are involved in mental functions, it is know that

each side has its specific functions.

Although with the danger of oversimplifying, itis possible to confirm that the left
side is more related to the logical thinking and speech, while the right side is more

Involved with the spatial relations and answers of artistic type.
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V4 zone

Fig 2.29 Brain image showing the V4 zone -
brain centre of the colour vision
(Zeky 1990)

The discoveries of Zeki came to demonstrate the presence of multiple functional

subdivision in the visual areas and, consequently the alteration of the vision con-

cept as a function (Monzéglio 1978).

The chromatic vision results from a very complex process, in which the nervous
system makes a comparison of lightintensity in various wavelengths, through spe-
cific interactions, which are known to be different from the ones needed to pro-

duce the perception of other properties of the visual universe.

It is known that people only see colour when the light and the chromatic signals
which arrive from the eye reach the brain. Visible light is only a small part of the
electromagnetic spectrum. A great number of authors place the visible spectrum
between 350 and 760 Nm (Nm = nonometrus =10 metres) or between 400 and

700 Nm. Blues are near 436 Nm; greens are near 546 Nm and reds near 700
Nm.

The evocation implies a transcription of languages, which should be understood
under a different perspective.

However, if an act of communication is established between the brain centre and
another centre through a code, one can confirm that people are in the presence of

an act of language.

The existence of communication is a neurophisiological data (Monzéglio 1979).
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2.10.2 Psychological Component

In order for the perception of an unknown thing to occur, not just resuming the mere
sensorial impression, fhe_ archive of known items, which are likely to evoke some

similarity with the recently known, is activated.

Going back to the colours, it is obvious that each person identifies differences

between colours from hls own chromatlc memory, which also depends on emo-
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controls psychological reaction is \}irttlally unknown. A neuroscience continuum
has been proposed by Graham (1997) to outline the large knowledge gap in medi-
cal theory, as well as between networks and the neurology of psychology. Whatis
known is that the psychological reactions originated from the limbic system within

the cortex of the brain, and are the subject of much current research.

CELL BIOPHYSICS NEUTRAL NETWORKS
MICRO STRUCTURE

CELL BIOLOGY PSYCHOLOGY

Fig 2.30 Continuum of Neuroscience Knowledge (Graham 1997)

Iitis the purpose of this research to develop the study of colour, in a way to demon-
strate the characteristics that allow the perception of space, not only in its own
structured qualities of light and chroma, but also in the links they maintain with the

geometric qualities of space, reinforcing its perception.
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Based on that purpose it's important to analyse the colour, through:
» The physical characteristics sensible to eyesight.
* The physical - physiological characteristics which are determi
nants of the chromatic sensations.

* The psycho-physiological characteristics in the constitution of the

chromatic visual area.

* The phenomena of the chromatic contrast in the different colours

relations.

2.11 Physical Characteristics of Colour Sensible to Sight

Colouris light, which means that without the source of light we wouldn’tbe able to
understand mecx;loum

“The phmorrieh&?ri‘_of colour vision includes the ability not only to discriminate be-
tween different colours, but to respond to them as a means of conveying informa-

tion, stimulating emotions and practising deception®(Lancaster 1996b).

“Without the sun, or generally speaking, without a light source, we wouldn't have

light and the eye would be, consequently, condemned to inactivity” (Bouma 1947).

Every light changes in form and in colour, which people is able to see, are percepted
as combinations spectrally different of light energy.

Light can be described as an electromagnetic energy type which propagates it-
self through waves, similar to radio, TV, heat, and X-ray waves, that spread, con-
centrate, interact, one with the other, and react to obstacles. It can alsobe defined
as a form of matter, because it is constituted by particles - the photons - which

form currents. ltis, therefore, energy and matfter.

The most ordinary light source - sun light, a natural source - issues the white light
from which the radiations of the chromatic spectrum are originated and from which,

to a certain degree, people are able to understand. e

60



Colour

There are other light sources, natural or produced by man, which present different

characteristics of the sun’s light, creating therefore other areas of perceptible

radiations.

As an example, sodium light, mercurylight and the light known as incandescent.

Considering thatnowadays environments are constantly subjected to artificial lights
itis necessary to analyse colour from its natural structure (especially because in
this study the investigation is dealing with colour in exteriors) which is the one that
originally touches people visual reception, because, as people are also natural

beings, people are physiologically conditioned to the natural environment.

Themé‘rij:pry method developed by Helson, Judd and Warren in 1952 (Rico et al
1995), shows thatan observer has to be trained for an eight hour period in a way
to be able to perfectly situate approximately 20 examples in any colour scale ( for
example, the Munsell scale ), defining with precision their hue, value and chroma,
étthe day light.

Figure 2.31 shows an example of this, in which each arrow starts from hue and

chroma under day light, and ends under another light source (Rico 1995).

Fig 2.31 Changes in hue and chroma, when the light
source passes from C to A (Rico 1995)

The object of this study is the interaction between colour and space and the

definition of structural similarities between both, which from the perception are

constants that interact in the constitution of the unity of visual Iangbage.
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The studyis concentrated on colour derived from the natural source of the sun, so

that similarities of basic information can be determined.

As a component of light structure, colour is defined in its physical characteristics
as sensitive to sight, according to its own light energy constitution.

Because of these characteristics, the stimuli that interactin the chromatic percep-

tion are discriminated in accordance with:
* Lightintensity
* Colour quality (spectral)

* Colour intensity

These three different kinds of stimuli are sensible within each range of values.
Through those ranges, the limits and chromatic perceptive boundings are defined.
So, within the strict sense of differential perception (which in a basic and easier
way gives people the space notion, i.e. the comparative action between a mini-
mum of two values that defines a contrast), analysing the colour from the physical
stimuli, one can build in this structural level, the idea of space through colour.

This idea is attached not only to the fact we have three different chromatic stimuli
and, consequently, creating among themselves the perceptive differences, but
also to the fact that there exist in each of them boundaries and perceptive levels,

originating differences which increase in number and species.

The firstnotion of space one can have in terms of colour is the one of differential
contentorder.

Sightis able to capture the stimuli from energy/light and to select attributes which,
in a wider scale, total a number of three.

S0, the first notion of space through colour presents a triad constitution which is
repeated in the differential sensations, through the relations among the three at-
tributes facing two to two (from 1to 2, from 2to 3, from 3 to 1).

If colour is analysed in each one of the three structural attributes it gives the notion
of space in three different ways and in functions of perceptive limits and bounda-

ries, the dimensions of which are as follows:
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2.11.1 Value (light intensity)

Value, is the distinction between any colour and a lighter or a darker one
(Munsell 1976).

According to Munsell, Value expresses itself in higher or lower value.

The value scale of the fundamental colour is the following:

Yellow, Orange, Magenta and Green, Cyan, Violet.

Goethe (1989) gives a value of 10 to white and 0 to black, conferring respectively:
9, yellow; 8, orange; 6, magenta; 6, green; 4, cyan; 3, violet.
From this scale of values one can infer that the pairs of complementaries with

higher value of contrast are:

Yellow-Violet (9-3) followed by the pair of Orange-Cyan (8-4) and, finally, the pair
of Magenta-Green (6-6).

0§ . X

Fig 2.32 Value: Heimholitz - Kohirausch
(Rico 1995)

The values change within measures of physical and photometrical nature. In the
case of colour, and as used in visual languages applied to environment, or to art

and to communication, the values are presented in percentages of reflection, cor-

responding to:

« Sensibility boundary =0%

« Saturation boundary = 100%

o Differential boundary = variable between 1 and 2% (the data on differential

boundary are relative and depend on specific conditions of the source nature of

the stimuli and the receiver.) S,
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Indicating another kind of measurementrelated to the light flows from a light source,

as an example, the values are in “light quanta”, correspond approximately to:

* Sensibility boundary =10 °lumens

» Saturation boundary = 10"4 lumens

« Differential boundary = variable between 5 and 10% of variations regarding that
“the spectrum of illuminations generally used by people in their reactions is ex-
tended between some lumens and some thousand lumens with a differential bound-

ary in the percentage mentioned above” (Moles1971).

In this case, space is felt in terms of colour, through a differential content of light

quantity, which is the result of the comparative action between brightness and
darkness.

2.11.2 Hue (Shade quality)

“Hue is that quality which is commonly accepted as colour in defining its redness,

blueness and yellowness” (Porter 1993).

For Munsell (1976) hue is a universal variable present in all colours. Hue is a
variable, which informs one to which particular class one colour belongs.

And the classes are:

Red, Yellow, Green, Blue and Violet.

To these classes can be added hybrid classes such as the reddish-yellow, green-
iIsh-yellow, violet bluish and the violet reddish.

Tidying up these hues in an ordering and circular sequence can establish rela-
tionships between them, relationships which are not normally visible and, which
produce a familiar and classical form, the chromatic circle.

However, the chromatic circle is a mere exercise if its intrinsic and natural relation

is not recognised with the visible spectral.
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The values are given by spectral positions, in wavelengths, which are measured

in milimicrons units (M /u) correspond to:
o sensibility boundary = 380 mu
e saturation boundary = 780 m)u

+ differential boundary = variable between 2 and 3 M, resulting in a wide ramp of

shades, between 130 and 300 sensitive variations.

In this structural aspect of colour, the main shade variations are defined, which are

placed in the sun spectrum and that are given through the following values (Prado 1961):

! 4 Luy e phel bIaCK
Sensibility boundary [ 380 M
o e AR violet
indigo
464 Mu
blue 500
m
green /u
578 yr
yellow
592 m/u
orange
620 m/u
red
Saturation Boundary [ 760 M
black

One should notice that in this case, in terms of colour, space is felt regarding the
differential content of quality of the light radiation, i.e. monochromatic radiations, and
itis defined by comparative action between one and another colouring.

Some authors compare the structural shade organisation of colour with the tonal or-
ganisation of sound.

As an example, in the analysis of information repositories, when giving the visual vari-
ables of sensorial stimulations, Abraham A. Moles (197 1) defines them, in the case of
spectral positions, as “corresponding to the eight level of sound and which differen-

tial boundary changes deeply with people (until 10.000 changes/tones, recog-
nised by trained people)”.
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Another example is found in the book “Color Fundamentals”by Maitland Graves
(1952), where light structure is compared to sound. He considers “the eye as a
specialised instrumenttrained to receive and respond only to waves of resplend-
ent energy of determined wave lengths; as well as the radio, which is directed to

receive and respond only to energy waves resplendent of determined lengths,
called radio waves”.

In an attempt to arrive closer to comparisons and correspondences he quotes:
“as well as the different colours which are produced by light waves of different
lengths, the sounds of different heights are produced by sound waves of different
lengths. In the same way, when a colour has exactly half of the wave length of
another, we can say that it is similarly, one eighth above, which means that the
violet light is one eighth above the red light...We know that the perceptive spec-

trum correspond and is included in a eighth”.

“Our ears can hear 11 eighths of sound, but our eyes can only see one eighth of
light® (Graves 1951).
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Fig 2.33 Lines with the same apparent hue
(Rico 1995)

2.11.3 Chroma (Shade Intensity)

Chroma, Intensity or Saturation implies the existence of hue and, is the distinc-
tion between one colour and another more or less saturated.

One can say that it describes the state of purity of one colour.

Contrary to hue and value, which can be visualised independently from one an-

other, the intensity cannotbe visualised other than in a variable of scale in which
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the hue is systematically affected. The lower level of saturation is obtained when
two complementary colours mix together in equal parts and, the higher level of

saturation is obtained when compact paint, commercially prepared, is applied in

its natural consistence, on a white surface (Loug¢ao 1993b).

The values are given by the purity dosage or by the colour vivacity corresponding
to its spectral position.

The levels of purity are expressed in percentages that correspond to:
 Sensibility boundary = 0% “chroma”

 Saturation boundary = 100% “chroma”

. Qifferenﬁal boundary = variable between 3% and 4% “chroma”

In: ﬁ\is’ case space is felt in terms of colour, in its differential content of shade

quanﬁ& andis aeﬁned by a comparative action between chromatic and achromatic.
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Fig 2.34 Curves of constant chroma
(Rico 1995)

2.12 The Physical-Physiological characteristics which are determinants

of the chromatic sensations

“The world without colours: it would be rather difficult to imagine a world without

colours, a world of white, grey and black shapes” (Sargent 1964).

“We use terms, such as pale-grey, olive-green, brick-red. We describe the col-

ours as pale, brilliant, expressive, strong or intense. But our descriptions of colour

are extremely indefinite.

M_
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In the communicative reality we hardly find achromatic atmospheres uniess they
are produced on purpose. Many of the languages which compose the environ-
ment can be achromatic, or tend to the neutral shades, but the complexities of
direct or reflected light radiations which get into the environment and their lan-
guages, come from several different shades, therefore, fulfilling the atmosphere
and the objects with such shade values.

Having as an example constructive materials applied to architecture and to the
city, if in the environment we consider spaces to which belong languages such as
concrete, reinforced concrete or asphailt, for all of them there is a chromatic defi-

nition, evenwhen it starts ina higher scale of neutral and grey values which is from

a visual structure of achromatic basis.

!

If we také‘gno;fjié[ example, strictly from the graphic communicative and environ-
mental ﬁeldwf;wh is the photo and the film in *black and white”: our visual sensa-
tions are conditioned to achromatic images and the stimulus of that species is
relevantand prevails aimost totally, even with the environmental incidence of other
shade radiations.

But it is a temporary condition, they are images that are visualised and pass; or
they compose constantly certain environmental spaces, but not totally. The height
of a tower can be expressed in inches and feet. The weight of an atom can be

given. So, why this uncertainty about colours? Is our general awareness on the

subject very low? How many colours are there?” (Wissing 1966).

People need colours for their environmental well-being. Colours are part of peo-
ple’s visual structure and they don’t represent an essential issue of communica-
tion and atmosphere except for the visually.

Then, in the natural order of sensations, colour is an element to be constantly
considered, whatever the aspects of visual and environmental communication are

and the languages which are their components.

Regarding the natural order of the chromatic sensations one should define clearly

the sense of colour. .
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In accordance with the space-chromatic analysis from the physical characteris-

tics sensitive to sight, the colour/space relationship is understood as dimensions

that comprehend several structural kinds.

The chromatic sensations follow those kinds and, in physiological terms, they adapt
themselves to different dimensions.

S0, the sense of colour is not only restricted to what is colourful, but it compre-
hends all the perceptive ability of the other dimensions. Then, also in the sense of
colour, the values of light intensity, or lightness, and the values of shade intensity,
or saturation, are considered.

Those three physical attributes, and of physiological correspondence in the sen-
sations, allow the idea of attributing the colour, as a sensitive element, notonly to
self and precise definitions in qualitative and quantitative characters, but also fo see.
But, and what is more important, those images are temporary and they represent

a reality, which is chromatic, and, by experience, one knows their shades and

variations.

So, one doesn’t need their colours in the total sense as one is informed of their
values inone’s memory.
Therefore, one can conclude that in the natural order of the sensations of colours,
two issues must be considered, which are components of people’s perceptive -
communicative structure:
* The direct sensations which are presentin the environmentand in the
messages that reach people, and
* The indirect sensations which are not present in the moment of observa-
tion, but still reach people, by a process of recovering the reality
previously visualised.
But, considering the issue that people build up their perceptive structure through
the experience of the knowledge of the reality, without which people wouldn’t have
any visual recovery by memory, people should therefore analyse the issues that

contribute by a direct incentive to the sensitive composition of colour/space

perception.
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2.13 The Psycho-Physiological characteristics in the constitution of the
Chromatic Visual area

When studying colour itis necessary to analyse its own physical structure, which
IS a contribution to the particular characteristic of the structure of the image in the

field and, consequently, influencing the limited ability of the visual space.

Psycho-physiologically, the chromatic visual area is structured, regarding:
* The physical qualities of the chromatic radiations which get to the retina.
* The physiological constitution of the retina, regarding the distribution of
neurones in its surface, as well as their physiological capacity, in the
behaviour of capture and selection of stimulus.
* The perceptive organisation of the psycho-physiological capacity in the

captured and selected stimulus.

Fig 2.35 The colour wheel (Porter 1997)

“Look carefully at the colour wheel on figure 2.35 . Focus on the white dot at the centre
and allow the surrounding colours to be completely absorbed by the eye. After about
a minute or so focusing intently at this figure, switch your gaze to the black dot below.

You should now experience an illusion of the colour wheel” (Porter 1997).
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“If you did, you experience a negative afterimage in which you saw colour where

none existed. This demonstration is important because it clearly illustrates that

the ultimate colour experience occurs notin the eye butin the brain. In other words,

the colours that we see do not exist on the surface of objects but are manufactured

in the mind’s eye. Our experience of colour is a subjective sensation conveyed by
the eye’s absorption of the different energies in different wavelengths of light ra-

diation within the visible spectrum However without an observer, Inght rays do
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-.'fﬂr{st'mie condiﬁ*oﬂo;euu!\’oer yvhich the shmulus is viewed for example
certain’ paint colours applied under tungsten light would appear very
different from the same oo|ours viewed in sunlight, as the two perceptions
respond to two different spectral energy distributions contained in each
light source.

» second, a colour perception depends on the spectral characteristics of
the stimulus, the ability or s substance to absorb, reflector ransmit light
red paint, for instance, appears as red because it has the property of
absorbing fromwhite light everything except the red component of the light.

» third, our ability to perceive colours, the sensitivity of our colour-registering

mechanism (the eye and the brain) to create a colour response” (Porter 1997).

People are aware that the most peripheral area of the retina hasn’t got the cones,

sensitive neurones to the coloured radiations and has only the sensitive neurones
to the light variations.

People aiso know thatthe central area is the one that has the skill to understand all
colours. There Is, obviously a relationship between the perception between space

and colour, depending on the visual field and the opposition between the achromatic
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and chromatic. This relationship determines the sensation of colour/space
regarding concentric areas which gradually are no longer sensitive to determined
chromatic radiations, according to the distance from the central area of the retina.
The areas of different perimeters of the visual fields, into different colours, are
defined in the following order, from the centre to the periphery area:

green, red, blue, yellow.

And they correspond, approximately, from the distance of the centre:

* green = 30°
cred= 40°
* blue= 50°
* yellow = 60°

In general, those measures are taken comparatively to the two groups of chro-
matic pairs:
green and yellow, and, blue and yeliow.

There remains the pair of the achromatic group black and white, whose perimeter
goes far behind the yellow area, to a perimeter of 70°.

By the chromatic visual field, colour/space structures the visualised image, in such
away as to give a brighter colour to the area which is coincident to the fixing point,
as the chromatic characteristics are also understood with higher visual accuracy.
Therefore the sensation of space, in the moment of the vision of the environment
Is captured by the co-ordination between the two visual perceptive skills, which
also in terms of visual field complete themselves in structural sensitive similari-
ties: space/light and colour in co-ordination with space/configuration and colour.
So, colour and space find signs of image structuration, to whose cologr IS rel-
evant, already in the psycho-physiological behaviour of the visualisation field

(Monzéglio 1979).

2.14 The phenomena of the chromatic contrast in the different colours relations
The phenomena of the chromatic contrast has been explored and applied by a

great number of artists, in their works and studies.
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As an example, Fernand Leger (1957), talking about colour in architecture, said:

“No colouris absolute. We are in a continuous relativity “.

Maitland Graves (1952), in his book “ Color Fundamentals *, orders the chro-

matic contrast in six perceptive principles, which in synthesis are:

1. Light colours enlarge the image dimension; dark colours reduce it

2. Colours over a ground seem to be darker and vice-versa.

3. Neutral colours acquire an opposite shade to the one of the ground
where they are placed.

4. Colours placed over grounds with similar shade, they modify the
hue which tends to the ground opposite shade.

5. Colours placed over similar grounds lose chroma; and colours
placed over opposite grounds gain chroma.

6. Dark colours placed over a white ground loose chroma; if they
are placed over a black ground, they gain chroma; the opposite

happens with light colours over the same white and black grounds.

These principles, as a whole, formulated by Graves, define the contrast, accord-
ing to the modifications in the perception of the physical reality, being the relation-
ship of colour and space influenced:

in the dimension of the images, in the lightness, in the chroma, and

in the hue of the shades ’Ehat compose them.

According to another author, Johanns Itten (1961), in his book “The Art of Color

% contrastis interpreted in seven different ways, which are considered essential

for the knowledge of the field of arts and of “design”.
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Types of chromatic contrasts, according to Itten:
1- of hue
2- of light/dark
3- between “hot” and “cold” shades
4- of complementary
5- of simultaneous
6- of chroma

7- of quality (extension) or area

Each one of these seven types of contrast, according to the analyses made by the
author, shows the influences in the colour/space language organisation, from the
structured perceptive level, to the communicational level, with variations in inten-
sity, in communication contexts, being messages intentions, being individuals’

cultural characters, or being factors of the individuals of psychological or social

Fig 2.36 Chromatic contrast of hue
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Fig 2.37 Chromatic contrast of light/dark Fig 2.38 Chromatic contrast between “hot”
and “cold” shades
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Fig 2.39 Chromatic contrast of complementary

Fig 2.40 Chromatic contrast
of simultaneous
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Fig 2.41 Chromatic contrast of Fig 2.42 Chromatic contrast of
chroma quality (extension) or
area

It's also important to refer to an author that developed exhaustive studies about
the chromatic contrast language, using it as a basis for the study of the arts, and
having created didactic principles which, even now, are used by the schools of
architecture and “design”. The author is Josef Albers (1963), and his study is

condensed in the book “Interaction of Color “.

The explanation of the importance of the chromatic contrast phenomenon is found

In the very psycho-physiological perception of colours.

There are people who find it more psychologic and there are others that find it

more physiologic, in the condition of capture of the stimulus by the neurones in the

retina and the consequent saturation of the radiations, provoking the perception
of the opposite radiations, in the search of an equilibrium of sensations. This
criteria was followed by Hering who based his study in his tri-chromatic theory of
the perception of the light stimulus: the basic understood shades originate the
others, completing the range of the sun spectrum (Monzéglio 1972).

For the visual language problems, whathas remained in all these investigations

was the understanding of the existence of opposite shades, which, by the law of

contrast, are opposite but also complete themselves.

Those shades receive the name of complementary colours. In the perceptive

organisation order, they mean colours thatin their whole have the three fundamen-

tals of the subtractive mixtures and are therefore complementary colours:
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-red and green - blue and orange - yellow and violet,
or

using the terminology of the subtractive mixtures:

- “magenta” and green - cyan and orange - yeliow and violet.
The notion of complementary colour, already indicated with this terminology, was
given by Chevreul in 1839 , before the middie of the XIX century, adopting the
phenomenon as a criteria of the colours classification. (Chevreul 1967)
The other authors, scientists and artists, who followed him, applied in one way or
another the “ Complementary Colour Theory *, even more for the provenfact of the
chromatic post-image formation after the fixation of the coloured shades.
By coincidence of the psycho-physiologic explanation, post-image is always of a

complementary colour of the one observed.

Chevreul's book “The Principles of Harmony and Contrast of Colours” (1967)
was outstanding for three main reasons: first it was practical, setting out the uses
of colour in every imaginable field from textiles to painting and from architecture to
horticulture; second, it dealt sensibly with the subject of colour harmonies; and
third, it provided explanations for such peculiarities as optical mixing and simulta-
neous confrast. Cheveul’'s explanation that orange sunlight produced violet shad-
ows offered invaluable guidance to the impressionist painters, providing an argu-
ment against those who were suspicious of the sensory approach to colour.

The use of colour harmony in painting or the buitt environment is founded on an
understanding of simultaneous and successive contrast and of the phenomena of

visual colour mixtures.

In the concept of a relationship between colour and space, the theory of the com-
plementary colour creates the idea of imaginary space possible of being con-
ceived in sequential instants of the image observation, i.e., post-image acting as

a continuation of the informative visual stimulus, in opposite values which try to

establish an equilibrium of the information itself.
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