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2.1 Introduction
Aesthetics falls within the scope of philosophy, physiology, and psychology. How then, you may ask,
can I as an engineer presume to express an opinion on aesthetics, an opinion which will seem to
experts to be that of a layman. Nevertheless, I am going to try.
For over 50 years I have been concerned with, and have read a great deal about, questions
concerning the aesthetic design of building projects and judgment of the aesthetic qualities of works
in areas of the performing arts. I have been disappointed by all but a few philosophical treatises on
aesthetics. I find the mental acrobatics of many philosophers — whether, for example, existence is
the existence of existing — difficult to follow. Philosophy is the love of Truth, but truth is elusive
and hard to pin down. Books by great building masters are full of observations and considerations
from which we can learn in the same way that we study modern natural scientists.
My ideas on aesthetics are based largely on my own observations, the results of years of questioning —
why do we find this beautiful or that ugly? — and on innumerable discussions with architects who also
were not content with the slogans and “isms” of the times, but tried to think critically and logically.
*Much of the material of this chapter was taken from Leonhardt, F., Bridges — Aesthetics and Design, Chapter 2: The
basics of aesthetics, OVA, Stuttgart, Germany, 1984, with permission.
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The question of aesthetics cannot be understood purely by critical reasoning. It reaches to
emotion, where logic and rationality lose their precision. Undaunted, I will personally address these
questions, so pertinent to all of us, as rationally as possible. I will confine myself to the aesthetics
of building works, of man-made objects, although from time to time a glance at the beauty of nature
as created by God may help us reinforce our findings.
I would beg you to pardon the deficiencies that have arisen because of my outside position as a
layman. This work is intended to encourage people to study questions of aesthetics using the
methods of the natural scientist (observation, experiment, analysis, hypothesis, theory) and to
restore the respect and value which it enjoyed in many cultures.

2.2 The Terms
The Greek word aisthetike means the science of sensory perception and very early on was attributed
to the perception of the beautiful. Here we will define it as follows:
Aesthetics: The science or study of the quality of beauty an object possesses, and communicates
to our perceptions through our senses (expression and impression according to Klages [1]).
Aesthetic: In relation to the qualities of beauty or its effects; aesthetic is not immediately beautiful
but includes the possibility of nonbeauty or ugliness. Aesthetic is not limited to forms , but includes
surroundings, light, shadows, and color.

2.3 Do Objects Have Aesthetic Qualities?
Two different opinions were expressed in old philosophical studies of aesthetics:
1. Beauty is not a quality of the objects themselves, but exists only in the imagination of the
observer and is dependent on the observer’s experience [2]. Smith said in his “Plea for
Aesthetics” [3], “Aesthetic value is not an inborn quality of things, but something lent by the
mind of the observer, an interpretation by understanding and feeling.” But how can we
interpret what does not exist? Some philosophers went so far as questioning the existence of
objects at all, saying they are only vibrating atoms, and everything we perceive is subjective
and only pictured by our sensory organs. This begs the question, then, is it possible to picture
the forms and colors of objects on film using a camera? These machines definitely have no
human sensory organs.
2. The second school of thought maintains that objects have qualities of beauty. Kant [4] in
his Critique of Pure Reason said, “Beauty is what is generally and without definition,
pleasing.” It is not immediately clear what is meant by “without definition,” perhaps without
explaining and grasping the qualities of beauty consciously. What is “generally pleasing”
must mean that the majority of observers “like” it. Paul [5] expressed similar thoughts in
his Vorschule der Aesthetik and remarked that Kant’s constraint “without definition” is
unnecessary. Thomas Aquinas (1225–1274) simply said, “A thing is beautiful if it pleases
when observed. Beauty consists of completeness, in suitable proportions, and in the luster
of colors.” At another time, Kant said that objects may arouse pleasure independent of their
purpose or usefulness. He discussed “disinterested pleasure,” a pleasure free from any
interest in objects: “When perceiving beauty, I have no interest in the existence of the
object.” This emphasizes the subjective aspect of aesthetic perception, but nonetheless bases
the origin of beauty in the object.
Is one right? Most would side with Kant and grant that all objects have aesthetic qualities, whether
we perceive them or not. Aesthetic value is transmitted by the object as a message or simulation
and its power to ourselves depends on how well we are tuned for reception. This example drawn
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from modern technology should be seen only as an aid to understanding. If a person is receptive
to transmissions of beauty, it then depends very largely on how sensitive and developed are the
person’s senses for aesthetic messages, whether the person has any feeling for quality at all. We will
look at this question more closely in Section 2.4.
On the other hand, Schmitz, in his Neue Phänomenologie [6], sees in this simple approach “one
of the worst original sins in the theory of cognition.” …This physiologism limits the information
for human perception to messages that reach the sensory organs and the brain in the form of
physical signals and are therefore metaphysically raised to consciousness in a strangely transformed shape.” We must see the relationships between the object and circumstances, associations,
and situations. More important is the situation and observer’s background and experience. The
observer is “affectively influenced,” [6] i.e., the effect depends on the health of the observer’s
senses, on the observer’s mood, on the observer’s mental condition; the observer will have different
perceptions when sad or happy. The observer’s background experience arouses concepts and facts
for which the observer is prepared subconsciously or which are suggested by the situation. Such
“protensions” [6] influence the effects of the object perceived, and include prejudices which are
held by most people and which are often a strong and permanent hindrance to objective cognition
and judgment. However, none of this phenomenology denies the existence of the aesthetic
qualities of objects.
Aesthetic quality is not limited to any particular fixed value by the characteristics of the object,
but varies within a range of values dependent on a variety of characteristics of the observer. Judgment
occurs in a process of communication. Bahrdt [7], the sociologist, said, “As a rule aesthetic judgment
takes place in a context of social situations in which the observers are currently operating. The
observers may be a group, a public audience, or individuals who may be part of a community or
public. The situation can arise at work together, during leisure time, or during a secluded break
from the rush of daily life. In each of these different situations the observer has a different perspective
and interpretation, and thus a different aesthetic experience [impression].”
Aesthetic characteristics are expressed not only by form, color, light, and shadow of the object,
but by the immediate surroundings of the object and thus are dependent on object environment.
This fact is well known to photographers who can make an object appear much more beautiful by
careful choice of light and backdrop. Often a photograph of a work of art radiates a stronger aesthetic
message than the object itself (if badly exhibited) in a gallery. With buildings, the effect is very
dependent on the weather, position of the sun, and on the foreground and background. It remains
undisputed that there is an infinite number and variety of objects (which all normal healthy human
beings find beautiful). Nature’s beauty is a most powerful source of health for humans, giving
credence to the suggestion that we have an inborn aesthetic sense.
The existence of aesthetic qualities in buildings is clearly demonstrated by the fact that there are
many buildings, groups of buildings, or civic areas which are so beautifully designed that they have
been admired by multitudes of people for centuries, and which today, despite our artless, materialistic attitudes to life, are still visited by thousands and still radiate vital power. We speak of classical
beauty. All cultures have such works, and people go to great lengths to preserve and protect them;
substantial assistance has come from all over the world to help preserve Venice, whose enchanting
beauty is so varied and persuasive.
We can also give negative evidence for the existence of aesthetic qualities in objects in our manmade environment. Think of the ugliness of city slums, or depressing monotonous apartment
blocks, or huge blocky concrete structures. These products of the “brutalist” school have provoked
waves of protest. This affront to our senses prompted the Swiss architect Rolf Keller to write his
widely read book Bauen als Umweltzerstörung [8].
All these observations and experiences point to the conclusion that objects have aesthetic qualities.
We must now look at the question of how humans receive and process these aesthetic messages.
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FIGURE 2.1

Wave diagrams for consonant and dissonant tones.

2.4 How Do Humans Perceive Aesthetic Values?
Humans as the receivers of aesthetic messages use all of their senses: they see with their eyes, hear
with their ears, feel by touch, and perceive temperature and radiation by sensors distributed in the
body, sensors for which there is no one name. Our sensory organs receive different waveforms,
wavelengths, and intensities. We read shapes by light rays, whose wavelengths give us information
about the colors of objects at the same time. The wavelength of visible light ranges from 400 µm
(violet) to 700 µm (red) (1 µm = 1 millionth of 1 mm). Our ears can hear frequencies from about
2 to 20,000 Hz.
The signals received are transmitted to the brain and there the aesthetic reaction occurs —
satisfaction, pleasure, enjoyment, disapproval, or disgust. In modern Gestalt psychology, Arnheim
[9] explained the processes of the brain as the creation of electrochemical charge fields which are
topologically similar to the observed object. If such a field is in equilibrium, the observer feels
aesthetic satisfaction, in other cases the observer may feel discomfort or even pain. Much research
needs to be done to verify such explanations of brain functions, but they do seem plausible. However,
for most of us we do not need to know brain functions exactly.
During the course of evolution, which we assume to have taken many millions of years, the eye
and ear have developed into refined sensory organs with varied reactions to different kinds of
waveforms. Special tone sequences can stimulate so much pleasure that we like to hear them —
they are consonant or in harmony with one another. If, however, the waveforms have no common
nodes (Figure 2.1) the result is dissonance or beats, which can be painful to our ear. Dissonances
are often used in music to create excitement or tension.
The positive or negative effects are a result not only of the charge fields in the brain, but the
anatomy of our ear, a complex structure of drum oscular bones, spiral cochlea, and basilar membrane. Whether we find tones pleasant or uncomfortable would seem to be physiological and thus
genetically conditioned. There are naturally individual differences in the sense of hearing, differences
which occur in all areas and in all forms of plant and animal life.
There are also pleasant and painful messages for the eye. The effects are partly dependent on the
condition of the eye, as, for example, when we emerge from a dark room into light. Color effects
of a physiological nature were described in much detail by Goethe in his color theory [10]. In the
following, we will discuss the effects of physical colors on the rested, healthy eye, and will not address
color effects caused by the refraction or reflection of light.
Some bright chemical colors cause painful reactions, but most colors occurring naturally seem
pleasant or beautiful. Again, the cause lies in waves. The monotonous waves of pure spectral colors
have a weak effect. The eye reacts more favorably to superimposed waves or to the interaction of
two separate colors, especially complementary colors.
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We feel that such combinations of complementary colors are harmonious, and speak of “color
harmony.” Great painters have given us many examples of color harmony, such as the blue and
yellow in the coat of Leonardo da Vinci’s Madonna of the Grotto .
We all know that colors can have different psychological effects: red spurs aggression; green and
blue have a calming effect. There are whole books devoted to color psychology and its influence on
human moods and attitudes.
We can assume that the eye’s aesthetic judgment is also physiologically and genetically controlled,
and that harmonic waveforms are perceived as more pleasant than dissonant ones. Our eyes sense
not only color but can form images of the three-dimensional, spatial characteristics of objects, which
is vital for judging the aesthetic effects of buildings. We react primarily to proportions of objects,
to the relationships between width and length and between width and height, or between these
dimensions and depth in space. The objects can have unbroken surfaces or be articulated. Illumination gives rise to an interplay of light and shadow, whose proportions are also important.
Here the question of whether there are genetic reasons for perceiving certain proportions as
beautiful or whether upbringing, education, or habit play a role cannot be answered as easily as for
those of acoustic tone and color. Let us first look at the role proportions play.

2.5 The Cultural Role of Proportions
Proportions exist not only between geometric lengths, but between the frequencies of musical tones
and colors. An interplay between harmonic proportions in music, color, and geometric dimensions
was discovered very early, and has preoccupied the thinkers of many different cultural eras.
Pythagoras of Samos, a Greek philosopher (571–497 B.C.) noted that proportion between small
whole numbers (1:2, 2:3, 3:4, or 4:3, and 3:2) has a pleasing effect for tones and lengths. He
demonstrated this with the monochord, a stretched string whose length he divided into equal
sections, comparing the tones generated by the portions of the string at either side of an intermediate
support or with the open tone [11–13].
In music these harmonic or consonant tone intervals are well known, for example,
String Length

Frequencies

1:2
2:3
3:4
4:5

2:1
3:2
4:3
5:4

Octave
Fifth
Fourth
Major third

The more the harmonies of two tones agree, the better their consonance; the nodes of the
harmonies are congruent with the nodes of the basic tones. Later, different tone scales were developed to appeal to our feelings in a different way depending on the degree of consonance of the
intervals; think of major and minor keys with their different emotional effects.
A correspondence between harmonic proportions in music and good geometric proportions in
architecture was suggested and studied at an early stage. In Greek temples many proportions
corresponding with Pythagoras’s musical intervals can be identified. Kayser [14] has recorded these
relationships for the Poseidon temple of Paestum.
H. Kayser (1891–1964) dedicated his working life to researching the “harmony of the World.” For
him, the heart of the Pythagorean approach is the coupling of the tone of the monochord string with
the lengths of the string sections, which relates the qualitative (tone perception) to the quantitative
(dimension). The monochord may be compared with a guitar. If you pull the string of a guitar, it gives
a tone; the height of the tone (quality) depends on the length (dimension = quantity) and the tension
of the string. Kayser considered the qualitative factor (tones) as judgment by emotional feeling. It is
from this coupling of tone and dimension, of perception and logic, of feeling and knowledge, that
the emotional sense for the proportions of buildings originates — the tones of buildings, if you will.
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FIGURE 2.2

Giorgio numerical analogy in Λ-shape.

Kayser also had shown that Pythagorean harmonies can be traced back to older cultures such as
Egyptian, Babylonian, and Chinese, and that knowledge of harmonic proportions in music and
building are about 3000 years old. Kayser’s research has been continued by R. Haasse at the Kayser
Institute for Harmonic Research at the Vienna College of Music and Performing Arts.
Let us return to our historical survey. In his famous 10 books De Architectura, Marcus Vitruvius
Pollio (84–14 B.C.) noted the Grecian relationships between music and architecture and based his
theories of proportion on them.
Wittkower [12] mentions an interesting text by the monk Francesco Giorgio of Venice. Writing
in 1535 on the design of the Church of S. Francesco della Vigna in Venice (shortened extract):
To build a church with correct, harmonic proportions, I would make the width of the nave nine
double paces, which is the square of three, the most perfect and holy number. The length of the
nave should be twenty-seven, three times nine, that is an octave and a fifth. … We have held it
necessary to follow this order, whose master and author is God himself, the great master builder.
… Whoever should dare to break these rules, he would create a deformity, he would blaspheme
against the laws of Nature.”
So strictly were the laws of harmony, God’s harmony, obeyed.
In his book Harmonia, Francesco Giorgio represented his mystic number analogies in the form
of the Greek letter Λ. Thimus [15] revised this “Lambdoma” for contemporary readers (Figure 2.2).
“Rediscovered” for curing the ills of today’s architecture, Andea di Piero da Padova — known to
us as Palladio [16], was a dedicated disciple of harmonic proportions. He wrote, “The pure proportions of tones are harmonious for the ear, the corresponding harmonies of spatial dimensions
are harmonious for the eye. Such harmonies give us feelings of delight, but no-one knows why —
except he who studies the causes of things.”
Palladio’s buildings and designs prove that beautiful structures can be created using these harmonic proportions when they are applied by a sensitive master. Palladio also studied proportions
in spatial perspective, where the dimensions are continuously reduced along the line of vision. He
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confirmed the view already stated by Brunelleschi (1377–1446) that objective laws of harmony also
apply to perspective space.
Even before Palladio, Leon Batista Alberti (1404–1472), had written about the proportions of
buildings, Pythagoras had said:
The numbers which thrill our ear with the harmony of tones are entirely the same as those which
delight our eye and understanding. … [We] shall thus take all our rules for harmonic relationships
from the musicians who know these numbers well, and from those particular things in which
Nature shows herself so excellent and perfect.
We can see how completely classical architecture, particularly during the Renaissance, was ruled
by harmonic proportions. In the Gothic age master builders kept their canon of numbers secret.
Not until a few years ago did the book Die Geheimnisse der Kathedrale von Chartres (The Secrets
of Chartres Cathedral) by the Frenchman L. Charpentier appear [13], in which he deciphered the
proportions of this famous work. It reads like an exciting novel. The proportions correspond with
the first Gregorian scale, based on re with the main tones of re-fa-la . Relationships to the course
of the sun and the stars are demonstrated.
Ancient philosophers spent much of their time attempting to prove that God’s sun, moon, stars,
and planets obeyed these harmonic laws. In his work Harmonice Mundi Johannes Kepler
(1571–1630) showed that there are a great number of musical harmonies. He discovered his third
planetary law by means of harmonic deliberations, the so-called octavoperations. Some spoke of
“the music of the spheres” (Boethius, Musica mundana).
Villard de Honnecourt, the 13th-century cathedral builder from Picardy, gave us an interesting
illustration of harmonic canon for division based on the upper tone series 1–½–⅓–¼, etc. For
Gothic cathedrals he started with a rectangle of 2:1. This Villard diagram (Figure 2.3) [13, 17] was
probably used for the design of the Bern cathedral. Whole-number proportions of the fourth and
third series can be seen in the articulation of the tower of Ulm Cathedral. A Villard diagram can
be drawn for a square, and it then, for example, fits the cross section of the earlier basilica of St.
Peter’s Cathedral in Rome.
When speaking of proportion, many think of the golden mean, but this does not form a series
of whole-number relationships and does not play the important role in architecture which is often
ascribed to it. This proportion results from the division of a length a + b where b < a so that
b
a
=
a
a+b

(2.1)

This is the case if
a=

5 + 1
b = 1.618 b
2

(2.2)

the reciprocal value is b = 0.618a, which is close to the value of the minor sixth at ⅝ = 0.625 or
⁸⁄₅ = 1.6. The golden mean is a result of the convergence of the Fibonacci series, which is based on
the proportion of a:b, b:(a + b), etc.:
a:b
=
b:(a + b) =
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1: 2 = 0.500
2: 3 = 0.667
3: 5 = 0.600
5: 8 = 0.625
8: 13 = 0.615
13: 21 = 0.619
21: 34 = 0.618

=
=
=
=

octave
fifth
major sixth
minor sixth

= Golden Mean

FIGURE 2.3

The Villard diagram for rectangle 2:1.

This numerical value is interesting in that:
1.618
1.618
=
= 2.618
1.618 − 1
0.618
and
2.168 (6/5) = 3.1416 = π
The golden mean thus provided the key to squaring the circle, as can be found in Chartres Cathedral.
It can be constructed by dividing the circle into five (Figure 2.4).
The Fibonacci series is also used to construct a logarithmic spiral, which occurs in nature in snail
and ammonite shells, and which is considered particularly beautiful for ornaments. Le Corbusier
(1887–1965) used the golden mean to construct his “Modulor” based on an assumed body height
of 1.829 m but the Modulor is in itself not a guarantee of harmony.
An interesting proportion is a: b = 1: 3 = 1: 1.73. It is close to the golden mean but for technical
applications has the important characteristic that the angles to the diagonals are 30° or 60° (equilateral triangle) and the length of the diagonal is 2a or 2b (Figure 2.5). A grid with sides in the ratio
of 1: 3 was patented on July 8, 1976 by Johann Klocker of Strasslach. He used this grid to design
carpets, which were awarded prizes for their harmonious appearance.
During the last 50 years architects have largely discarded the use of harmonic proportions. The
result has been a lack of aesthetic quality in many buildings where the architect did not choose
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FIGURE 2.4

FIGURE 2.5

© 2000 by CRC Press LLC

The golden mean in a pentagon.

The Kloecker grid with a:b = 1:

3.

good proportions intuitively as a result of his artistic sensitivity. There were exceptions, as always.
The Swiss architect Andre M. Studer [18] and the Finn Aulis Blomstdt consciously built “harmonically.” One result of the wave of nostalgia of the 1970s is a return in many places to such aesthetics.
Kayser in Reference [14] and P. Jesberg in the Deutsche Bauzeitschrift DBZ 9/1977 gave a full
description of harmonic proportions.

2.6 How Do We Perceive Geometric Proportions?
In music we can assert plausibly that a feeling and sense for harmonic tone series is controlled
genetically and physiologically through the inborn characteristics of the ear. What about the proportions of lengths, dimensions of objects, and volumes? Helmcke [19], of the Technical University
of Berlin, wholeheartedly supported the idea of a genetic basis for the aesthetic perception of
proportions and he argued as follows:
During the evolution of animals and Man the choice of partner has undoubtedly always played
an important role. Since ancient times men have chosen women as partners, who in their eyes
were the most beautiful and well proportioned and equally women have chosen men as partners
the strongest and most well-built in their eyes. Through natural selection [Darwin] during the
evolution of a species this must have led to the evolution of aesthetic perception and feeling and
resulted in the development in Man of a genetically coded aesthetic ideal for human partners,
passed on from generation to generation. We fall in love more easily with a beautiful partner;
love at first sight is directed mostly by an instinctive feeling for beauty, and not by logic. Nobody
who knows Man and his history will doubt that there is an inherited human ideal of beauty.
Every culture has demonstrated its ideal of human beauty, and if we study the famous sculptures
of Greek artists we recognize that the European ideal of beauty in female and male bodies has
not changed in the last 3000 years.
For the Greeks the erotic character of the beauty of the human body played a dominant role. At
the Symposium of Xenophon (ca. 390 B.C.) Socrates made a speech in praise of Eros. According to
Grassi [20], the term beautiful is used preferentially for the human body.
The Spanish engineer Eduardo Torroja (1899–1961), whose structures were widely recognized
for their beauty, wrote in his book The Logic of Form [21] that “truly the most perfect and attractive
work of Nature is woman.” Helmcke said that “Man’s aesthetic feeling, while perceiving certain
proportions of a body, developed parallel to the evolution of Man himself and is programmed
genetically in our cells as a hereditary trigger mechanism.”
According to this the proportions of a beautiful human body would be the basis of our hereditary
sense of beauty. This view is too narrow because thousands of other natural objects radiate beauty,
but let us continue to study “Man” for the time being.
Fortunately, all humans differ in their hereditary, attributes, and appearance, although generally only
slightly. This means that our canons of beauty cannot be tied to strictly specific geometric forms and
their proportions. There must be a certain range of scatter. This range covers the differences in the
ideals of beauty held by different races. It ensures that during the search for a partner each individual’s
ideal will differ, keeping the competition for available partners within reasonable bounds.
We can also explain this distribution physiologically. Our eyes have to work much harder than our
ears. The messages received by the eye span a range about a thousand times wider than the scale of
tones to be processed by the ear. This means that with colors and geometric proportions harmony and
disharmony are not so sharply defined as with musical tones. The eye can be deceived more easily and
is not as quickly offended or aggravated as the ear, which reacts sensitively to the smallest dissonance.
More evidence for a hereditary sense of beauty is provided by the fact that even during their first
year, children express pleasure at beautiful things and are offended, even to the point of weeping,
by ugly objects. How children’s eyes sparkle when they see a pretty flower.
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FIGURE 2.6

Image of man in circle and square according to Leonardo da Vinci.

Evidence against the idea that we have a hereditary sense of beauty is suggested by the fact that
people argue so much about what is beautiful or ugly, demonstrating a great deal of insecurity in
the judgment of aesthetic qualities. We will give this further thought in Section 2.7.
Our ability to differentiate between good and bad using our senses of taste and smell has also
developed genetically and with certain variations is the same for most people [22]. With this
background of genetic development it is understandable that the proportions of those human bodies
considered beautiful have been studied throughout the ages. A Greek sculptor Polyklet of Kikyon
(465–420 B.C.) defined the following proportions:
two handbreadths

= height of the face and height of the breast, distance breast to navel, navel
to end of trunk
three handbreadths = height of skull, length of foot
four handbreadths = distance shoulder to elbow, elbow to fingertips
six handbreadths
= ear to navel, navel to knee, length of trunk, length of thigh
Plyklet based his “canon for the ideal figure” on these relationships. These studies had the greatest
influence on art during the age of humanism, for example, through the Vier Büecher von menschlicher Proportione 1528 by Albrecht Dürer (1471–1528).
Vitruvius also dealt with the human body in his books De Architectura and used the handbreadth
as a unit of measure. Leonardo da Vinci followed Vitruvius’s theories when drawing his image of
man inscribed in a square (Figure 2.6). Leonardo’s friend, the mathematician Luca Pacioli (ca.
1445–1514) began his work De Divina Proportione, 1508, with the words:
Let us first speak of the proportions of Man because all measures and their relationships are
derived from the human body and here are to be found all numerical relationships, through
which God reveals the innermost secrets of Nature. Once the ancients had studied the correct
proportions of the human body they proportioned all their works, particularly the temples,
accordingly. (Quoted by Wittkower [12])
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The human body with outstretched arms and legs inscribed in a square and circle became a favorite
emblem for humanistically oriented artists right up to Le Corbusier and Ernst Neufert. Let us close
this section with a quotation from one of Helmcke’s [19] works:
The intellectual prowess of earlier cultures is revealed to us whenever their artists, architects, and
patrons succeeded in incorporating, consciously or unconsciously, our hereditary, genetically
programmed canon of proportions in their works; in achieving this they come close to our
genetically controlled search for satisfaction of our sense of aesthetics. It reveals the spiritual
pauperism of today’s artists, architects and patrons when, despite good historical examples and
despite advances in the natural sciences and the humanities they do not know of these simple
biologically, anatomically based relationships or are too ungifted to perceive, understand, and
realize them. Those who deprecate our search for the formal canons of our aesthetic feelings as
a foolish and thus unnecessary pastime must expect to have their opinion ascribed to arrogant
ignorance and to the lack of a sure instinctive sense of beauty, and already ethnologically known
as a sign of decadence due to domestication.
The only criticism which, in my [Helmcke’s] opinion can be leveled at the thousands of years’
old search for universally valid canons of form, lies in the assumption that these canons shall
consist of fixed proportions and shall thus be valid for all mankind. …
What is needed is experience of and insight into the range of scatter of proportional relations
and insight into the limits within our hereditary aesthetic sense reacts positively, and beyond
which it reacts negatively.

2.7 Perception of Beauty in the Subconscious
We are not generally aware of how strongly our world of feelings, our degree of well-being, comfort,
disquiet, or rejection is dependent on impressions from our surroundings. Neurologists know that
parts of our brain are capable of reacting to external stimuli without reference to the conscious
mind and of processing extensive amounts of information. This takes place in the limbic system of
the primitive structures of the midbrain and the brain stem. For all those activities of the subconscious which deal with the processing of aesthetic messages, Smith [3] used the phrase “limbic
aesthetics” and dedicated a whole chapter of his very readable book to them.
Our subconscious sense of beauty is almost always active, whether we are at home, in the city
marketplace, in a church, in a beautiful landscape, or in the desert. Our surroundings affect us
through their aesthetic characteristics even if our conscious thoughts are occupied with entirely
different matters and impressions.
Smith wrote of the sensory appetite of these primitive parts of the brain for pleasant surroundings,
for the magic of the city, and for the beauty of nature. The limbic system reacts to an oversupply
of stimuli with rejection or anxiety.
Symbolic values connected with certain parts of our environment also act on the subconscious.
The home, the church, school, garden, etc. have always possessed symbolic values created by learning
and experience. These are related mostly to basic human situations and cause emotional reactions,
without ever reaching the conscious level.
This perception of beauty at the subconscious level plays a particularly strong role in city dwellers.
Their basic feeling of well-being is doubtless influenced by the aesthetic qualities of their environment in this way. This has social consequences (see Section 2.10) and underlines our responsibility
to care about the beauty of the environment.

2.8 Aesthetic Judgment and Taste
When two observers are not agreed in their judgment of a work of art, the discussion is all too often
ended with the old proverb, “De gustibus non disputandum est.” We like to use a little Latin to

© 2000 by CRC Press LLC

show our classical education, which, as we know, is supposed to include an understanding of art.
This “there’s no accounting for taste” is an idle avoidance tactic, serving only to show that the
speaker has never really made a serious effort to study aesthetics and thus has educational deficiencies
in the realm of assessing works of art.
Of course, taste is subject to continual change, which in turn depends on current ideals, fashions,
and is dependent on historical and cultural background. The popular taste in any given period of
time or even the taste of single individuals is never a reliable measure of aesthetic qualities.
On the other hand, genetic studies have shown that we have a certain basic hereditary sense of
beauty. Smith [3] said that this aesthetic perception has developed into one of the highest capabilities
of our central nervous system and is a source of deep satisfaction and joy.
The judgment of aesthetic characteristics is largely dependent on feelings which are derived from
our sensory perceptions. Beauty, then, despite some theories (Bense, Maser) cannot be rationally
measured. When looking at the nature of feelings we must admit the fact that despite all our research
and science, we know very little about humanity or about ourselves. We can, however, call upon
observations and experiences which are helpful.
We repeatedly experience that the majority of people agree that a certain landscape, great painting,
or building is beautiful. When entering a room, for example, in an old church, or while wandering
through a street, feelings are aroused which are pleasant, comfortable, even elevating, if we sense a
radiation of beauty. If we enter a slum area, we feel revulsion or alarm, as we perceive the disorder
and decay. We can be more or less aware of these feelings, depending on how strongly our thoughts
are occupied elsewhere. Sensitivities and abilities to sense beauty naturally differ from person to person,
as is true of our other talents. This sensitivity is influenced by impressions from our environment, by
experience, by relationships with our companions at home, at school, and with our friends. Two people
judging the qualities of beauty of an object are likely to give different opinions.
Beautiful surroundings arouse feelings of delight in almost all people, but an ugly, dirty environment
causes discomfort. Only the degree of discomfort will differ. In our everyday life such feelings often
occur only at a subconscious level and often their cause is only perceived after subsequent reflection.
We can develop a clear capacity for judging aesthetic qualities only when we study the message
emanated by an object consciously and ask ourselves whether or not we like a building or a room.
Next, we must ask ourselves why. Why do I like this and not that? Only by frequent analysis,
evaluation, and consideration of consciously perceived aesthetic values can we develop that capacity
of judgment which we commonly call taste — taste about which we must argue, so that we can
strengthen and refine it. Taste, then, demands self-education, which can be cultivated by critical
discussion with others or by guidance from those more experienced. Good judgment of aesthetic
values requires a broad education. It can be compared to an art and requires skill, and like art it
takes not only talent, but a lot of work.
We need not be afraid that such analysis will weaken our creative skills; in fact, the opposite is
true: the goal of analysis is the discovery of the truth through creative thinking [23]. People have
different talents and inclinations since they grow up in different circles with different cultural
backgrounds and therefore their tastes will always differ. In any given culture, however, there is a
certain polarity on the judgment of beauty. Psychologists call this agreement “normal behavior,” “a
normal reaction of the majority.” This again corresponds with Kant’s view that beauty is what is
generally thought to be beautiful by the majority of people.
Beauty cannot be strictly proved, however; so we must be tolerant in questions of taste and must
give freedom to what is generally felt to be beautiful and what ugly. That there is a generally
recognized concept of beauty is proved by the consistent judgment of the classical works of art of
all great cultures, visited year after year by thousands of people. Think of the popularity of exhibitions of great historic art today. It is history that has the last word on the judgment of aesthetic
values, long after fashions have faded.
Fashions: Artistic creation will never be entirely free from fashion. The drive to create something
new is the hallmark of creative beings. If the new becomes popular, it is soon copied, and so fashions
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are born. They are born of the ambition and vanity of humans and please both. The desire to
impress often plays a role. Up to a certain point, fashions are necessary; in certain new directions
true art may develop through the fashionable, acquiring stability through a maturing process and
enduring beyond the original fashion. Often, such new developments are rejected, because we are
strongly influenced by the familiar, by what we are used to seeing, and only later realize the value
of the new. Again, history pronounces a balanced judgment.
Confusion is often caused in our sense of judgment by modern artists who deliberately represent
ugliness in order to mirror the warped mental state of our industrial society. Some of this work has
no real quality, but is nonetheless acclaimed as modern art. The majority dares not question this
for fear of rejection, slander, and peer pressure.
Although some works that consciously display ugliness or repulsiveness may well be art, we must
seriously question the sanity and honesty of the patrons of primitive smearings, tangles of scrap
iron, or old baby baths covered in Elastoplast strips (J. Beuys) when such efforts are exhibited as
works of art. Happily, the courage to reject clearly such affronts and to put them in their place is
on the increase. We only need to read Claus Borgeest’s book, Das Kunsturteil, [24], in which he
wrote, “the belief in such ‘art’ is a modern form of self-inflicted immaturity, whose price is the selfdeprivation of reason, man’s supreme attribute.”
In any case, it would be wrong to describe as beautiful works, those haunted by ugliness, even if
they have the quality of art. The artist intends to provoke and to encourage deliberation. However,
the educational effects of such artistic creations are questionable, because we usually avoid their
repeated study. Painters and sculptors, however, should be free to paint and sculpt as hatefully and
repulsively as they wish — we do not have to look at their works. It is an entirely different case with
buildings; they are not a private affair, but a public one. It follows that the designer has responsibility
to the rest of humankind and a duty to produce beautiful buildings so that the designer does not
give offence. Rightly, the ancient Greeks forbade public showings of ugliness, because their effects
are largely negative.
We seldom find anyone who will hang ugly works of art in his or her home. It is beyond a doubt
that in the long term we feel comfortable only in beautiful surroundings and that beauty is a
significant requirement for the well-being of our soul; this is much more important for people’s
happiness than we today care to admit.

2.9 Characteristics of Aesthetic Qualities Lead to Guidelines
for Designing
The search for explanations, the analysis of aesthetic values, are bound to lead to useful results, at
least for man-made buildings and structures. We will now try to subject matters of feelings, emotions, to the clear light of recognition and understanding.
If we do this, we can certainly find answers to the question, “Why is this beautiful and this ugly?”
For recognized masterpieces of architecture generally considered beautiful, there have been answers
since ancient times, many of which are given in the quoted literature on proportions. Such
buildings reveal certain characteristics of quality and from these we can deduce guidelines for
design, such as certain proportions, symmetry, rhythm, repeats, contrasts, and similar factors,
The master schools of old had such rules or guidelines, such as those of Vitruvius and Palladio.
Today, these rules are surely valid and must be rediscovered for the sake of future architecture.
They can prove a valuable aid in the design of building structures and at the very least contribute
toward avoiding gross design errors.
Many architects and engineers reject rules, but in their statements about buildings we still find
references to harmony, proportion, rhythm, dominance, function, etc. Torroja [21] rejected rules,
but he said “the enjoyment and conscious understanding of aesthetic pleasure will without doubt
be much greater if, through a knowledge of the rules of harmony, we can enjoy all the refinements
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and perfections of the building in question.” Rules of harmony are based on rules of proportion,
and somehow the striving for individual artistic freedom prevents us from recognizing relationships
often imposed upon us by ethics.
Let us then attempt to formulate such characteristics, rules, or guidelines as they apply to building
structures, particularly bridges.

2.9.1 Fulfillment of Purpose–Function
Buildings or bridge structures are erected for a purpose. The first requirement is that the buildings
and bridges be designed to optimally suit this purpose. To meet the specific purpose, a bridge may
have different structural types: arches, beams, or suspensions. The structure should reveal itself in
a pure, clear form and impart a feeling of stability. We must seek simplicity here. The form of the
basic structure must also correspond to the materials used. Brick and wood dictate different forms
from those for steel or concrete. We speak of form justified by the material, or of “logic of form”
[21]. This reminds us of the architect Sullivan’s rule “form follows function” which became an often
misunderstood maxim for building design. The function of a building is not only that it stand up.
One must fulfill all the various requirements of the people that inhabit the building. These include
hygiene, comfort, shelter from weather, beauty, even cosiness. The fulfillment of the functional
requirements of buildings includes favorable thermal, climatic, acoustic, and aesthetic qualities.
Sullivan undoubtedly intends us to interpret his rule in this sense. For buildings the functional
requirements are very complex, but in engineering structures, functions besides load-carrying
capacity must be fulfilled, such as adequate protection against weather, limitation of deformation
and oscillation, among others, and all these factors affect design. Quality and beauty must be united,
and quality takes first priority!

2.9.2 Proportion
An important characteristic necessary to achieve beauty of a building is good, harmonious proportions, in three-dimensional space. Good proportions must exist between the relative sizes of the
various parts of a building, between its height, width, and breadth, between masses and voids, closed
surfaces and openings, between the light and dark caused by sunlight and shadow. These proportions
should convey an impression of balance. Tassios [25] preferred “expressive proportions” which
emphasize the desired character of a building (see Section 2.9.8).
For structures it is not sufficient that their design is “statically correct.” A ponderous beam can
be as structurally correct as a slender beam, but it expresses something totally different. Not only
are the proportions of the geometric dimensions of individual parts of the building important, but
also those of the masses of the structure. In a bridge, for instance, these relationships may be between
the suspended superstructure and the supporting columns, between the depth and the span of the
beam, or between the height, length, and width of the openings. Harmony is also achieved by the
repetition of the same proportions in the entire structure or in its various parts. This is particularly
true in buildings.
Sometimes contrasting proportion can be a suitable element. The detailed discussion is referred
to Chapter 4 of my book [26], which shows what good proportions can mean for bridges.

2.9.3 Order
A third important rule is the principle of order in the lines and edges of a building, an order achieved
by limiting the directions of these lines and edges to only a few in space.
Too many directions of edges, struts, and the like create disquiet, confuse the observer, and arouse
disagreeable emotions. Nature offers us many examples of how order can lead to beauty; just think
of the enchanting shapes of snow crystals and of many flowers [27, 28]. Good order must be observed
between the proportions occurring in a building; for instance, rectangles of 0.8:1 should not be
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placed next to slim rectangles of 1:3. Symmetry is a well-tried element of order whenever the functional requirements allow symmetry without constraint.
We can include the repetition of equal elements under the rule of order. Repetition provides
rhythm, which creates satisfaction. Too many repetitions, on the other hand, lead to monotony,
which we encounter in the modular architecture of many high-rise buildings. Where too many
repetitions occur, they should be interrupted by other design elements.
The selection of one girder system throughout the structure provides an element of good order.
Interrupting a series of arches with a beam gives rise to aesthetic design problems. Under the
principle of order for bridges we may include the desire to avoid unnecessary accessories. The design
should be so refined that we can neither remove nor add any element without disturbing the
harmony of the whole.

2.9.4 Refining the Form
In many cases, bodies formed by parallel straight lines appear stiff and static, producing uncomfortable optical illusions. Tall bridge piers or towers with parallel sides appear from below to be
wider at the top than at the bottom, which would be unnatural. Nor does this uniform thickness
conform to our concept of functionality, because the forces decrease with increasing height. For
this reason, the Egyptians and Greeks gave the columns of their temples a very slight taper, which
in many cases is actually curved. Towers are built tapered or stepped. On high towers and bridge
piers, a parabolic taper looks better than a straight taper.
The spans of a viaduct crossing a valley should become smaller on the slopes, and even the depth
of the girders or edge fascia can be adjusted to the varying spans. Long beams of which the bottom
edge is exactly horizontal look as if they are sagging, and so we give them a slight camber.
We must also check the appearance of the design from all possible vantage points of the future
observer. Often the pure elevation on the drawing board is entirely satisfactory, but in skew angle
views of unpleasant overlapping are found. We must also consider the effects of light and shadow.
A wide cantilever deck slab can throw bridge girders into shadow and make them appear light,
whereas similar shadows break the expressive character of an arch. Models are strongly recommended for checking a design from all possible viewpoints.
These refinements of form are based on long experience and must be studied with models from
case to case.

2.9.5 Integration into the Environment
As the next rule, we recognize the need to integrate a structure or a building into its environment,
landscape, or cityscape, particularly where its dimensional relationships and scale are concerned.
In this respect many mistakes have been made during the past decades by placing massive concrete
blocks in the heart of old city areas. Many factories and supermarkets also show this lack of sensitive
integration. Sometimes long-span bridges with deep, heavy beams spoil lovely valley landscapes or
towns with old houses lining the riverbank.
The dimensions of buildings must also be related to the human scale. We feel uneasy and
uncomfortable moving between gigantic high-rise buildings. Heavy, brutal forms are often deliberately chosen by architects working with prefabricated concrete elements, but they are simply
offensive. It is precisely their lack of scale and proportion that has led to the revolt against the
brutality of this kind of architecture.

2.9.6 Surface Texture
When integrating a building with its surroundings, a major role is played by the choice of materials ,
the texture of the surfaces , and particularly by color . How beautiful and vital a natural stone wall
can appear if we choose the right stone. By contrast, how repulsive are many concrete facades; not
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only do they have a dull gray color from the beginning, but they weather badly, producing an ugly
patina and appear dirty after only a few years. Rough surfaces are suitable for piers and abutments;
smooth surfaces work well on fascia-beams, girders, and slender columns. As a rule, surfaces should
be matte and not glossy.

2.9.7 Color
Color plays a significant role in the overall aesthetic effect. Many researchers have studied the
psychological effects of color. Here, too, ancient rules of harmonious color composition apply, but
today successful harmonious color schemes are rare. Often, we find the fatal urge for sensation, for
startling aggressive effects, which can be satisfied all too easily with the use of dissonant colors,
especially with modern synthetic pop — or shocking — colors. We can find, however, many examples of harmonious coloring, generally in town renovation programs. Bavaria has provided several
examples where good taste has prevailed.

2.9.8 Character
A building and bridge should have character; it should have a certain deliberate effect on people.
The nature of this desired effect depends on the purpose, the situation, the type of society, and on
sociological relationships and intentions. Monarchies and dictatorships try to intimidate by creating
monumental buildings, which make people feel small and weak. We can hope this belongs to the
past. Only large banks and companies still make attempts to impress their customers with monumentalism. Churches should lead inward to peace of mind or convey a sense of release and joy of
life as in the Baroque or Rococo. Simple dwellings should radiate safety, shelter, comfort, and
warmth. Beautiful houses can stimulate happiness.
Buildings of the last few decades express an air of austere objectivity, monotony, coldness,
confinement, and, in cities, confusion, restlessness, and lack of composition; there is too much
individuality and egoism. All this dulls people’s senses and saddens them.
We seem to have forgotten that people also want to meet with joy in their man-made environment.
Modern buildings seem to lack entirely the qualities of cheerfulness, buoyancy, charm, and relaxation. We should once again become familiar with design features that radiate cheerfulness without
lapsing into Baroque profusion.

2.9.9 Complexity — Stimulation by Variety
Smith [3] postulated a “second aesthetic order,” suggested by findings made by biologists and
psychologists [29]. According to this, beauty can be enhanced by the tension between variety and
similarity, between complexity and order. Baumgarten expressed this as early as 1750, “Abundance
and variety should be combined with clarity. Beauty offers a twofold reward: a feeling of well being
both from the perception of newness, originality and variation as well as from coherence, simplicity,
and clarity.” Leibniz in 1714 demanded for the achievement of perfection as much variety as possible,
but with the greatest possible order.
Berlyne [30] considered the sequence of tension and relaxation to be a significant characteristic
of aesthetic experience. Venturi [31], a rebel against the “rasteritis” (modular disease) architecture
of Mies van der Rohe, said, “A departure from order — but with artistic sensitivity — can create
pleasant poetic tension.”
A certain amount of excitement caused by a surprising object is experienced as pleasant if
neighboring objects within the order ease the release of tension. If variety dominates our orientation,
reflex is overtaxed and feelings ranging from distaste to rejection are aroused. Disorder is not
beautiful.
This complexity doubtless requires artistic skill to be successful. It can be used well in bridge
design if, for instance, in a long, multispan bridge the main span is accented by a variation in the
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girder form. The interplay of complexity and order is important in architecture, particularly in city
planning. Palladio was one of the first to extend the classical understanding of harmony by means
of the complexity of architectural elements and ornamentation.

2.9.10 Incorporating Nature
We will always find the highest degree of beauty in nature, in plants, flowers, animals, crystals, and
throughout the universe in such a variety of forms and colors that awe and admiration make it
extremely difficult to begin an analysis. As we explore deeper into the realm of beauty we also find
in nature rules and order, but there are always exceptions. It must also remain possible to incorporate
such exceptions in the masterpieces of art made by creative humans [28].
The beauty of nature is a rich source for the needs of the soul, and for humans’ psychic wellbeing. All of us know how nature can heal the effects of sorrow and grief. Walk through beautiful
countryside — it often works wonders. As human beings we need a direct relationship with nature,
because we are a part of her and for thousands of years have been formed by her.
This understanding of the beneficial effects of natural beauty should lead us to insist that nature
again be given more room in our man-made environment. This is already happening in many of
our cities, but we must introduce many more green areas and groups of trees. Here we must mention
the valuable work of Seifert [32] during the building of the first autobahns in Germany.

2.9.11 Closing Remarks on the Rules
We must not assume that the simple application of these rules will in itself lead to beautiful buildings
or bridges. The designer must still possess imagination, intuition, and a sense for both form and
beauty. Some are born with these gifts, but they must be practiced and perfected. The act of designing
must always begin with individual freedom, which in any case will be restricted by all the functional
requirements, by the limits of the site, and not least by building regulations that are usually too strict.
The rules, however, provide us with a better point of departure and help us with the critical
appraisal of our design, particularly at the model stage, thus making us aware of design errors.
The artistically gifted may be able to produce masterpieces of beauty intuitively without reference
to any rules and without rational procedures. However, the many functional requirements imposed
on today’s buildings and structures demand that our work must include a significant degree of
conscious, rational, and methodical reasoning.

2.10 Aesthetics and Ethics
Aesthetics and ethics are in a sense related; by ethics we mean our moral responsibility to humanity
and nature. Ethics also infers humility and modesty, virtues which we find lacking in many designers
of the last few decades and which have been replaced by a tendency toward the spectacular, the
sensational, and the gigantic in design. Due to exaggerated ambition and vanity and spurred by the
desire to impress, unnecessary superlatives of fashions were created, lacking true qualities of beauty.
Most of these works lack the characteristics needed to satisfy the requirements of the users of these
buildings.
As a responsibility, ethics requires a full consideration of all functional requirements. In our manmade environment we must emphasize the categories of quality and beauty. In his Acht Todsünden
der Menschheit, Loreanz [33] once said that “the senses of aesthetics and ethics are apparently very
closely related, so that the aesthetic quality of the environment must directly affect Man’s ethical
behavior.” He said further, “The beauty of Nature and the beauty of the man-made cultural environment are apparently both necessary to maintain Man’s mental and psychic health. Total blindness
of the soul for all that is beautiful is a mental disease that is rapidly spreading today and which we
must take seriously because it makes us insensitive to the ethically obnoxious.”
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In one of his last important works, in To Have or to Be [34] Erich Fromm also said that the
category of “goodness” must be an important prerequisite for the category “beauty,” if beauty is to
be an enduring value. Fromm goes so far as to say that “the physical survival of mankind is dependent
on a radical spiritual change in Man.” The demand for aesthetics is only a part of the general demand
for changes in the development of “Man.” These changes have been called for at least in part and
at intervals by humanism, but their full realization in turn demands a new kind of humanism, as
well expressed in the appeal by Peccei [35].

2.11 Summary
In order to reach a good capacity of judging aesthetic qualities of buildings or bridge structures, it
is necessary to go deep into our human capacities of perception and feelings. The views of many
authors who treated aesthetics may help to come to some understanding, which shall help us to
design with good aesthetic quality.
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