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A Study of the Influence of Shape Grammar on Architectural Form
focusing on the aesthetic value of architectural form created by shape grammar
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Abstract

Although shape grammar has been researched for nearly 50 years, its potential in architectural
design remains far from being exploited. Shape grammar can be used to describe and
understand the architectural design language of certain buildings and generate new
architectural forms through regular combinations of shapes. The object of this study is the
shape-generating properties of shape grammar. Shape grammar, as a design language of shape
generation, has the influence and value on architectural form and is the focus of this study. In
this paper, shape grammar is explored from two aspects of form value and aesthetic value. Its
influence on architecture's form generation and aesthetics is analyzed based on the theoretical
knowledge of cognitive science and neuroaesthetics. The results demonstrate that shape
grammar can help generate architectural forms while positively inducing the occurrence of
aesthetic preferences. The shape-generating properties of shape grammar can be applied to
architectural forms, addressing the limitations of traditional design methods relying on
inspiration or experience. Moreover, shape grammar, as a beautiful design language, can more
actively stimulate the occurrence of aesthetic preference by emphasizing the visual features
contributing to aesthetic preference (grouping, symmetry, and processing fluency). It can be
concluded that shape grammar not only addresses the limitations of traditional architectural
design methods but also makes forms more attractive. The purpose of this study is to
recognize the shape-generating value and aesthetic value of shape grammar, give full play to
its value in the field of architecture, and guide the design of architectural forms.

Keyword

Shape grammar, Architectural form, Shape generation, Aesthetic preference, Supernormal
stimulus
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1. Introduction

Evidence from cognitive science suggests that
the separation of cognitive ability and expression
ability driven by the existence of isolation in the
brain limits people's ability to create shapes (Lyu
Xin & Cho Taigyou, 2019). The process of
perceiving architectural forms is easy while the
process of creating forms is relatively difficult
(Wei Ranran & Cho Taigyoun, 2021). As a result,
traditional  architectural forms are frequently
designed by imitating natural shapes or using
experiences or  associations as  inspiration.
However, it is difficult to make good designs
without inspiration or experience. Two thousand
years ago, the Roman architect Vitruvius
emphasized beauty as one of the three central
aspects of architectural design. The beauty of
architecture belongs to the realm of the artificial,
and many architectural designs are inspired by
the human body or body parts (Semir Zeki,
2019). One of the most famous definitions of
beauty by Edmund Burke is that beauty is a
certain  characteristic  of the body that
mechanically acts on the human brain through
sensory intervention to a large extent (Edmund
Burke, 1767). Aesthetics involves the essence
and expression of beauty (Gourav Nandkishor
Vinchu et al., 2017). It is a set of principles that
architects follow to design pleasant architectural
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4, The Value of Shape Grammar to
Architectural Form

4-1. Generative Value of Architectural Form

4-2. Visual Stimulation of Aesthetic
Preference

5. Condusion

References
forms. Gourav  Nandkishor Vinchu et al.
emphasized that anyone can master the

philosophy of aesthetics by following some key
aesthetic principles (such as Symmetry, Balance,
and Pattern).

Shape grammar is a set of shape rules
created by George Stiny and James Gips in
1971. Shape grammar was initially proposed for
painting and sculpture and was later applied to
other fields such as architecture. The shape
grammar spans nearly 50 vyears while its
potential  for artisticc,  architectural, and
engineering practice and education remains
untapped (Buthayna Eilouti, 2019). Shape
grammar can be used to describe and
understand the design language of certain
buildings and generate new architectural forms
through regular combinations between shapes.
Nonetheless, shape grammar has been used to
describe and understand some  architectural
design languages in the past, and its
shape-generating properties are still a relatively
unexplored field in the research of architectural
forms.

In this study, the shape-generating properties
of shape grammar and their influence on
architectural forms are investigated from two
aspects: the generation of architectural forms
and aesthetic preference. First, the literature



related to architectural forms and shape
grammar is reviewed. Besides, the aesthetic
preferences for shapes are analyzed from a
neuroaesthetic perspective, and the general visual
characteristics  promoting the occurrence of
aesthetic preference are summarized. Finally, the
value of the generation characteristics of the
shape grammar to the architectural forms from
the results of the students' works is analyzed.
The results suggest that shape-generating
properties of shape grammar can produce
surprisingly complex shapes through simple rules.

based on shape operations, can be adopted to
summarize the morphological rules of buildings
and generate new architectural forms by
combining  relationships  between shapes or
spaces. Shape grammar can be regarded as a
design language to support the generation of
architectural forms. Additionally, shape grammar
can apply visual features that stimulate the
occurrence of  aesthetic  preferences in  a
supernormal  stimulus  in  the process  of
generating architectural forms. It can activate its
neural mechanisms more powerfully and evoke

Moreover, shape grammar, as a design language direct emotional responses. Therefore, shape
[Table 1] Inspiration of Architectural Forms

Inspiration_of Architectural Forms

Hotel and Residences for Lusail City Milwaukee Art Museum

Architectural Shape Inspiration Architectural Shape Inspiration

Cistanche

Seabird

Image source: www. googel.com(2021.03.17)

Hex Towers

Burj Al Arab

Architectural Shape Inspiration

Architectural Shape

Inspiration

Honeycomb Sailboat
Image source: www. googel.com(2021.03.17)
The Palm Jumeirah Pyramide du Louvre
Architectural Shape Inspiration Architectural Shape Inspiration

Palm

Pyramid

Image source: www. googel.com(2021.03.17)
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grammar has a positive impact on architectural
forms. Hopefully, this study can provide a minor
contribution to the application value of cognitive
shape grammar in architecture and guide the
design of architectural forms.

2. Shape Grammar and Architectural
Form

2-1. Methods of Generating Architectural Form

The Bauhaus education method, which
occupies an  essential  position in  design
education, is based on the premise of feeling
and experience. Depending on the practice in
the design studio, the design method can be
optimized by exploring more possibilities through
enough experience and feeling. In this system,

students can explore correct answers or
processes to solve problems (G. James
Daichendt, 2010). Zhong Feifeng generated

architectural forms by adding, subtracting, and
deforming basic geometric  shapes  (Zhong
Feifeng, 2018). In this process, the designer has
gone through constant trial and error. This
infinite  decision-making  process  eventually
evolved into an exercise in choosing interests
and concessions (Eduardo Souza, 2005).

The architectural bionics proposed in the
middle of the 20th century is to draw inspiration
from nature, imitate and replicate the shape of
biological organisms as the inspiration for
architectural design (Chiu Wangting & Chiou
Shangchia, 2010). Table 1 lists some architectural
forms imitating natural shapes, such as Hotel
and Residences for Lusail City (Cistanche),
Milwaukee Art Museum (Seabird), and The Palm
Jumeirah.  Natural  shapes inspired  these
architectural forms. Lyu Xin and Cho Taigyoun
(2019) dassified the methods of generating
architectural forms from cognitive science into
three categories: directly or indirectly imitating
natural shapes, designing using geometric shapes
(mathematical structure), and designing through
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experience and cognitive awareness
(symbolization) (Lyu Xin & Cho Taigyoun, 2019).
The ability to perceive shapes is formed
automatically, but not for the ability to generate
shapes (Wei Ranran & Cho Taigyou, 2021). This
is in that isolation in the brain leads to the
separation of cognitive ability and expressive
ability and thus limits people's ability to create
shapes (Lyu Xin & Cho Taigyoun, 2019).
Therefore, traditional methods of architectural
form generally rely on inspiration or feeling to
imitate design.

2-2. Introduction of Shape Grammar

George Stiny, an American designer and
computer theorist who is teaching the
Department of Architecture at MIT, first

introduced the concept of shape grammars in
1971 in an article with James Gips, a professor
of computer science at Boston College (George
Stiny & James Gips, 1972). Shape grammar is a
method of generating forms with specific shape
rules and using shapes as primitive.
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[Figure 1] (a) Shape rules, (b) initial
shape (George Stiny, 1980)

= =
shape rule 1 shape rule 2

[Figure 2] Generation of a shape using the shape
grammar of figure 1 (George Stiny, 1980)

¥ O

[Figure 3] Some shapes in the language defined by
the shape grammar of figure 1 (George Stiny,
1980)
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shape rule 1




The primitive shape is first applied, followed
by the shape rules. The result of applying a
shape rule to a given shape is another shape
consisting of the given shape with the right side
of the rule substituted in the shape for an
occurrence of the left side of the rule. The
primitive shape b in Figure 1 is embedded in a
square by rule 1. The shape generated after
three iterations is illustrated in Figure 2. The
shape combination rules in Figure 1 are
continuously repeated, and the final generated
shape is exhibited in Figure 3. The rules are
based on geometric transformations (namely,
translation, scaling, rotation, reflection), allowing
one shape to become part of another shape. It
can be used as an analysis tool to decompose
complex shapes or as a shape-generating tool to
generate complex shapes starting from simple
ones (Eleftheria Fasoulaki, 2008).

2-3, Shape Grammar in Architectural Form

Shape grammars were initially proposed for
painting and sculpture (Stiny & Gips, 1972; Stiny
& Gips, 1978). Early examples focused on
two-dimensional works. Shape grammar began
to shift from two-dimensional works to
three-dimensional  spatial grammar since it
provided formalism for innovative design (Stiny,
1980). Moreover, it exerted a significant impact
on architectural design. In the early days, shape
grammar was widely used as a design language
to describe and understand the diversity of
architectural forms rather than to create new
buildings (Terry W. Knight, 1991). In the early
1990s, shape grammar was adopted in the
teaching of architectural composition.
Architecture students at MIT, Harvard, UCLA, and
Yale adopted shape grammar to understand the
architectural design language of certain buildings
and made various modifications to generate their

new language (Bojan Tepavlevic & Vesna
Stojakovi¢, 2012). Frederick Froebel's
kindergarten approach was well-known to

architects and designers (Mac Cormac, 1974).
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Children utilized blocks in free play to design
new forms through repeated experimentation
(Stiny, 1980). Later, shape grammar was brought
into the design studio and architectural practice
to reach its full potential. Stiny analyzed the
kindergarten education method and proposed a
new method that can add blocks to the
architectural design. Meanwhile, this method
provides some guidance that the combination of
blocks should be adopted where that is to
develop a grammar for the original design
language. Stiny's proposal "develops the idea
that a language of designs can be defined from
scratch by rules applying to a vocabulary of
building elements" (Stiny & Mitchell, 1980).
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shaps rubes shape rules

[Figure 4] Shapes with Shape Grammars (George
Stiny. 1980)

Koning and Eisenberg (1981) used shape
grammar to make their program generate all the
prairie houses designed by Frank Lloyd Wright
and other houses that are different but look like
architects' works (Koning & Eisenberg, 1981).
The specified shape grammar can also generate
houses in the Queen Anne style (Flemming,
1987). Shape grammar has a powerful ability to
analyze forms and generate shapes. In addition
to being used to interpret architectural forms, it
can also be employed to produce new
architectural forms through shapes. Moreover,
original or novel designs can be generated using
shape grammar to combine elements through
different rules. Figure 4 illustrates four simple
rules in the shape grammar that lead to the



generation of extremely different shape rules by
changing the position of the labels on the
shapes. The combination rules between shapes
determine the formation of spatial relationships,
and different spatial combination rules drive
different final forms. It is the value of shape
grammar in shape-generating.

3. Visual Aesthetic Preference

3-1. Visual Aesthetic Preference of Architectural
Form

Visual perception is the primary source of
information. According to research, more than
80% of human information is obtained through
the visual system. Therefore, shapes conforming
to the brain's visual cognitive habits would be
aesthetically pleasing and recognized as beautiful
(Lyu Xin & Cho Taigyoun, 2019; Wei Ranran &
Cho Taigyoun, 2021). The visual system is
sensitive to features such as contrast, grouping,
and symmetry (Ramachandran & Hirstein, 1999).
The visual factors (perceptual fluency, symmetry,
and grouping) that can promote aesthetic
preferences and the conditions that can promote
the generation of aesthetic preferences are
summarized in Table 2. A prominent idea in
visual aesthetics is the notion of fluency (Reber

some complexities yet are orderly and easy to
handle. A higher perceptual fluency also leads to
a higher evaluation of beauty (Rolf Reber et al.,
1998). Recent studies have also demonstrated
that the relationship between complexity and
aesthetic preference is an inverted U-shaped
curve (Nadal et al., 2010). There is a connection
between aesthetic preference and the complexity
of visual organization (Alexandros A. Lavdas,
2020). Besides, people generally  prefer
architectural  forms  with  moderate  visual
complexity (Frith & Nias, 1974; Leder et al.,
2004, Dosen & Ostwald, 2016).

Symmetry also contributes to fluency and
aesthetic preferences (Wilson &  Chatterjee,
2005). Symmetry is considered the key to natural
and artistic perfection (Harold Osborne, 1986).
The aesthetic preference for symmetry evolved
into reproductive adaptability for human survival
(Alexander V. Voloshinov, 1996). Symmetry
majorly includes translational symmetry, rotation
symmetry, and scaling symmetry (Hermann Weyl,
1952). Compared with simple  geometric
symmetry, relative diversity symmetry can
promote the occurrence of aesthetic preference.
Grouping is the basic principle of Gestalt,
describing the process by which the visual
system sorts repetitive and related information
(Alexander, 2002). Grouping features (such as

et al., 2004). People prefer shapes that have | color or form) trigger synchronous action
[Table 2] Visual Features that Promote the Occurrence of Aesthetic Preferences
Visual Features that Promote the Occurrence of Aesthetic Preferences
Visual Features Conditions Researchers
Reber et al, 2004; Rolf Reber et
Both complex  and orderly; al, 1998 Nadal et al, 2010;
Fluency moderately complex Alexandros A. Lavdas, 2020; Frith &
Nias, 1974; Lleder et al., 2004,
Dosen & Ostwald, 2016
Alexander V. Voloshinov, 1996;
Translational ~ symmetry,  rotation Harold Osborme, 1986; Hermann
Symmetry symmetry, scaling symme'try otc Weyl, 1952; Wilson & Chatterjee,
! T 2005; Ramachandran & Hirstein,
1999
. Repetitive and relevant arrangement A!exapder, .2002; Ramachandran &
Grouping of visual information Hirstein;  Singer & Gray, 1995;
Ramachandran & Hirstein, 1999
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potentials  between interconnected  neurons
responsible  for  processing  these  features
(Ramachandran & Hirstein, 1999; Singer & Gray,
1995). These visual mechanisms may modulate
the pleasurable responses associated — with
viewing the ordered patterns of forms and colors
in buildings (Alexander, 2002).  The
above-mentioned visual features can actively
contribute  to the occurrence of aesthetic
preferences. The universal visual features
inducing the occurrence of aesthetic preferences
may even more actively promote the occurrence
of aesthetic preferences for architecture when
being applied to the design of architectural
forms.

3-2. Aesthetic Preference as Supernormal
Stimulus

In the expanding field of cognitive science,
there is a strong interest in neuroaesthetics. In
the book "European Art: A Neuroarthistory,"
Jhon Onians outlines how art reflects cognitive
patterns and evolves neural networks in people
of different cultures and environments from
Paleolithic to modern times. In the monumental
four-volume treatise "The Nature of Order",
Alexander relates some of the latest discoveries
in evolutionary biology to architecture to discuss
the need for bio-spheric beauty. Evolutionary
development has enabled us to survive and
thrive by adopting certain specific preferences for

beautiful natural things. The supernormal
stimulus  was proposed by biologist Niko
Tinbergen in 1970 based on the courtship

behavior of animals. Biologist Niko Tinbergen
discovered that animals exhibit courtship behavior
following certain traits in their courtship partners.
If these characteristics are amplified, courtship
behavior becomes more intense. These features
are called supernormal stimuli. For example,
oystercatchers prefer artificial eggs that are larger
and more distinctly spotted instead of their own
normal-sized eggs (Niko Tinbergen, 1951).

Organisms would exhibit a preference for the
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stimulating properties of natural evolution, such
as size and color. Animals exhibit behaviors that
favor artificial stimuli over naturally occurring
ones when artificially exaggerated stimuli are
present (Dave McFarland, 2014). Harvard
psychologist  Deirdre  Barrett  believes  that
supernormal stimuli have a powerful effect on
human behavior. Make-up is also a direct
example. Make-up can change facial symmetry,
skin texture, color, and perception of feature
contrast (Etcoff et al, 2011). This can be
explained that symmetrical faces appear to be
healthier, and people prefer symmetrical faces
(Little et al., 2011, Rhodes, 2006; Thornhill &
Gangestad, 1999). Moreover, women are
considered more attractive when wearing high
heels than without high heels (Paul H. Morris et
al., 2013). This is because high heels act as a
supranormal  stimulus ~ exaggerating ~ some
gender-specific elements of female gait (Paul H.
Morris et al., 2013). Supernormal stimulation can
best stimulate the brain's visual area. This effect
can be applied to human pattern recognition
and aesthetic preferences. Designers can grasp
the essence or characteristics of something to
evoke a direct emotional response. This process
mimics what brain regions have evolved and
more powerfully activates the neural mechanisms
initially ~ activated by  primitive  objects
(Ramachandran & William Hirstein, 1999).

4. The Value of Shape Grammar to
Architectural Form

4-1, Generative Value of Architectural Form

Generally, traditional modeling design methods
rely on inspiration or experience. However,
inspiration is a sudden state of mind. The
process of finding inspiration may be a
momentary thought or a long and painful
process. Experience indicates achieving the
purpose of optimized design by exploring more
possibilities  after continuous trial and error.



Therefore, a design method based on inspiration
or experience will bring a limitation that it is
difficut to make good designs without
inspiration or experience. In fact, the design
process is also a methodology to break away
from inspiration. Because a lot of data needs to
be resolved. If the design concept is not based
on data analysis, it is difficult to be convincing.
The reason why architecture needs a diagram is
also because they need to be based on data.
Design concepts can be put forward through
data analysis, but there are many difficulties
when converting concepts into architectural form.
If combined with shape grammar, good results
can be achieved by taking advantage of its
shape-generated properties.

Shape grammar can provide inspire the
generation of architectural forms. It can be
employed not only to analyze the architectural
form  systematically and  summarize its
morphological rules but also as a design
language for architectural forms generation to
solve the pain of no design inspiration. Using
shapes as basic elements, new form designs are
generated with grammar. Various shapes can

[Table 4] Forms Generated by Shape Grammar

[Table 3] Rules for Shape Generation

Initial Shapes

Grammar 1 (A — B) Grammar 2 (B — A)

B rg. e A i T
1 r - -; e L — v B
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Design in Grammars
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also be generated through differences in
connection positions and rules. In an experiment,
shape grammar was applied to the teaching
process of a design studio at Hongik University
to explore the impact of the generative
properties of shape grammar on architectural
forms. Table 3 presents an illustration of the
shape grammar rules during the teaching

process. First, two different original shapes a and

Forms Generated by Shape Grammar

Grammars L '
..-l:i__
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b are set, and red stickers are put on the
corners of shape a and shape b to help
distinguish the direction of the shape. Then, two
connection rules are set through the shape of a
and b. Shape b connected to shape a is called
grammar 1. Similarly, shape a connected to
shape b is called grammar 2. Shapes a and b
are joined by the two rules of the connection
rule. This action is repeated over and over again
to form the final form.

The forms in Table 4 are generated by
students using shape grammar in the teaching
process. The shape grammar explained in Table
3 is Learned, and the original shapes a and b

are used to formulate the connection relationship
between the two shapes. Then, shapes a and b
are connected by rules 1 and 2 to generate the
final architectural form. The resulting final form
suggests that the final form is also different by
changing the position of the shape connection
and the regular changes, though the size and
material of the shape are not much different.
Shapes a and b are treated as spaces a and b.
Similarly, their spaces are connected by two
connection rules. The generated form is
interpreted through architectural techniques (such
as architectural elements and materials). As a

[Table 5] Application of Shape Grammar in Architectural Forms

Application of Shape Grammar_in_Architectural Forms

Grammars

-

Gramar 1 G

Design in

Grammars

Architectural

Transformation %

[Table 6] Analysis of Visual Features of Architectural Forms Generated by Shape Grammar

Analysis of Visual Features of Architectural Forms Generated by Shape Grammar

ot

Architectural Forms

oy

Symmetr | Translational | Translational | Translational | Translational | Translational | Translational
y Symmetry Symmetry Symmetry Symmetry Symmetry Symmetry
Visual | Groupin
Featur | g o o o o o o
€S Processin
g o [ J [ ] o o [ J
Fluency

435



result, its shape can be used in architecture to
produce the value of its architectural form (Table
5). This is the value of shape grammar in the
generation of architectural forms, enlightening
the design of architectural forms.

4-2. Visual Stimulation of Aesthetic Preference

Shape grammar focuses on grammar like
other grammars (Arus Kunkhet, 2015). Shape
grammar emphasizes that form is generated by
strict deduction of certain rule. In the process of
form generation, the order is formed through
rules. In the process of repeated deduction of
rules, the combinatorial relations between their
shapes are repeatedly emphasized to form
grouping relations in the way of translational
symmetry. Table 6 presents the architectural
forms generated by shape grammar. The visual
characteristics of architectural forms are analyzed.
Multiple shapes can be grouped into a group
through repeated combinations of specific rules.
The rules continue to be repeated, resulting in
the group translational symmetry of the
architectural form. In architectural aesthetics, the
visual systems of humans generally have a
positive sensitivity to forms with symmetry,
grouping, and perceptual fluency. It is also easier
for the forms with these characteristics to induce
humans' aesthetic preferences.

Our perception of beauty is formed
automatically. The brain can easily tell beautiful
things or shapes. Nevertheless, it is difficult to
create beautiful things or shapes. In the process
of shape generation, shape grammar applies
visual features that easily induce visual aesthetic
preference to the visual features of architectural
form by means of emphasis or exaggeration.
Therefore, the architectural form generated by
the shape grammar will exaggerate the visual
expression of aesthetically sensitive features in
the final form. This process can more forcefully
activate the neural mechanisms that originally
had primordial form activation. Thus, more
actively induce the occurrence of aesthetic
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feelings. This visual property of shape grammar
can be applied to pattern recognition and
aesthetic preference stimulation of architectural
form. Architects can grasp the visual essence or
characteristics  stimulating  aesthetic  preference
and apply them to the design of architectural
forms to evoke direct emotional reactions.

5. Condusion

In this paper, the shape generation value and
aesthetic value of shape grammar were analyzed,
followed by the positive influence on
architectural  forms.  Architectural  design is
essentially a scientific and artistic creative activity.
The form design of the architecture is the most
direct way to express the architecture. The
building must meet the aesthetic needs of
people while satisfying the wuse function.
Therefore, creating architectural forms more
efficiently and making the created forms more in
line  with people's aesthetic needs are
emphasized in the architectural design. This
paper proposes to recognize the shape value
and aesthetic value of shape grammar and play
its application value in architecture.
Simultaneously, it would provide a new method
for the creation of architectural forms. Shape
grammar is a design  language  for
shape-generating and beauty. It can be
employed to improve the limitations of traditional
methods of form design relying on inspiration
and experience and enhance the aesthetic
preference of architectural forms for people.
However, it should not be blindly treated as a
mechanical means of generating architectural
forms. The use function of the space and the
coordination with the surrounding environment
need to be fully considered, as well as the use
and function of the space and the coordination
with the surrounding environment, so as to
perfectly realize the value of the Architectural
itself.
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