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Abstract

The author attempts to answer the questions, what is beauty in architecture and how the canon of beauty has changed
in view of extending the possibilities of geometric control and the development of digital technology. The basis of classical
beauty was the aesthetics of forms based on the belief that there was an objective beauty that the ancients understood
mathematically. Using the achievements of predecessors gives us the opportunity to develop their thoughts using the prin-
ciples originally laid the base for further research, or to widen the field of the methods used.

The modern science of beauty studies forms that come from nature. Studying the laws governing these shapes and pro-
portions, we encounter the mathematical and geometric conditions in which Pythagoras and Plato found the secret of
beauty. The subject of the article is to formulate the problem of searching for and creatively shaping an architectural form in
a complex relationship to the generally understood nature through a research analysis of the theoretical foundations of the
concept of classical beauty from a philosophical, artistic, mathematical and social point of view. The analysis of this issue

shows nature as the main instrument in shaping the pattern of perfection and beauty to the present times.
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INTRODUCTION

“We are accustomed to Cartesian systems of
representation, in which every point of a form is pro-
jected onto a plane. Consequently, all forms that were
difficult to project were qualified as bizarre. The diffi-
culties encountered in introducing these forms disco-
uraged their use. Conversely, there were forms in use
whose projection presented no difficulties, such as the
cube form. And yet, if a form is complicated to define
in the Cartesian system, this by no means means that
it is complicated to construct” [D.G. Emmerich 1965,
p. 363].

Rasmussen claims: “All art (.) is a way of
expression, so what suits one artist may not suit ano-
ther” [Rasmussen 1999, p. 6]. The subjectivity of evalu-
ations precludes the establishment of a single binding
canon of beauty. However, it is not about the canon,
but about establishing principles that dominate creati-
vity. Harmony is a measure of consistency, logic and an

element of consequence control. Although the beauty
of architectural works is not described by a single the-
ory, there are certain rules. Modern curvilinear forms
of architecture with free geometry make it difficult to
record harmony, yet architects strive to establish the
principles by which they design.

Perhaps an information breakthrough and an
increase in the efficiency of analysis will make these
considerations more precise. Thus, they will become
a stimulus for the interpretation of heritage, as well as
a means of organizing the process of creating archi-
tecture.

1. CLASSIC APPROACH

Antiquity connected all areas of life, seeking
common properties and regularities for them. The an-
cients sought rational justification for even the most
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ephemeral sensations [J. Styk 2012, p. 39]. Thus, the
basis of classical beauty was an aesthetics of forms
based on the belief that there is objective beauty, ob-
jectively perfect proportions, which in antiquity were
understood by the corresponding mathematical valu-
es. It was believed that objective beauty consisted of
number and measure. The source of the principles de-
fining beauty in modern architecture should be sought
precisely in the classical period of Greek culture. The
concept of classical beauty is presented from a phi-
losophical, artistic, mathematical and social point of
view.

1.1. The concept of beauty in ancient
philosophy

In the Greek mentality, beauty was defined as
that which is true and good, that which inspires admi-
ration, liking, appreciation, and therefore that which, in
the subjective perception, is worthy of endeavor and
knowledge. Kalos kagathos is a Greek term meaning
the inseparable combination of goodness and beau-
ty which was used interchangeably [R. Turasiewicz
1980].

The incorporation of beauty and art into a single
philosophical concept first occurred with Plato. “If why
is it worthwhile for man to live, it is for the beholding
of beauty”, the philosopher wrote in The Feast. [Platon
2008] However, he praised something different from
what we consider beauty in modern times. He used
the term to include not only physical objects, but also
moral and cognitive values. The question of beauty
was posed by Plato many times. Its essence and cor-
relates are considered in the dialogue Hippias Major in
which he considers as many as five definitions: beauty
is appropriateness, beauty is usefulness, beauty is util-
ity and beauty is pleasure to the eyes and ears. How-
ever, the “enumeration” of examples of beautiful things
presented by the sophist from Elida is ultimately reject-
ed by Plato. This discourse opened the way for further
speculation on what true beauty is.

In his later works, Plato leans toward the Pytha-
gorean concept, defining beauty by order and measu-
re, that is, by number and proportion. “Measure and
proportion are beauty and virtue” or conversely, “ugly is
that which has no measure” he writes in Philebus. [Pla-
ton 2021] With measure being understood in one case
as number, in another as moderation and appropriate-
ness. Plato, however, did not remain only concerned
with theory, he gave concrete examples of good pro-
portions. In the dialogue Meno, he takes as an example
two squares in such a ratio to each other that the side
of one is half the diagonal of the other - he has this
proportion as perfect. For many centuries architects

have based the proportions of the most monumental
edifices (in the facade of the Parthenon, located on the
Athenian Acropolis, St. Paul’s Cathedral in London or
the Marina Bay Sands building in Singapore) on such
a ratio of two squares.

Aristotle claimed that the purpose of art is to imi-
tate the beauty of the real world. The aesthetic views
of Plato’s disciple differ from those of the master in the
same way that their philosophies differ. In Aristotle’s
case, the form is not only a reflection of the idea, but is
identical with it. The artist, when depicting reality, does
not have to imitate its image (appearance, form), but
should depict its Being [W. Tatarkiewicz 1985].

Thus, the task of art is to present the truth, not
blind and detailed imitation (mimesis). Beauty appears
only when the material work in its sensually accessible
form has certain qualities, such as proportions, order,
purposefulness, etc., but they are expressed in a Py-
thagorean way. In Book Xl of the Metaphysics, Ari-
stotle wrote: “Those who say that mathematics says
nothing about beauty and goodness are mistaken. /.../
The main features of beauty are order, symmetry, and
necessity, which mathematics indicates in a special
way.” [Aristotle 2016]

Socrates also contributed to the understanding
of beauty, describing it as appropriateness and confor-
mity to the purpose it is intended to serve. Augustine of
Hippo combined the theory of harmony with mathema-
tics and art, emphasizing the need to integrate beauty
with the ethical order of life. Plotinus criticized the Py-
thagorean theory of beauty, noting that focusing only
on proportion would limit it to objects. He pointed out
that beauty also exists in color, sound and sunlight, not
only in geometric proportions.

In ancient Greece, during the time of Thales of
Miletus (635-543 BC), a catalog of basic concepts such
as point, line, and angle was established. Tales noti-
ced regularities resulting from their transformation. On
the basis of Thales’s thought, the Pythagorean scho-
ol shows the unity of arithmetic, geometry, music and
astronomy. Pythagorean geometry provided proofs of
many theorems that form the basis of “traditional” geo-
metry. Euclid in the geometric treatise Elements refer-
ring to the concepts: “magnitude”, “ratio”, “proportion”,
“multiplicity”, he created a theory that forms the basis
for what is still regarded today as a model of accuracy
and conciseness of mathematical expression.

The duty of an architect, according to Vitruvius,
was to ensure that buildings are not only durable and
useful, but also beautiful. In Vitruvius’s presentation, we
find Euclidean geometry in its pure form. The definition
presented in the second chapter of the first book uses
four criteria for architectural composition. The first two
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concern shape and use the logic of scaling derived
from the Elements. Ordinatio, or orderliness, is a gene-
ral feature of a building that derives from the “numeri-
cal ratio” between the dimensions of the elements [R.
Wittkower 1980]. Dispositio, on the other hand, defines
the arrangement of elements in relation to each other,
decorio as appropriateness and distributio as econo-
my. According to Scholfield, the Ten Books can be
considered a “broken link,” a break separating modern
Western architecture from the Greek tradition.

Fig. 1. Tetractys. Triangular figure as a mystical symbol of perfect
proportion; source: drawing by the author.

The Pythagorean theory of beauty as a number
was also referred to by St. Augustine, he wrote: “reason
(..) saw that only beauty is liked, in beauty - shapes, in
shapes - proportions, in proportions - numbers” [Sw.
Augustyn 1999]. In his view, beauty has objective va-
lue and does not depend on human judgment. “First
of all, I'll ask whether that’s why something is beautiful,
because it pleases, or why it pleases because it is be-
autiful. | will undoubtedly receive the answer that this is
why it pleases, because it is beautiful. Then | will ask, in
turn, why it is beautiful;, and if he begins to hesitate, | will
hint whether it is by chance because the parts of the
thing in question are similar to each other and, through
a certain mutual relationship, achieve conformity and
unity” [Sw. Augustyn 1954].

The aesthetic achievement of the Pythagore-
ans boils down to the conclusion that all of nature is
built according to some principle that can be written
down in a mathematical (numerical) formula, but only
certain ways of ordering (proportions) determine whe-
ther it evokes a positive experience of beauty. Modern
architecture draws from the ancient tradition a sense of
overall proportionality - the “consonance” of elements
within a whole. When we adopt a new measure of pro-
portionality, we can obtain a new harmony that gives
a sense of order and beauty to an artistic work.

Behind various concepts of beauty are rules
that people follow. Invariably, historical eras and certain
cultures determine objects, forms or attitudes that are

Fig. 2. Classical structures & classic geometry, which Euclides first described in Elements (IV, BC.); source: drawing by the author
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considered good, to be admired and imitated. The line
connecting the various “strong points” - the spiral of
the golden division - can guide the viewer’s eye. In this
way, an image or form can become an engaging story.
The principles of golden division used in architecture
are considered and applied by architects even today.

1.2. Continuation of mathematical theories as
a generative feature

In the 1970s, computers provided new design
possibilities. The creation of arbitrary forms is no longer
a problem, and the results achieved delight with diver-
sity. Expanding the capabilities of the geometric con-
trol apparatus provides architects with access to new
levels of regularity regarding shapes and the processes
for creating them. Computers make it possible to auto-
mate many design activities. They automatically search
and organize information, according to set criteria, par-
ticipating in the analysis of conditions. At the modeling
stage, they support the search and optimization of the
form. With the help of software, one can find analogs
of nature’s creations and then use them in the cre-
ation process. Architecture can draw on relationships
of a very complex nature. Commensurate, harmonic
proportions, which are first observed in nature, then
interpreted, provide endless inspiration for architectural
works. However, the source of proportionality is always
a mathematical rule.

The continuation of mathematical theories is
a generative feature, providing new and unique data
based on known values. Building on the achievements
of predecessors provides opportunities to develop their
thoughts using the originally stated principles as a ba-
sis for further research, or to expand the area of applied
methods [J. Styk 2012, p. 37]. The discovery of alterna-
tive geometries, the ability to analyze by digital means
does not replace previous methods, but broadens the
base of inspiration. Many architectural objects would
probably not have been created without the freedom
of imagination stimulated by modern mathematics. Ho-
wever, independently the basis is embedded in a tradi-
tional Pythagorean-Cartesian context. This applies to
both design issues and aesthetic perception. Algorith-
mic creativity does not come from calculating machi-
nes. Rather, it was man, thanks to twentieth-century
inventions, who faced the need to make a turn.

He did not invent, but discovered, or rather, re-
inforced a method of cognition that has always existed
[K. Terzidis 2006]. Architecture, in order to be origi-
nal, cuts itself off from the forms invented by its pre-
decessors. In texts documenting the transformation
of architecture, we find descriptions of new aesthetic
systems. They focus on visual and emotional contexts,

but often describe them in criteria of proportion and
harmony. Sociology is increasingly willing to take up
themes from the borderline of aesthetics, and as a re-
sult, the thesis of the “aestheticization of reality” is be-
ing pushed more and more boldly [K. Kociotek 2020],
according to which aesthetic values are the primary
criterion for choices.

1.3. Modern beauty - as an autonomous

category

In modern architecture, conventions are mixed,
and the concept of style is practically meaningless any-
more. As Hans Georg Gadamer states: “art demands
a new legitimacy whenever the demand for new truth
is opposed to traditional form” [H. Gadamer 1993, p.
19]. The entire 20th century, however, is characterized
by a situation in which the bold self-liberation from the
historical bonds of the 19th century in another bold
sense gives truth to the sentence that all previous art
appears as something past. Observation of the evolu-
tion of the description of complex geometry may lead
one to argue that the computerization of the architect’s
workshop has influenced the emergence of a new class
of architecture. The works of Peter Cook, Zaha Hadid,
Greg Lynn, and the Hyperbody group are associated
with the inventions of the digital world, including, above
all, the hardware that provides computational efficien-
cy. While it is difficult to deny the influence of compu-
ters on free form modeling, the real breakthrough is not
in machines but in architectural thought.

2. BEAUTY IN THE FORM OF NATURE

Architecture draws modularity from nature - the
proportions of Roman temples were measured using
units and relationships derived from observations of
nature. This type of relationship remains the main in-
strument for shaping the pattern of perfection and be-
auty to the present day.

The modern science of beauty studies forms that
have been created under conditions of undisturbed de-
velopment such as crystals, vegetation, shells, bones,
muscles. By studying the general laws governing these
shapes and proportions, we discover a criterion of form
in nature that we can apply to works of art and archi-
tecture. In this study, we encounter the mathematical
and geometric conditions in which Pythagoras and
Plato found the secret of beauty in number.

Most of Nature’s patterns compared to traditio-
nal geometry are irregular and chaotic. This does not
mean that nature now presents a higher level of com-
plexity, but that we are now able to describe with the
same rules a completely different level of its dimensio-
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Fig. 3. Beijing Daxing International Airport, airport terminal building has been likened to a starfish, project Zaha Hadid Architects, 2019;
source: Hufton + Crow, zaha-hadid.com
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nality. The number of different subdivisions in natural
patterns is essentially infinite. The existence of these
patterns compels us to study the forms that Euclid
dismisses as “formless,” to study the morphologies
of the “amorphous.”

Alejandro Bahamon and Patricia Pérez in In-
spired by Nature: Minerals [A. Bahamon, P. Pérez
2007] analyze designs and buildings inspired by so-
lutions found in the world of geology, from the form
of crystals to inspiration from earth sculpture, mineral
voids, volcanoes and monoliths. Among the exam-
ples described by the architects are buildings such
as a cinema complex (Coop Himmelb(l)au), museums
(Daniel Libeskind and Tadao Ando), and a theater
(Antoine Predock). Through visual analogies, they
emphasize how architects create new, sustainable
and efficient architectural forms by closely observing
nature. The unnatural desire to absorb the structu-
ral efficiency of the beauty of a shell, husk or other
natural shape has gained an ally in parametric de-
sign. The development of CAD technology has led to
a state where the projection and processing of com-
plex geometric forms is not a problem for architectu-
ral expression.

2.1. Lotus Temple, India

The unusual block, designed by architect
Fariborz Sahba, is located in New Dehli, India. The
temple is less than 40 meters high, and its shape is
inspired by a half-open lotus flower. - in Hinduism and
Buddhism, a sacred plant that is a symbol of beauty,
purity and rebirth.

There is at least one Baha'i temple on eve-
ry continent, and each is characterized by a unique

architectural solution. All Houses of Prayer are in the
shape of a decagon with nine entrances, topped by
a dome. “This is meant to symbolize the unity of the
nine world religions and their openness to all people
(...)” [T. Jedrasik 2010, p. 16].

The lotus concept was described using geo-
metric shapes such as spheres, cylinders, toroids and
cones. The size, shape, thickness and other details of
the structure were determined by the equations of the
above geometric surfaces. These equations eventually
transformed into a set of dimensions in terms of length,
width, height and thickness. These were developed se-
parately for each section of the temple. The structure
was divided into 9 segments described relative to the
center of the coordinate axis by an angle of 40 degrees
to form a simple regular decagon. The lotus flower con-
sists of 27 concrete “petals” clad in white marble.

By establishing rules of arrangement and sha-
pes, the order read in the most exposed projection be-
comes a carrier of meaning. The sources of the spatial
code arise primarily from structural considerations. The
appropriateness of pattern and building in them must
be understood as a mathematical transformation of
natural inspiration - which is not so much an observa-
tion as an idealization. The principles of proportionality
change, but the principles of creating patterns for them
do not change.

2.2. Science Center in Glasgow, Scotland
The building, designed by Building Design Part-
nership, is located in a harbor promontory setting that
allowed the organic form to be exposed. The creators
were not accidentally inspired by the shape of the shell.
Taking advantage of environmental conditions to incre-

Fig. 4. Lotus Temple, New Delhi, India, project Fariborz Sahba, 1986; source: http://www.eioba.pl
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Fig. 6. Serpentine Gallery Pavilion 2002, London - Next steps in generating the construction system; source: openbuildings.com
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ase the efficiency of buildings was one of the main po-
stulates underlying the idea. The proper development
of architecture comes with the increase of its adapta-
tion to serve man through beauty and utility. For it to
occur the concepts of form and function should not
be treated in opposition, but should complement each
other. Beauty in architecture was defined in this way
already by Vitruvius in the verses of his treatise by the
three main qualities of firmitas, utilitas, venustas, that
is, durability, utility and beauty, respectively [Vitruvius
1956, s.16]. The building should be both fully beautiful
and fully usable. The science center optimizes the pe-
netration of natural light, and the outline of the slate roof
reflects the sun’s migration over the horizon. The glossy
covering reflects southern light, minimizing the green-
house effect. The entire structure resembles a natural
object not only in shape [J. Styk 2012, s.144].

2.3. Serpentine Pavilion

The Serpentine Pavilion already has a perma-
nent place in the history of modern architecture. Eve-
ry year since 2000, a different architect or studio has
created a vision for a temporary summer pavilion in
Kensington Park. This is always an important event for
the world of architecture. Toyo Ito i Mutsuro Sasaki’s
aim during the work on the Serpentine Gallery Pavilion
2002 project, was to achieve a form that looked as ran-
dom as possible.

To do this, they used simple mathematical rela-
tionships already described in a theorem in Book XllI
of Euclid’s Elements on the transformation of square
geometry. The construction of the pavilion began with
the division of the figure, determining the object’s outli-
ne, by means of segments that are fragments of the
same figure, but rotated by a certain angle. The next
step was to type in a rotated square - typing another,
smaller one also rotated into it. Fragments protruding
beyond the square into which they were inscribed were
discarded. This arrangement was repeated seven ti-
mes (Fig. 6). As a result, a structure was created, giving
the impression of a completely random division of the
surface by lines, such as the grid of cracks in the ice
cap. However, it is in fact a system of interdependent
frameworks, representing an efficient structural system
[R. Tarczewski 2011, p. 255]. The authors even state
that: “our goal became to find a rule, an algorithm that
would generate chaos, with its inherent beauty, but po-
ssessing a hidden deeper order.”

CONCLUSIONS

New technologies do not stand in opposition to
the classical notion of beauty, but offer the possibility of

finding and developing it through new forms, for which
the rules of harmony, geometry and proportionality are
as relevant as in ancient times. Knowledge and philoso-
phy have undergone changes since classical times, but
the end result of inquiry is the same: number conce-
ived as a mathematical principle is the basis of all forms
measurably knowable by the senses, in which organic
and inorganic matter is formed. Nowadays, technically,
practically nothing limits us, but the concept of beauty
in its classical formulation is still as important as it was
for our predecessors. Ancient philosophers and archi-
tects devoted themselves to numbers and the relation-
ship following them to bring them to perfect propor-
tions. Today, in the digital age we get new opportunities
to use the originally defined patterns.

The resource of nature’s technology today is
a new source of inspiration for designers who would
like to move in the direction of using digital design to-
ols that mimic natural formative processes. Engine-
ering technologies can be abstracted from biological
systems and translated into architecture. However, this
process, known as biomimetic, requires an interdisci-
plinary approach to the design process.

Using examples of realizations of architectural
objects determined by nature, the benefits of adapt-
ability of their geometric forms for the search for optimal
architectural forms are revealed. Design possibilities
make it possible to create objects with more complex
structure and form. Using digital tools in the process of
searching for beauty of form in architecture reveals new
perspectives. The complexity of this process is seen
as a reflection of contemporary architectural trends,
while at the same time emphasizing the sign of the
times. Nature invariably remains its key element and in-
spiration.
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