H buildings

Article

An Insight into the Educational Buildings of the First National
Architecture Period in Turkey Based on Egli’s Architectural
Design Language: Development of a Grammar-Based Model

Beyhan Elhaman *

check for
updates

Academic Editor: Li Yang

Received: 28 March 2025
Revised: 5 June 2025
Accepted: 7 June 2025
Published: 12 June 2025

Citation: Elhaman, B.; Palabiyik, S.
An Insight into the Educational
Buildings of the First National
Architecture Period in Turkey Based
on Egli’s Architectural Design
Language: Development of a
Grammar-Based Model. Buildings
2025, 15,2025. https:/ /doi.org/
10.3390/buildings15122025

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

and Serkan Palabiyik

Faculty of Architecture, Department of Architecture, Balikesir University, 10100 Balikesir, Turkey;
serkan@balikesir.edu.tr
* Correspondence: beyhanelhaman@gmail.com

Abstract: The objective of this study is to analyse the principles of educational buildings in
the First National Architectural style in Turkey by examining the works of Ernst A. Egli,
who is considered one of the pioneers of the modernisation process during the National
Architecture Period. To this end, shape grammar was selected as the most appropriate
method, as it offers the potential to analyse design languages and produce similar or hybrid
designs within this language. The method was first developed by Stiny and Gips in the
1970s with the objective of defining design rules through an algorithmic process. In line
with this methodological framework, the study employed a typological analysis of Egli’s
educational buildings to derive shape grammar rules. These rules were then presented
as input to the design process, with a hybrid application that explores potential design
alternatives in accordance with Egli’s design approach by adopting parametric modelling
methodology. The findings of the study are discussed comparatively with the buildings of
other architects of the period. In this context, the analysis of Egli’s buildings reveals that
his designs are compatible with the contemporary architects of his period. Accordingly, a
design language that reflects the characteristic features of the First National Architecture
Period is presented.

Keywords: educational buildings; Ernst Arnold Egli; first national architecture style; form
generation; shape grammar

1. Introduction

The nationalisation movement that originated in the West began to affect Turkey
towards the middle of the 19th century. The political, social, and economic decisions taken
after the Second Turkish Constitutional Period also shaped the architectural environment
of the period. As a result of these effects, a new architectural period, the First National
Architecture Period, emerged [1].

In the period of modernisation that Turkey was undergoing at the time, a number of
architects, including Giulio Mongeri, Ernst Egli, Bruno Taut, Kemalettin Bey, Vedat Tek, and
Martin Elsaesser, were responsible for the construction and urban planning of a number
of buildings in the country. These included public buildings, educational buildings, and
housing projects in addition to urban planning studies that were implemented in a number
of cities, particularly Ankara and Istanbul [2]. Especially in this period, great importance
was given to the design and construction of educational buildings. This is due to the
fact that one of the main objectives of the period was to develop education policies. It
was believed that the development of educational buildings would increase the level of
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modernization of the society. Consequently, a multitude of school buildings of varying
scales and qualities were constructed [3].

At the beginning of this process, Turkish architects played an important role in the
design of educational buildings. For instance, Kayseri Develi High School was designed
by Stileyman Unutulmaz, Gazi and Latife Schools by Mukbil Kemal Tas, Gazi Primary
School by Necmeddin Emre, and Konya Boys” and Girls” Teacher Education School by
Muzaffer Bey [2,4,5]. Mimar Kemalettin, a prominent architect of the period, is credited
with the design of several educational institutions, including Bostanci, Onuncu Yil, and
Mimar Kemal primary schools; Resadiye and Karaaga¢ secondary schools; Gazi primary
and secondary school; and Daru’l Muallimat [6,7]. Additionally, numerous educational
buildings of unknown architects were constructed during this period.

This architectural understanding was criticized in the period following the establish-
ment of the Republic in 1923, as it exhibited characteristics of the Seljuk and Ottoman
styles, which contradicted the republic’s innovative and modern agenda. This criticism was
interpreted as a return to the classical Ottoman style. For this reason, following the 1930s,
with the request of Atattirk, the president at the time, the architectural understanding of
the period was given to foreign architects, and a variety of styles began to emerge within
the historical development of Turkish architecture [8].

At this point, Ernst A. Egli initiated a significant transformation in Turkish archi-
tectural practice with his design of the Gazi Institute of Education, thereby playing a
pivotal role in the emergence of the modernization process. Moreover, Egli stands out
among the foreign architects not only for his architectural works but also for his contri-
butions to the modernization of architectural education in Turkey. Additionally, he is
regarded as a pioneering figure in the field, having conducted numerous theoretical and
practical studies in architecture. In this context, his works and academic contributions
are regarded as a significant aspect of Turkey’s modernization process. In particular, it
is evident that he played a pivotal role in the transition to the new architectural era, ex-
emplified by his adoption of the principles of modern architecture in the design of over
15 educational buildings such as the Music Teacher’s School, Ankara High School for Girls,
and Ankara Ticaret High School he implemented during this period. Therefore, this study
was limited to Egli’s educational buildings, as he played a pioneering role in initiating the
modernization process.

In this context, the principal objective of this study was to present a perspective on
the architectural design understanding of the educational buildings of the First National
Architectural Period during the modernisation process. This was to be achieved through a
formal analysis of Ernst A. Egli’s projects. Furthermore, the investigation established new
design possibilities through the design language obtained by analysing Egli’s educational
buildings and defining his design approach.

Accordingly, the present study explored Egli’s educational buildings through the shape
grammar approach [9], with the objective of achieving a systematic understanding of the
spatial organisation, formal strategies, and decision-making processes in his designs. Shape
grammar is a widely used method to understand the planning and syntactic information
underlying spatial arrangement, enabling the development of systematic solutions to
complex design problems. By analysing Egli’s modernist approach, the study sought to
digitally reproduce his design principles and generate variations based on them. This
method was employed to establish shape grammar rules for the spatial arrangement of
modules commonly represented in educational buildings and to expand their scope of
application by providing a basis for new educational building designs. The paper makes
an innovative contribution to the understanding and the modernisation process of the First
National Architecture Period in Turkey through a formal analysis of Egli’s architectural
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works. Additionally, it introduces a hybrid application, adopting a parametric modelling
methodology as an alternative to the static approaches of previous GhPython models.
This integration of the Python programming language (GhPython 0.6.0.3) into Rhino
7—Grasshopper 1.0 allows for the generation of a wide range of design alternatives.

In this regard, the following section addresses Ernst A. Egli’s position in the new
architecture period, his architectural design approach, his own works, and his role in the
development of modern architecture in Turkey. The basic features of shape grammar, a
computational design method, is also presented in this section. Section 3 provides a detailed
account of the materials employed and the methodology adopted in the study. In Section 4,
an analysis of Egli’s 11 applied educational structures are presented for the grammar rules;
we developed a parametric shape grammar in line with these rules. In the For the Section 5,
the findings regarding the architectural characteristics of the educational buildings of the
First National Architecture Period were evaluated based on Egli’s architectural character
in his educational buildings, and comparative analyses with contemporary architects of
the period were conducted, leading to a typological classification. Finally, suggestions for
possible future studies are given in the Section 6.

2. Literature Review
2.1. New Architecture Period and Ernst Arnold Egli

The concept of architecture in the founding years of the Republic of Turkey had a
significant impact on the formation of a national consciousness. During this period, a
number of changes were experienced in a variety of fields, including politics, economics,
culture, and society. The developments in architecture resulted in a blending of past values
with modern perspectives, creating a distinct architectural approach [1].

Mimar Kemalettin, as the pioneer of this period, combined traditional motifs such as
domes, pointed arches, and muqgarnas ornaments derived from Ottoman—Seljuk architec-
ture with modern building technologies. He integrated the madrasah tradition into the
modern education programme with its courtyard plan scheme. By adding modular units
around the central hall, he combined Ottoman motifs with cubic masses and modern mate-
rials [10]. Afterwards, his eclectic architectural approach was criticised for reflecting the
Seljuk and Ottoman styles. As a result, following 1927, foreign architects like Ernst Arnold
Egli, Clemens Holzmeister, and Bruno Taut played a significant role in the construction of
architectural structures in the country [1].

Under the leadership of Ernst Egli, the nationalist approach evolved into modernist
functionalism. Egli reinterpreted traditional forms in a rationalist language, emphasising
local materials and geometric simplicity in the buildings he designed [11]. This process
experienced a sharp transformation with the modernist approach introduced by Bruno Taut
in the 1930s, in which the traditional architectural language was completely abandoned;
the principles of transition from symmetry to asymmetry were adopted with a new spatial
hierarchical order based on functional requirements with cubic mass geometry, a central
entrance, and functional corridors [12].

However, Ernst Egli’s modernist architectural approach stands out as an intermediate
form that reconciles rationalist functionality with the local context, rather than a sharp
break from the symbolism-dominated language of the First National Architecture Period.
Unlike Kemalettin, Egli, instead of directly reproducing traditional motifs, integrated the
local material texture and simple geometric compositions of Anatolia with the requirements
of modern programmes. He presented historical references in an abstract language through
simplicity, symmetry, and modular repetitions [11]. This approach minimised the decora-
tive elements of national architecture and emphasised the functional role of buildings [10].
Egli’s rationalism also differed from the asymmetrical forms adopted by Bruno Taut in the
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later period: Unlike Taut, Egli balanced contextual harmony and structural utilitarianism
with the universal principles of modernism. This positioned his architecture as a dialectical
bridge between national identity and the universal language of modernism [10].

Ernst A. Egli, whose design approach also reflected the changing architectural ap-
proaches of the period, designed a considerable number of architectural projects, including
housing, education, and administrative buildings, between 1927 and 1940. During this
period, Egli was requested to analyse the existing educational buildings and propose revi-
sions in accordance with the principles of modern architecture [13]. Indeed, the primary
objective during the 1920s was to enhance educational policies. Consequently, the design
and construction of these buildings were accorded significant importance, resulting in
the erection of numerous school buildings of varying dimensions and characteristics [3].
Egli, between 1927 and 1936, served as an expert architect in the design of these buildings,
thereby playing a pivotal role in the transition to a new architectural era [13,14].

In this regard, his initial project was the design of the Gazi School of Education. With
this building, he initiated a significant transformation in Turkish architectural practice,
thereby contributing to the advent of the First National Architecture Period. Subsequently,
he designed a series of intensive buildings, including the Ankara Ticaret High School, Music
Teacher’s School, Ismet Pasa Girls’ Institute, and Ankara High School for Girls [15,16].

Egli reflected his understanding of modern architecture in his designs by adopting
the principles of contemporary architecture. He produced products in accordance with
contemporary architectural movements in Europe, with a particular focus on Ankara [13].
The buildings constructed by Ernst Egli are characterised by a number of distinctive
features, including symmetrical plans, simple facades devoid of ornamentation, rhythmic
window arrangements, flat or hidden sloping roofs, monumental-scale staircases, and a
columned arrangement at the entrance or columns several stories high on the fagade [17].

A literature search using the keywords “Ernst Egli” and “architecture” yielded four
results in Web of Science, three in Scopus, and 800 in Google Scholar. Among the
807 studies, seven of the spatial analysis-oriented studies on Egli’s architectural build-
ings were included. A subsequent analysis of the studies revealed several fundamental
similarities. The analysis revealed key fundamental similarities: a reflection of modernity,
integration of Western and local elements, the role of educational buildings in nation-
building, and the use of space for social reform. For instance, studies such as the exami-
nation of the architectural features of the Ismet Pasa Girls’ Institute [18], the discussion of
the contribution of Atatiirk Forest Farm to cultural transformation [19] and the analysis of
this settlement in terms of architectural plan and functions [20], and the evaluation of the
Faculty of Political Sciences in terms of architectural plan and location [21] aimed to reveal
the role of Egli’s architectural approach in the construction of modernity and national
identity. A study that is particularly comprehensive in this regard is Mural Erdal Dere’s
PhD thesis. In this study, the majority of Egli’s life, architectural structures, and urban
plan studies were evaluated through the new modern architectural understanding, with
a literature research component [22]. There were also variations in the focus of the issues
addressed in the studies. While Ankara Ticaret High School and Ismet Pasa Girls’ Institute
focused on social aspects such as examining the contribution of women in the formation of
the modern state [23], the restoration phases of Gazi Faculty of Education were considered
as a structure that supports social and economic transformation [24]. The literature on Egli
primarily emphasized his roles as an educator, administrator, and architect. Due to limited
archival data, analyses often rely on a single or a few accessible buildings. Despite extensive
research, there is a lack of a detailed examination of the formal relationships that define
his architectural language, particularly regarding floor plan data. This study addressed
this gap by exploring Egli’s design logic through the shape grammar method, offering a
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perspective on the formal understanding of the First National Architecture Period. The
examination was carried out through the shape grammar method briefly described in
Section 2.2.

2.2. Review of Shape Grammar Theory

Advances in computational technologies have transformed digital design and method-
ologies, influencing both practice and theory in architectural design and leading to the
emergence of new approaches [25]. One such new method is generative design, a system
that can generate design alternatives belonging to the design group. It allows the genera-
tion of possible design solutions by changing the elements, properties, or parameters of
the defined design [26]. Among the generative design methods, various approaches have
been utilized, including L-systems, cellular automata, and genetic algorithms [27,28]. In
the 1970s, George Stiny and James Gips introduced the method of shape grammar (SG),
which is a rule-based method developed in this field. In contrast to other generative design
methods, it is defined in terms of spatial relations rather than symbolic [9]. Stiny also
emphasised that a shape grammar describes certain shapes algorithmically and that each
algorithm defines a shape language [29].

Shape grammars are defined as VT (vocabulary of terminal shapes), VM (vocabulary
of marker shapes), R (rules), and I (initial shape). VT represents the set of shapes, VM is
the set of shapes to which the grammar rules apply, R defines the set of rules for spatial
relations in the form U-V, and I is the initial shape consisting of VT and VM elements,
which is called the initial [11]. In the study of shape grammar for design implementation,
the shape grammar rules are applied to the initial shape. The initial shape and the set of
applied shape rules define the shape grammar [30].

Shape grammars (SG) are a rule-based analysis method that are generally employed
for three purposes: the analysis of existing designs, the synthesis of a new design language,
and a combination of analysis and synthesis [31]. Initially, the concept of shape grammar is
the parametric design on the architectural plan [32]. Afterwards, a new design language
was developed, such as Stiny deriving kindergarten grammar using Froebel blocks [33]
and Birgiil Colakoglu analysing Bosnian hayat houses in a grammatical study [34]. In a
further study, the shape grammar method was used to analyse and reproduce Central
Asian caravanserais, highlighting the method’s analytical effectiveness [35]. Nowadays,
shape grammar has become a guiding rule for the science and theory of architectural
design [36]. For instance, Dima Abu-Aridah and Heather Ligler aimed to guide future
emergency housing designs by analysing the transformation of temporary shelters in
refugee camps into permanent housing through shape grammar [37]. Similarly, Heather
Ligler et al. developed an adaptive reuse approach that examines the process of conversion
from single-family to multi-family apartment buildings [38]. Bel¢i¢ and Eloy also developed
a methodology for generating design variations for the transformation of single-family
houses into communal living spaces for the elderly [39]. Wang et al. proposed an effective
design approach to transform failed and homogenized rural design [40]. Zhang et al.
developed a digital form generation method based on a cultural analysis of architectural
heritage in historic districts [41]. Benros et al. designed sustainable and affordable housing
based on Frank Lloyd Wright’s Prairie Houses [42]. Furthermore, Hu et al. integrated shape
grammar and artificial neural network (ANN) methods to modernise ethnic patterns [43].
These approaches, using shape grammars, generally emphasise the use of parametric
modelling and algorithms in design processes and produce modular, flexible solutions.

The use of shape grammar represents a significant tool in the study and analysis of
both traditional and modern approaches in the field of architecture [31]. In this context,
Fathima and Chithra’s study revealed that research on shape grammar has been applied in
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various fields, including theoretical, housing, urban texture, and pedagogical approaches.
Furthermore, shape grammar is regarded as an effective tool that allows architects to
systematically analyse their designs [44]. Notable examples include Sener and Gorgiil’s
modelling of classical Ottoman mosques [45], Duarte’s parametric grammars for Siza’s
Malagueira houses [46], and studies on Frank Lloyd Wright, Palladio, Wren, and Murcutt
that demonstrated its capacity to encode diverse architectural languages [32,47-49].

Shape grammar enables the analysis of both traditional design methods and digital
production techniques. Its extensible rule sets allow for the encoding of architectural
languages at multiple scales, fostering innovation through their integration with computa-
tional approaches. Recent research also highlighted its potential to reconstruct historical
design processes and generate new alternatives.

3. Materials and Methods

This study employed the method of shape grammar to analyse the educational build-
ings designed by Ernst A. Egli in Turkey. In the course of the research, a total of 11 accessible
buildings designed by Egli were selected for and included in the scope of the study. Firstly,
the plans of the buildings were drawn using AutoCAD (Version 2022) and their geometrical
and spatial features were subjected to a detailed analysis. In this process, the ground and
first floor plans of the related projects were included in the analysis, and the limitations of
the study were determined by excluding basements and roof floors from the analysis. The
floor plans analysed are given in Table 1.

This article employed a typological and shape grammar analysis in the analysis
phase and a traditional and digital form production in the synthesis phase as its primary
methodology. In this respect, the study was organised in three stages.

Firstly, the materials intended for analysis were obtained. Afterwards, a typological
analysis of the buildings was conducted. As a result of the analysis, the buildings were
classified into 4 typological groups as Linear, L shape, U shape, and courtyard shape. This
entailed a detailed examination of their physical form, space partitioning, and circulation
patterns. This analysis provided important findings on how educational buildings come
together and how they function as a whole. In addition, the coming together of the spaces
and the process of creating the educational structure formed a basis for deducing the shape
grammar rules.

In the second stage of the process, rule sets and a shape set were developed through a
formal analysis of the functions of the spaces and spatial relations. These rule sets defined
the shape grammar rules.

The structures whose grammar rules were extracted were reconstructed. The proposed
new designs were realised through two different applications. In the initial application,
design alternatives were generated in accordance with the decisions made by the designer.
In the subsequent application, a parametric model was developed in Rhino 7-Grasshopper
using the GhPython script. In the initial application, the designer selected and generated the
rules; in the subsequent application, the choices were made automatically by the computer
under user control. The resulting productions were shown as plan layouts and 3D models.

As a result of the study, Egli’s design language was defined by establishing the gram-
mar rules and possible form productions of the buildings. The utilisation of a defined
design language facilitated comparative analyses of the buildings of other architects from
the period. These analyses revealed that the designers had similar architectural languages
and that a holistic perspective on the design understanding of the First National Archi-
tecture period and the modernisation process was developed through Egli’s architectural
language. The flowchart of the study is schematically expressed in Figure 1.
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Table 1. Floor plans of 11 educational buildings used in the study [prepared by the authors].
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4. Results
4.1. Step 1: Typological Analysis of Education Buildings of Ernst A. Egli

In the analysis of the buildings, it was observed that they had a layout shaped by
the positioning of spaces around a corridor system. In this context, as shown in Figure 2,
building typologies are grouped into four main categories “Linear, L, U, and Courtyard”
based on corridor configurations. From Linear to Courtyard type, the buildings had design
constructions that ensured the continuity of each other. These forms support different
spatial and functional needs.

The architectural composition of the buildings was defined by a symmetrical plan
layout, reflecting the formal and balanced character of the period’s architectural language.
Moreover, a transition from the courtyard plan scheme of the madrasahs to the corridor
system was observed, thus preserving traditional forms while adapting to new functions.
This revealed that the period was a critical phase in the history of Turkish architecture,
reflecting the dialectic between typological continuity and transformation.

Typlogical Shape

‘Linear Shape” ‘L Shape’ ‘U Shape’ ‘Courtyard Shape’

Plan View Example

e S S nataaad [ nasatibe
e e e e o R <
N S = ".Jﬁ'_l.tl"l""r"::mg s I i
B e I - e Fo B i5 it ks
il oL P — - = CTERLITT
The plan features an I- ThejplanfeaturesanL- The plan features an U- The plan features an O-
shaped corridor. shaped corridor. shaped corridor. shaped corridor.

Figure 2. Typological analysis of educational buildings.

While differences may arise depending on whether the building serves a primary
school or university, the core spatial relationships remain consistent, influencing both scale
and design. The four ground floor typologies can combine with different upper floor
formations to meet varying needs or form distinct design groups. The upper floor layout
was defined by two rules, shown schematically in Figure 3, where “K” represents the
corridor module.

K b K K K
Linear Group Linear Group K K > K K
K
K 2 K Courtyard Group U Group
K K
L Group L Group
K > K
K K K
K > K
K K K K .
U Group L Group
U Group U Group
K K K > K
K K K K K
K > K
L Group Linear Group
Courtyard Group Courtyard Group
@) (b)

Figure 3. Formation rules on the upper floors: (a) Rule 1; (b) Rule 2.
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4.2. Step 2: Shape Rules

Egli’s educational buildings included corridors, wet areas, staircases, educational
spaces (classrooms, labs, libraries, workshops), administrative units (offices, staff rooms),
terraces, entry, conference areas, and sports halls. In order to create the grammar rules
of Egli’s educational buildings, vocabulary elements were first identified, and rule sets
were developed based on their spatial relationships. To determine the dimensions of these
elements, the plans were analysed using grids. It was observed that the buildings were
designed in a modular layout, in line with the architectural style of the period. Accordingly,
these elements were represented as two-dimensional rectangles on the plan. Since unit

7

sizes varied, 3.6 m, ‘the most common’, was adopted as a fixed size, denoted as “a” in
Figure 4, with other dimensions expressed as multiples of this size.

In the shape grammar of educational buildings, eight different sets of rules describing
the spatial relations between vocabulary elements were developed. The first rule set defined
the initial layout. Analysis showed that staircases repeated approximately every six-unit
square, guiding the formation of plan typologies. This situation is illustrated in the rule
diagram (R;A-R;p-Ric) in Figure 5, where each six-unit square is labelled as a ‘schema’. A
six-unit schema was placed after the core (R;4), followed by either a core (Ryp 1), a vertical
schema (Rqp>), or a horizontal schema (R1p3). When two vertical (Ryc1) or two horizontal
(R1c2) schemas appeared side by side, the core was added again. These rules were repeated

until a typology was defined.

Y The symbol "C" represents the stair module, and "W" represents
the wet area module. The widths are defined as "a", and the

lengths vary as "a" or "2a".

‘I’ stands for administrative module. Their width is defined as

‘a’ and their length as “a or 2a’.

v 'E’is the symbol of the educational module. Its width is ‘a” and

its length is ‘a, 2a or 3a’.

‘K.S” symbolises the conference hall module. Their width is de-

fined as ‘2.5a’ and their length is ‘3a".

width is “a/2” and their length varies according to the other mod-

ules. ‘K’ stands for corridor module and “T” for terrace module.

They are the main entrances of the building. Their width is “a’

and their length is ‘a, 2a or 3a’. ‘G’ symbolises the entrance mod-

Figure 4. Vocabulary elements used, their sizes, and definitions.
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Ria Ris Ric

Figure 5. Rules determining the creation of the initial typology.

The second rule (Ryp—Ryp) defined whether units were placed opposite the corridor
in Figure 6. In a linear shape (R4 ), one unit was opposite the corridor. In R, L, U, or
courtyard-shaped typologies varied: Ryp 1 had no opposite unit, Ryg» placed one opposite
the short block, and Ryp 3 was opposite the long block.

—

| | R2B1
K —> K
[ -
K 8 R2B.2
L L

‘
U roB3

Roa Ros

Figure 6. Rules determining the placement of spaces across the corridor, if any.

Figure 7 shows four entry rules. Rz placed the entrance on the central axis. R3p added
a canopy, either at the centre (R3p 1) or corner (R3p2). R3¢ used one- or two-way openings
from the centre (R3c 1, Rac2), while R3p defined a corner entrance. In Egli’s architectural
approach, entrances were usually defined through the projection or retraction of certain
parts of the building mass. The use of approximately one-third of the building form for this
purpose created a monumental entrance space, increasing the representative character and
spatial impact of the building.

R3B.1 | T a |
,,,,, 1
[a i C ‘L__,?,,,J

—
[
e R3B2 i %

O

R3C.1 :

1
R3C2

Rsa Rss Rsc Rsp

Figure 7. Rules defining entries.

Rules 4 and 5 analysed the spatial relationships among educational, administrative,
wet areas, and staircases. Figure 8§ shows Rule 4, which defined the spatial relation between
wet areas and stairs. In Rgp, the wet area was placed to the right (Rya 1) or left (Rga 2) of the
stairs. R4 positioned it above (Ry4p.1) or below (R4p2). Ryc separated them with a corridor,
and Ry4p placed administrative units in between.
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Figure 8. Rules determining the spatial relationship between wet areas and stairs.

Rs rules in Figure 9 show the relationship between education and administrative units.

Rsa were the rules for education, Rsg were the rules for administrative, and Rsc were
the rules for both units together. Although there are some cases where educational and
administrative units were located together, these units were generally located in separate

blocks to provide functional separation at the spatial level. This approach reflected a

rational planning approach as well as functionality.
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Figure 9. Rules determining the spatial relationship between administrative and educational units.

Figure 10 (Rg) shows the spatial arrangements at the end of the corridor. Rgp included

no space. In Rgp, two spaces were placed with unequal depths: 1/2 (Rgp1) or 2/1 (Rgp2).

Rgc shows one space was observed, equal to the total depth. Figure 11 (Ry) shows the

conference-sport hall located on one side (Rya ), two sides (R7g), the centre axis (Ryc), or

the corner axis (Ryp) of the block. These spaces were added to the buildings in the modern

architecture period and caused typological differentiation in educational buildings. Also,

the analysis of the layout of the conference-sport hall revealed that these spaces were

designed to serve both indoor users and external guests. This situation supported the

multifunctional use of the buildings.

jﬁ """ RG6C.1
EEE NN

Rea

Figure 10. Rules indicating the space placed at the end of the corridor.
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Figure 11. Rules indicating the placement of the conference room.

Finally, Figure 12 (Rg) shows open and semi-open terraces. Egli formed terraces
by recessing building masses to preserve facade integrity. In Rgya, the entire facade was
recessed along the half axis. Rgp defined terraces by setting back individual units. In Rgc, a
single block was recessed on the upper floor to create a terrace.

,,,,,,,,, il ‘ ' ‘ﬁ 0[] ‘_’TJ

Rsa Rs Rsc

Figure 12. Rules defining open and semi-open terraces.

4.3. Step 3: Form Generation

In order to verify the ability of the shape grammar rules derived in this chapter to
derive various design solutions, different floor plan layouts were generated from each
typology defined. At this point, the existing extracted rules and their transformations
showed two different applications. In the first, ground floor plans were created for four
typologies (Linear, L, U, and Courtyard) by repeatedly applying Rule R; to the initial shape.
The final layouts were formed by successively applying the remaining grammar rules, as
shown in the algorithm in Figure 13.

: H
Select the initial step | Core/ Schema,
H '

Ol ]

hema: *
. : Bring horizontal . . X H
Bring schema Bring vertical schema Bring core Select one €—
' schema '

A

Did the two schema

come next to each other?

Bring core

The cycles continue until the
typology is defined.

Define sample
typology

Define entry (Rule_3)

Define edu. and
admin. units (Rule_5)

N Define conference hall Is building defined?

(Rule_7)
Define terrace

(Rule_8) YES

Is building defined?

P2

FINISH <€

3
>

Figure 13. Algorithm defining stages 1 and 2.



Buildings 2025, 15, 2025 13 of 23

In the process of generating new alternatives, one of the core schemas, which repre-
sented the initial step, was identified. The application of Rule R; depended on individual
design decisions. Once the typology was formed, the corridor and counter units were
added using Rule R;. The resulting designs are shown in Figures 14-17 for Linear, L, U,
and Courtyard schemas, respectively.

% - T 1117171 Bl T I T T~ Ii1rird
RlA RlB
Hiiiiiiiiiii!g! Gl T T T I T ITTITITI =€l
K Ric
‘MEHHHHHHM‘ ol TP T do
BEEEEEE R EE [ TT T T TTTTITITI]
Rja Final drawing for step 1

Figure 14. Example of derivation process considering steps for stage 1 for the case study linear type.
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Figure 16. Example of derivation process considering steps for stage 1 for the case study U type.
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Figure 17. Example of derivation process considering steps for stage 1 for the case study Cou. type.

In the second stage of the derivation, the spaces were defined according to their
dimensions, and the shape rules were completed for the following rules, R3 to Rg for
placement entries, wet area, educational and administrative units, corridor ends, conference
hall, and terraces. Once the ground floor was completed, upper floors were planned based
on its layout.

In the analysis of the buildings, they typically had two or three floors above the
basement, but this study excluded basement levels and assumed a single aboveground
floor. The second stage of the derivation is shown in Figures 18-21 for the Linear, L, U, and
Courtyard schemas, respectively.
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HEEEEEEEEEEE NN EEEEEE
Final drawing for step 1 Ric,
o P PP PP TTT ol T T T EEPTTTT T 0n
HEEEEEEEE NN [T T T T TTTITTTI
RSA-SB R4A.Z
T N I I I [ MmN EEEW
NN T T T T T 11 |
Rja Final drawing for ground floor plan R Final drawing for first floor plan
8A

ﬁ}slair Dorridor Dnmmce Dvelun. Dad.un. Dcdu.un. Donf,hall Dlerrace

Figure 18. Example of stage 2 derivation for the Linear type.
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Figure 19. Example of stage 2 derivation for the L type.
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Figure 20. Example of stage 2 derivation for the U type.
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Figure 21. Example of stage 2 derivation for the Courtyard type.

In the second application of the study, it was observed that the process structured
through Rhino-Grasshopper had a complex structure, which made the methodology pre-
sented in the study difficult to understand and reproducible. To refine the visual coding, the
GhPython script language was integrated into the method due to its capacity to facilitate
architectural design, modelling, and scenario development. GhPython, a Grasshopper
extension, allows users to develop geometry-based algorithms using Python and Rhino-
ScriptSyntax (based on IronPython 2.7.9), offering clear and readable code [50].

In this application, 3D geometric models were generated by applying parametric trans-
formations to Egli’s educational buildings using GhPython 0.6.0.3. The Python language
interpreted the grammar rules, enabling the generation of novel design alternatives. The
workflow is illustrated in Figure 22.

In the initial phase, grammar rules (Rules 1-3) were defined using the Python scripting
language to generate code-based models. The process of generating new design alternatives
began with a user-defined core or schema. An analysis of Egli’s schema and the core system
showed that building typologies were form in 2 to 10 steps, setting the upper limit for rule
application. Figure 23 presents a sample of the coding structure used.

While defining the rules, it was observed that the turns from linear to L, U, and
courtyard typologies were made in the cases where at most three schemas were side by
side; if three or more schemas were used, they continued linearly. This situation was
provided by altering the parameters that can be controlled by the user in the GhPython
component. User-defined parameters are shown in Figure 24.
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Figure 22. Diagram explaining how the work in Grasshopper-GhPython works.
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negX = False
verticallsStart = False
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lastType = None
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Sv
()
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Figure 23. Part of GhPython code.
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Figure 24. GhPython user parameters.

Once the typology rules were defined in Grasshopper, corridors and opposite units
were added. Corridors were placed within the interior of each typology, integrated similarly
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to the overall form. Opposite units were then positioned according to R; rules, with separate
algorithms developed for each typology. Next, Python code segmented the diagrams into
wet areas, educational units, and administrative units using colour coding. If present, a
conference hall was added via a button using Python. The general setup of the study is
shown in Figure 25.

Add corridor

Add wet area

Figure 25. General design of the study with GhPython.

Following the conclusion of the study, the developed model was constructed in ac-
cordance with the methodology established for the ground floor. By implementing the
rules defined in GhPython, a user-controlled and flexible design process was facilitated,
depending on the initial shape. This approach highlights the efficiency and flexibility of
parametric design, showing its potential to generate innovative alternatives through rule-
based consistency and rapid iteration. However, its true value lies not only in accelerating
the process, but also in broadening architectural possibilities. Compared to traditional
methods, Grasshopper enables faster iteration, rule-based consistency, and easy modifi-
cation, making it a powerful tool for complex architectural planning. Figure 26 presents
selected examples of the new possible design outputs offered by the model.

Figure 26. Examples of final product.

5. Discussion

This study employed the shape grammar method to analyse Egli’s educational build-
ings, with the objective of gaining insight into the architectural characteristics of the
First National Architecture Period in terms of educational buildings. The data of the
buildings included in the scope of the study were collected as a result of the literature
research and subjected to an objective and analytical examination based on the principles of
shape grammar.
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As a result of the analysis, eight rule sets reflecting the fundamental design principles
of educational buildings were produced. Through the rules derived, the architectural
characteristics of the period were described in a systematic way. However, given the
varying structural characteristics of the buildings, certain constraints, including the average
size, were implemented. Furthermore, the study’s scope was constrained to an analysis
grounded in planning principles and other architectural components, for example, sections
and facades were not incorporated into the evaluation.

Considering that the buildings were designed according to a principle based on the
repetition of cores and units and divided into four different typological classifications, it
became evident that the buildings were designed in a fragmented mass arrangement, with
distinct functions allocated to separate masses. A functional distinction was made between
the educational and administrative units, and it was determined that this distinction was
organised in a hierarchical order on the floors. Once more, it was evident that function-
ality in accordance with the architectural understanding of the period was of paramount
importance, and a simple form understanding was dominant.

In addjition, the findings indicated that these structures typically exhibited a symmet-
rical configuration and a pronounced emphasis on cubic forms. In light of the architectural
characteristics prevalent during this period, it was inferred that such arrangements were a
highly favoured planning approach in that period.

In the study, the shape grammar was carried out using both traditional and Python
scripting languages. As a result of both applications, alternative designs similar to the
existing design language could be produced. It was also observed that the Python lan-
guage was successful in terms of automating and flexibly managing parametric modelling
workflows. The algorithms created with the GhPython component greatly accelerated the
design processes by enabling user-controlled and fast variation generation.

In addition to revealing his personal design approach, Egli’s shape grammar derived
from his educational buildings systematised the spatial codes of the First National Architec-
ture Period and provided a methodological basis for understanding and reproducing the
architectural language of this period in contemporary contexts. In this context, it enabled
a comparative analysis of the three main phases of transition involving an architectural
understanding of Mimar Kemalettin-Egli-Taut.

Mimar Kemalettin, one of the architects of the period, generally adopted symmetrical
and functional plan solutions in his buildings; he frequently used L, U, and rectangular plan
types. Unlike the plan typology with courtyards and porticoes seen in the classical period
madrasas, he developed a plan understanding in which classrooms were organized around
corridors [51]. In his facade design, he blended the dome, arch, and stone decorations of
Ottoman and Seljuk architecture with modern functionality to create a national architectural
language [52]. In Ernst Egli’s buildings, symmetrical plan schemes were also preferred,
but the facades were stripped of ornaments and handled with a simple approach; in
addition, modern educational spaces such as conference halls, gymnasiums, and museums
were included [17,53]. Bruno Taut, another architect of the period, moved away from the
traditional approach by adopting asymmetrical schemes in all his designs; he developed
a more modernist approach based on simple geometry and the use of modern materials,
emphasizing functionality [10,53].

In this context, as seen in Tables 2 and 3, the shape grammar rules derived from Egli’s
buildings were applied to the buildings of Mimar Kemalettin and Taut. Mimar Kemalettin
represented the traditionalist approach, Egli reflected the transitional phase, and Taut
adopted the modernist perspective. The design approaches of these three architects were
analysed comparatively for the plan layout. This method allowed the formal expressions of
different architectural approaches from the same period to be analysed through a common
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set of rules; thus, the reflections of these design approaches on spatial organization were
revealed with objective and comparable criteria.

Table 2. Analysing the grammar rules on the educational structures of Mimar Kemalettin.

Building Plan Grammar Model Shape Analysis
} L type
1: [— j Applzcable Rules: Rl.BZ /R23.3 /R3C.1 /R4D/R5A~1—
:L M “* N Rsc.1-RsB.2/Rep (New)
— .o J New Rule: Addition of 3 additional units at the end
Onuncu Y1l Primary School [54] of the corridor (Rep)
r;_:. . : _ ,:_; U type (symmetric form)
:_1 SRERE :ﬁ \ Applicable Rules:
= ;:; (=11 Ri1.B2a (New)/RiB1/R1a/R1B2.A (New)/R2B3/Raa1/
1= R3p.1/R542-R5a 4-Rsc1/Rec2
EREES New Rule: Transformation of 6-unit schemas into
‘ 3-unit sch for Ryp2 (R
Daru’l Muallimat [54] unit schemas for Ry (Rip.2a)
Table 3. Analysing the grammar rules on the educational structures of Bruno Taut.
Building Plan Grammar Model Shape Analysis

Z type (New Form)

ae das i, Applicable Ruls: R /Ry /Ric.
£ /Ria/Rips/Rica/Roa/Rac1/Ran/Rsa2-Rsaa-
L Rsc1/Rec1/R7.p/Ryp.1 (New)
New Rule: Placement of the conference-sports hall on

Faculty of Language and two corner axes in the building block (Ryp 1)
History-Geography [54]

U type (Asymmetric Form)
Applicable Rules:

RyB2/Ria/RxNew)/R1.83/R1.2/Rop3/Rsp/Ryp /Rsp 2-
R5c.1-Rsa2
New Rule: Gap between the two schemas (Ry) and
Cebeci Secondary School [54] transformation of 6-unit schemas into 3-unit schemes
for Rip2 (Rig2a)

When the plan schemes of Bruno Taut and Kemalettin Bey’s educational buildings
were analysed, it was seen that these buildings could be derived and transformed from
Egli’s design approaches by adding new rule schemas to Egli’s existing shape grammar
rules. The difference in design language with Mimar Kemalettin was especially visible
in the use of traditional Ottoman motifs in the facade arrangements. However, facade
analyses are not included in this study. On the other hand, in line with Bruno Taut’s
design approach, the conference and sports hall space, which was added to the building
during the Egli period, was continued in Taut’s projects. Although similar in terms of the
modular system, the asymmetrical design of Taut’s buildings stood out as the main feature
that distinguished him from the others. In addition, instead of the single-mass spatial
organization approach used in previous periods, L, U, or similar mass compositions were
preferred in the designs, and a common design concept was adopted in which the spaces
were placed in different parts of these masses with a functionalist approach.
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In this scope, the shape grammar derived from Egli’s educational buildings was
compared and analysed with the projects of other architects who designed educational
buildings in the same period. The analyses confirmed that the proposed method re-
flected the architectural language of the period and was replicable and applicable in
different contexts.

In conclusion, the grammar-based analysis method applied in this study systematically
defined the architectural characteristics of the period. Egli’s educational buildings reflected
the functional expectations of the period in the modernisation process. In addition, the
shape grammar study developed within the scope of the application is reproducible and
enables the sustainability and reproducibility of the characteristic identity of the period
with new productions.

Furthermore, examining the design features of the buildings in line with planning
principles increased the applicability of the method and made the process more accessible.
However, as is typical in scientific research, this study was designed within certain con-
straints and the analysis was limited by focusing on the plan layout. In this context, the
incorporation of the third dimension into the analyses will facilitate the presentation of
architectural analyses from a more holistic perspective. In this respect, it can be regarded
as a domain that necessitates enhancement.

6. Conclusions

This study examines the architectural characteristics of the First National Architecture
Period through the work of Ernst Egli by focusing on his educational buildings, which rep-
resent a significant corpus of his work. The analysis allows for an objective understanding
of the modernization process in the history of Turkish architecture and reveals the dialectic
between the traditional and the modern in a schematic framework.

Moreover, although there are differences in architectural styles and functional typolo-
gies among the architects of the period, the findings show that a common design language
was adopted within the same period. Kemalettin’s approach, which adapted the courtyard
madrasa scheme to the modern school but with functional and symbolic limitations, was
rationalized by Egli with modular corridor systems and an abstract fagade language. Taut,
on the other hand, radically transformed this stylistic grammar with asymmetrical massing
arrangements, thereby completely detaching architecture from historical references. As
emphasized by Bozdogan [10] and Batur [12], these transitions reflect not only a stylistic
but also an ideological transformation. This study makes a methodological contribution
to the literature by comparing the tangible reflections of this transformation on spatial
organization through the shape grammar method, which Ahunbay [51] and Alpagut [53]
discussed in the literature.

In this study, the shape grammar method was also used to analyse Egli’s educational
buildings, which eventually provides a framework for the planning processes of the build-
ings. A hybrid approach is employed, utilizing a combination of manual methods and
Grasshopper-based digital tools. This methodological framework provides a basis for simi-
lar research [39,55,56] that uses manual methods and aims to integrate digital tools into the
design process. The planning principles identified through the analysis and classification of
educational buildings contributes to a systematic understanding of the existing constructed
form. These principles also enable the creation of a design language infrastructure for
computational design methodologies.

In addition, the analysis provided the basic design approach of educational buildings
in the modernization process, which prioritizes functionality, showing similarities with the
plan typologies of contemporary educational buildings. In this context, it is evaluated that
the design principles obtained in the study, integrated with contemporary architectural
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approaches, have the potential to form a guiding and reference resource for educational
buildings to be built in the future. In addition, a Python-based shape grammar application
increases the effectiveness of parametric design processes with the advantage it provides in
generating and evaluating design alternatives and offers a significant potential for future
research. This method can be extended to analyse buildings with different functions or
characteristic features of various periods.

Future studies could employ genetic algorithms (GA) to optimize design alternatives
automatically generated based on shape grammar rules within the Grasshopper model, as
GA facilitate the identification of optimal solutions by refining variations in the architectural
design process according to functional, aesthetic, and performance criteria. In this context,
spatial performance analyses—such as usable area ratio (form and square meters) and
orientation (view, roads, sun)—can be conducted by defining the land area for each design
alternative. This approach can enhance both the spatial applicability and environmental
compatibility of the generated design options.

This study also provides an analytical basis for the development of computational
and artificial intelligence-based approaches in the field of architectural design. The model
developed with GhPython in this study can be a guide for new or intermediate users who
want to generate a parametric or textual code through artificial intelligence. The rules
obtained in this study form a database that can support artificial intelligence-based design
approaches. This dataset can be trained with deep learning methods such as artificial
neural networks (ANNSs), graph-based models, Generative Adversarial Networks (GANSs),
or diffusion-based generative models to develop systems that suggest new spatial arrange-
ments based on specific functional needs. Thus, using computational design methodologies,
innovative Al-supported approaches can be integrated into architectural design processes.

Author Contributions: Conceptualization, B.E. and S.P.; methodology, B.E. and S.P; shape analysis,
B.E.; writing, B.E.; resources, B.E.; review and editing, S.P,; supervision, S.P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sozen, M. Cumhuriyet Dénemi Tiirk Mimarlig; Tiirkiye Is Bankas: Kiiltiir Yaynlar: Ankara, Turkey, 1984; ISBN 975-458-078-2.

2. Aslanoglu, 1. Erken Cumhuriyet Donemi Mimarlig; Bilge Kiiltiir Sanat: Istanbul, Turkey, 2010; ISBN 978-605-550-610-0.

3. Kul, EN. Erken Cumhuriyet Dénemi flkokul Binalart. Mimarlik Dergisi 2011, 67. Available online: http:/ /www.mimarlikdergisi.
com/index.cfm?sayfa=mimarlik&DergiSayi=374&RecID=2862 (accessed on 10 May 2025).

4.  Giirsoy, E. Usak’ta Erken Cumhuriyet Dénemi ilkokul mimari yapisi: Gazi Mustafa Kemal lkokulu érnegi. Electron. Soc. Sci. J.
2019, 18, 32—40. [CrossRef]

5. Sozen, M.; Diilgerler, O.N. Mimar Muzaffer in Konya Ogretmen Lisesi. ODTU Mimarlik Fakiiltesi Dergisi 1978, 4, 117-134.

6.  Yavuz, Y. Mimar Kemalettin Bey (1870-1927). ODTU Mimarlik Fakiiltesi Dergisi 1981, 7, 35-69.

7. Balcy, A. Mimar Kemaleddin’in Edirne’deki Birinci Ulusal Mimarlik Dénemi Yapilari. Akdeniz Universitesi Sosyal Bilimler Enstitilsii
Dergisi (AKSOS) 2022, 11, 168-206.

8. Acer, O.1. Ulusal Mimarlik Akimi. Available online: https:/ /www.academia.edu /4070668 /%C3%96zlem_ACER_I_Ulusal
Mimarl%C4%B1k_Ak%C4%B1m%C4%B1 (accessed on 5 May 2025).

9.  Stiny, G.; Gips, J. Shape Grammars and the Generative Specification of Painting and Sculpture. In Information Processing 71;
North-Holland: Amsterdam, The Netherlands, 1972; pp. 1460-1465.

10. Bozdogan, S. Modernizm ve Ulusun Ingast: Erken Cumhuriyet Tiirkiyesi'nde Mimari Kiiltiir; Metis Yayinlar: Istanbul, Turkey, 2001.

11. Egli, E. Das Neue Ankara: Stidtebau und Architektur in der Tiirkei; Orell Fuissli Verlag: Ziirich, Switzerland, 1936.

12.  Batur, A. Bruno Taut: Tiirkiye’de Bir Mimar; Yap1 Kredi Yayinlar:: Istanbul, Turkey, 2005.


http://www.mimarlikdergisi.com/index.cfm?sayfa=mimarlik&DergiSayi=374&RecID=2862
http://www.mimarlikdergisi.com/index.cfm?sayfa=mimarlik&DergiSayi=374&RecID=2862
https://doi.org/10.17755/esosder.379977
https://www.academia.edu/4070668/%C3%96zlem_ACER_I_Ulusal_Mimarl%C4%B1k_Ak%C4%B1m%C4%B1
https://www.academia.edu/4070668/%C3%96zlem_ACER_I_Ulusal_Mimarl%C4%B1k_Ak%C4%B1m%C4%B1

Buildings 2025, 15, 2025 22 of 23

13.
14.

15.
16.

17.
18.

19.

20.
21.

22.
23.

24.

25.
26.

27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Aslanoglu, I.; Mimar, E.A.E. Egitimci ve Kent Plancisi. Mimarlik Dergisi 1984, 11-12, 15-19.

Dere, M.E.; Oral, M. Erken Cumhuriyet Déneminde Ernst Arnold Egli'nin Koy Ukmektep Planlar1 ve Egitimin Onemi. Sos. Ve
Beseri Bilim. Aragtirma Dergisi 2020, 21, 252-277.

Alpagut, L. Cumhuriyetin Mimar: Ernst Arnold Egli; Boyut Yayincilik: Istanbul, Turkey, 2012; ISBN 978-975-231-027-8.

Atalay Frank, O. Politika ve Mimarlik: Ernst Egli ve Tiirkiye’de Modernligin Arayis: (1927-1940); TMMOB Mimarlar Odas1 Yayinlar::
Ankara, Turkey, 2015; ISBN 978-605-010-758-6.

Hasol, D. 20. Yiizyil Tiirkiye Mimarligi; Yem Yaymlar:: Istanbul, Turkey, 2003; ISBN 978-605-479-366-2.

Giirol Glingoren, P; Egli'nin, E.A. Ankara’da Insa Edilecek Milli Kiuttiphane, Akademi ve Mtize Projesi. Mimarlik Dergisi 2016,
387, 32-38.

Kagar, D. A Unique Spatial Practice for Transforming the Social and Cultural Patterns: Atatiirk Forest Farm in Ankara. METU J.
Fac. Archit. 2011, 28, 165-178. [CrossRef]

Alpagut, L. Atattirk Orman Ciftligi'nde Geleneksel Bir Yap1: Bira Fabrikast Hamamu. Folklor/Edebiyat 2010, 16, 29-52.

Alpagut, L. Modernlesme Projesinin Temsilinde Onemli Bir Yapt: Isvigreli Mimar Ernst Arnold Egli ve Ankara Siyasal Bilgiler
Okulu. Altern. Politika 2010, 2, 126-150.

Dere, M.E. Erken Cumhuriyet Mimarisini Ernst Egli Uzerinden Okumak. Ph.D. Thesis, Selcuk Universitesi, Konya, Turkey, 2021.
Kiling, K. Homemaker or professional? Girls” school designed by Ernst Egli and Margarete Schiitte-Lihotzky in Ankara, 1930-1938.
New Perspect. Turk. 2013, 48, 101-128. [CrossRef]

Duru, O. Muallim School and Education Institute Restitution Period Analysis. Gazi Univ. J. Sci. Part B Art Humanit. Des. Plan.
2024, 12, 207-221.

Oxman, R. Theory and design in the first digital age. Des. Stud. 2006, 27, 229-265. [CrossRef]

Fisher, T.; Herr, M.C. Teaching Generative Design. In Proceedings of the International Conference on Generative Art, Milan, Italy,
12-14 December 2001.

Mountstephens, J.; Teo, J. Progress and Challenges in Generative Product Design: A Review of Systems. Computers 2020, 9, 80.
[CrossRef]

Palabiyik, S.; Demircan, D. Mimarhkta Hesaplamali Tasarim Yontemlerine Ait Potansiyellerin Yasam Dongiisii Modeli Uzerinden
Degerlendirilmesi. Int. Refereed ]. Archit. Des. 2020, 21, 91-123. [CrossRef]

Stiny, G. Introduction to shape and shape grammars. Environ. Plan. B Plan. Des. 1980, 7, 343-351. [CrossRef]

Knight, T.W. Language of design: From known to new. Environ. Plan. B Plan. Des. 1981, 8, 213-238. [CrossRef]

Tepavcevic, B.; Stojakovic, V. Shape Grammar in Contemporary Architectural Theory and Design. Facta Univ. Ser. Archit. Civ. Eng.
2012, 10, 169-178. [CrossRef]

Stiny, G.; Mitchell, W.J. The Palladian Grammar. Environ. Plan. B Plan. Des. 1978, 5, 5-18. [CrossRef]

Stiny, G. Kindergarten grammars: Designing with Froebel’s buildings gift. Environ. Plan. B Plan. Des. 1980, 7, 409—462. [CrossRef]
Colakoglu, B. Design by Grammar: An Algorithmic Design in an Architectural Context. Ph.D. Thesis, Massachusetts Institute of
Technology, Cambridge, MA, USA, 2001.

Ahmad, S.; Chase, S.C. Design generation of the Central Asian caravanserai: Use of a parametric shape grammar for the analysis
of historic Islamic architecture. In Proceedings of the 1st ASCAAD International Conference, e-Design in Architecture, Dhahran,
Saudi Arabia, 7-19 December 2004.

Prakash, A.; Shekhawat, H.; Goyal, G. Visual Calculation Through Shape Grammar in Architecture. Int. Res. J. Eng. Technol. 2017,
4,293-301.

Abu-Aridah, D.; Ligler, H. From shelter to home: Transformation grammar of housing units in Irbid Refugee Camp. In
Proceedings of the XXVI International Conference of the Iberoamerican Society of Digital Graphics, Medellin, Colombia, 18-20
November 2020; Blucher: Sao Paulo, Brazil, 2022; pp. 311-322.

Paulino, D.M.S.; Ligler, H.; Napolitano, R. A grammar-based approach for generating spatial layout solutions for the adaptive
reuse of sobrado buildings. Buildings 2023, 13, 722. [CrossRef]

Bel¢i¢, A.; Eloy, S. Architecture for Community-Based Ageing-A Shape Grammar for Transforming Typical Single-Family Houses
into Older People’s Cohousing in Slovenia. Buildings 2023, 13, 453. [CrossRef]

Wang, J.; Fan, W.; Zhao, B.; Yang, Y.; Zhang, Z. A Rule-Based Design Approach to Generate Mass Housing in Rural Areas of the
North China Plain. Buildings 2023, 13, 2539. [CrossRef]

Zhang, K.; Zhang, N.; Quan, F; Li, Y.; Wang, S. Digital Form Generation of Heritages in Historical District Based on Plan Typology
and Shape Grammar: Case Study on Kulangsu Islet. Buildings 2023, 13, 229. [CrossRef]

Benros, D.; Hashemi, A.; Callaghan, C.; Wirz, F; Yunsheng, S. A mass-customized housing shape grammar application—The
Orange County Sustainability Decathlon experience. In Proceedings of the SIGraDi 2023, Accelerated Landscapes, Montevideo,
Uruguay, 29 November—1 December 2023; pp. 1021-1032.

Hu, T,; Xie, Q.; Yuan, Q.; Lv, J.; Xiong, Q. Design of ethnic patterns based on shape grammar and artificial neural network. Alex.
Eng. J. 2021, 60, 1601-1625. [CrossRef]


https://doi.org/10.4305/METU.JFA.2011.1.10
https://doi.org/10.1017/S0896634600001904
https://doi.org/10.1016/j.destud.2005.11.002
https://doi.org/10.3390/computers9040080
https://doi.org/10.17365/TMD.2020.21.5
https://doi.org/10.1068/b070343
https://doi.org/10.1068/b080213
https://doi.org/10.2298/FUACE1202169T
https://doi.org/10.1068/b050005
https://doi.org/10.1068/b070409
https://doi.org/10.3390/buildings13030722
https://doi.org/10.3390/buildings13020453
https://doi.org/10.3390/buildings13102539
https://doi.org/10.3390/buildings13010229
https://doi.org/10.1016/j.aej.2020.11.013

Buildings 2025, 15, 2025 23 of 23

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Linas Fathima, A.; Chithra, K. A comprehensive literature review and bibliometric analysis on shape grammar theory and
applications in architecture. Int. J. Archit. Comput. 2024, 1-28. [CrossRef]

Sener, S.M.; Gorgtil, E. A shape grammer algorithm and educational software to analyze classic Ottoman mosques. ITUA|Z ].
Fac. Archit. 2008, 5, 12-30.

Duarte, J. A discursive Grammar for Customization Mass Housing: The Case of Siza’s Houses at Malagueira. Autom. Constr.
2005, 14, 265-275. [CrossRef]

Koning, H.; Eizenberh, J. The language of the prairie: Frank Lloyd Wright’s prairie houses. Environ. Plan. B Plan. Des. 1981,
8,295-323. [CrossRef]

Buelinckx, H. Wren’s language of City church designs: A formal generative classification. Environ. Plan. B Plan. Des. 1993,
20, 645-676. [CrossRef]

Lee, ].H.; Ostwald, M.].; Gu, N. A statistical shape grammar approach to analysing and generating design instances of Murcutt’s
domestic architecture. Environ. Plan. B Urban Anal. City Sci. 2020, 48, 929-944. [CrossRef]

Sanner, M.E. Python: A programming language for software integration and development. J. Mol. Graph. Model. 1999, 17, 57-61.
Ahunbay, Z. Osmanli Medreseleri. Osmanl: 1999, 10, 301-307.

Cengizkan, A. Mimar Kemalettin ve Cagr; TMOBB Mimarlar Odas: Yayinlari: Ankara, Turkey, 2009.

Alpagut, L. Uretken bir mimar ve Ankara’da modern bir bina: Bruno Taut ve Atatiirk Lisesi. Sanat Tarihi Dergisi 2018, 27, 135-161.
[CrossRef]

Alpagut, L. Erken Cumhuriyet Dénemi'nde Ankara’daki Egitim Yapilar1. Ph.D. Thesis, Hacettepe Universitesi, Ankara,
Turkey, 2005.

Hussein, K.A.; Ismaeel, E.H. Regenerating traditional houses facades of old Mosul city by Shape Grammar. ITU AlZ 2021,
18, 461-476. [CrossRef]

Wang, ].; Zhao, B.; Fan, W.; Yang, Y.; Zhao, J. A combined shape grammar and housing-space demand approach: Customized
mass housing design in rural areas of the North China Plain. Nexus Netw. J. 2022, 24, 5-23. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/14780771241281809
https://doi.org/10.1016/j.autcon.2004.07.013
https://doi.org/10.1068/b080295
https://doi.org/10.1068/b200645
https://doi.org/10.1177/2399808320913568
https://doi.org/10.29135/std.399781
https://doi.org/10.5505/itujfa.2021.82788
https://doi.org/10.1007/s00004-021-00561-0

	Introduction 
	Literature Review 
	New Architecture Period and Ernst Arnold Egli 
	Review of Shape Grammar Theory 

	Materials and Methods 
	Results 
	Step 1: Typological Analysis of Education Buildings of Ernst A. Egli 
	Step 2: Shape Rules 
	Step 3: Form Generation 

	Discussion 
	Conclusions 
	References

