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Tasarimda Hesaplamali Model

Editorden

JCoDe'un dokuzuncu sayisi, tasarim pratiginin ayrilmaz bir bileseni olan
ve gergek dunyanin soyutlanmis temsillerini olusturan model olgusuna
hesaplama perspektifinden yaklasmayl hedeflemektedir. Tasarim
sUrecinde somut ve soyut ciktilar Ureten bir eylem olarak modelleme
ile modelleme eyleminin kavramsal, fiziksel ve dijital ¢iktisi olarak model,
tasarim alternatiflerinin Uretimi, sinanmasi ve degerlendirilmesinde dnemli
rol oynamaktadir. Bu anlamda model, tasarim sUrecinin bir girdisi ya da
bir ara Urdnd olabilmekte, tasarim dUsUncesinin yinelemeli bir bigimde
gelistiriimesine katkida bulunmaktadir. Model ve modelleme sadece
tasarim problemlerinin ¢dzumune degil, ayni zamanda iyi tanimlanmamis
ve birbiri ile iliskisiz gorunen ¢esitli veri katmanlarini anlamli alt parcgalara
donusturerek tasarim probleminin kurgulanmasina da destek olmaktadir.

Tasarimda hesaplamali model eskiz, calisma maketi, prototip ya da 3 boyutlu
kati modelin dtesinde benzetim modeli, davranis modeli, bilgi modeli, bilisi
(enformasyon) modeli, bilissel (cognitive) model, performans modeli gibi
dinamik sureglerin temsilini olanakli kilan yaklasimlar sunmaktadir. Karmaslik
bir strecin kural, parametre ve iliskiler araciligiyla temsili ise prosedurel
(yordamsal), Uretken, algoritmik modellerin zeminini olusturmaktadir.
Hesaplamali modeller farkli tasarim/analiz/eniyileme/uretim baglamlarina
adapte edilen soyut yapilar sunarken, kimi zaman da bir dijital zanaat
etkinligi olarak baglam-duyarli ve probleme 6zgu sekilde gelistiriimektedir.
Diger yandan her model belirli bir indirgeme icermektedir. Bir hesaplamali
modelde hangivarsayim, kosul ya da yontemlerin 6n plana cikip hangilerinin
gozardl edilecegi modelin hassasiyet, gegerlilik, dogruluk ve etkinligini
etkilemektedir. Dolayisiyla, hesaplamali model ile tasarim baglami iliskisi
kurulurken elestirel bir degerlendirmeye ihtiya¢ duyulmaktadir.

Bu baglamda JCoDe'un dokuzuncu sayisinda (Cilt 4 Sayi 2) tasarimda
hesaplamali modellerin kuramsal ve kilgisal temelleri; tasarimda eniyileme
ve benzetim i¢in hesaplamali modelleme; hesaplamali model kullanan
Uretken tasarim yaklasimlari; tasarim analizi ve degerlendirmesi igin
hesaplamali modeller, hesaplamali modellere dayali vaka calismalari
tartismaya sunulmaktadir.

Tasarimda yaraticilik ve kuram agirlikli ilk bolimde Betll UCKAN, Pelin
DURSUN CEBI ve Fatma Ahsen OZSOY mimari tasarimdaki form kavramini
kendi onerdikleri “formun evrimi”’/"canli form” (vital form) kavrami Uzerinden
tartismaya agcmaktadir. Ug ana eksenden olusan calismada, form kavraminin
tasidigl anlamlar tasarim ve Uretim teknikleri ile iliskili olarak tarihsel
bir perspektiften ¢ézimlenmis, “canli form” olarak adlandirilan yeni bir
kavramsal agilim onerilmis ve form ile canli form arasindaki karsilikli etkilesim,
calisma kapsaminda sunulan bir model ve kuramsal tartismalardan elde
edilen kavram setleri 1siginda irdelenmistir.



Busra SIK, Merve Sule YORUK ve Serdar AYDIN, Mardin Artuklu Universitesi,
Mimarlik BolumU  mimari proje stldyolarindan Dijital Rastlanti'ya
retrospektif ve elestirel bir anlayisla mercek tutmaktadir. Spekulatif
gizimin apriori hesaplamall dlgUtlerle butunlestirilerek tesvik edildigi,
dort asamadan olusan ve yenilikgi bir 6grenim deneyi sunan Dijital
Rastlanti studyosu sureci incelenmektedir. Tasarim temsillerinin bu dort
asamada farkli baglamlarda yeni anlamlar kazanmasinin &grencilerin
yaratici dusUnme becerilerini  destekledigi gdzlemlenmis ve dort
asamall model tekrarlanabilir bir pedagojik yaklagim olarak sunulmustur.

ikinci  bolumde, Buket SAMANCI, Ozge TASPINAR, Yasar Emir
KARCI, Basak CENGIZ, Selen OZDOGAN, Dilek YILDIZ OZKAN ve
Michael Stephan BITTERMANN mimarlk o6grencilerinin  tasarimin
erken asamalarinda kullandiklari  modelleme teknikleri ve bunun
nedenleri Uzerine nicel arastirma ydntemine dayall bir c¢alismanin
bulgu ve sonuglarini paylasmaktadir. 101 katilimcili anket araciligiyla
gergeklestirilen calisma, fiziksel maket ya da bilgisayar destekli model
tekniklerinin verimliliginde anlamli bir fark olup olmadigini ve tercihin
ogrencilerin deneyim duzeyine gdre nasll degistigini arastirmaktadir.

Uclinct ve son bdlimde, Faruk Can UNAL, mevcut bir mimari cepheyi
referans alan yeni cephe gorsellerinin Uretilebilmesine olanak saglayan
ve genetik algoritmaya dayanan bir model dnerisi sunmaktadir. Doluluk-
bosluk iliskisi, yapi elemanlari ve UgUncU boyutun etkisi olgUtlerini
iceren modelin Hamburger Kunsthalle yapisinin cephesi Uzerinden bir
uygulamasi ve sonuglari ortaya konulmustur. Gulce KIRDAR'In galismasi,
veriye dayall yaklagimlarin kamusal mekanlarin dinamiklerini kesfetmede
naslil yardimci olabilecegdini ve tasarim kararlarini nasil destekleyebilecedini
sorgulamaktadir. Kamusal alandaki veriye dayall dlgme ve gdzlemleme
yontemlerinin dijital araglar ile kesfi, verinin Cografi Bilgi Sisteminde
haritalanmasl, veri haritalama sonucunda veriler arasindaki iligkinin
tanimlanmasi asamalarindan olusan ve 27 &grencinin katilimiyla
gergeklestirilen  bir kent mobilyasi tasarimi sUreci degerlendirilmistir.



Computational Model in Design

Editorial

The ninth issue of JCoDe approaches the concept of modeling from a
computational perspective. Modeling is an essential part of the design
process, creating abstract representations of the real world. Modeling
as an action that produces concrete and abstract outputs in the design
process and the model as the conceptual, physical and digital output
of the modeling action play an important role in the production, testing
and evaluation of design alternatives. In this sense, the model can be an
input or an intermediate product of the design process, contributing to
the iterative development of design ideas. Model as an action and object
not only enhances problem-solving processes in design but also supports
the constitution and refinement of the ill-defined design problems by
transforming various data layers that seem unrelated to each other into
meaningful sub-parts.

Beyond a sketch, working model, prototype, or 3D solid model in design,
computational models offer approaches that enable the representation
of dynamic processes such as simulation models, behavior model,
information model, cognition model, cognitive model, performance model.
The representation of a complex process through rules, parameters
and relations form the basis of procedural, generative and algorithmic
models. Computational models provide abstract structures that are
versatile and can be adapted to a variety of design, analysis, optimization,
and production contexts. However, in some pioneering cases, they are
developed as a digital craft activity that is context-sensitive and problem-
specific. However, every model has its limitations and reductionism
is inherent in the modeling process. The assumptions, conditions, or
methods emphasized in a computational model can significantly impact
its sensitivity, validity, accuracy, and effectiveness. Therefore, it is crucial
to evaluate the critically relationship between the computational model
and the design context.

In this context, the ninth issue of JCoDe (Volume 4 Issue 2) is intended
to stimulate discussions on the theoretical and practical foundations
of computational models in design; computational modeling for
optimization and simulation in design; generative design approaches
using computational models; computational models for design analysis
and evaluation, case studies utilizing computational models.

In the first part, which focuses on creativity in design and theory, Betul
UCKAN, Pelin DURSUN CEBI, and Fatma Ahsen OZSOY discuss the
concept of form in architectural design through their proposed concept
of “evolution of form”/"living form” (vital form). In their study, which consists
of three main axes, the meanings of the concept of form are analyzed from
a historical perspective concerning design and production techniques,



a new conceptual expansion namely “vital form” is proposed, and the
interrelations between form and vital form are investigated through the
model presented within the scope of the study and in the light of concept
sets obtained from theoretical discussions. Bisra SIK, Merve Sule YORUK,
and Serdar AYDIN focus on Digital Spontaneity, one of the architectural
project studios of Mardin Artuklu University, Department of Architecture,
with a retrospective and critical approach. The Digital Spontaneity studio
process, which consists of four stages and offers an innovative learning
experiment where speculative drawing is encouraged by integrating an
apriori computational criteria, is examined. |t has been observed that
design representations gaining new meanings in different contexts in
these four stages support students’ creative thinking skills, and the four-
stage model is presented as a repeatable pedagogical approach.

In the second part, Buket SAMANCI, Ozge TASPINAR, Yasar Emir KARCI,
Basak CENGIZ, Selen OZDOGAN, Dilek YILDIZ OZKAN, and Michael
Stephan BITTERMANN share the findings and results of a study based
on quantitative research method on the modeling techniques used by
architecture students in the early stages of design and the underlying
reasons. The study, conducted through a survey of 101 participants,
investigates whether there is a significant difference in the efficiency of the
physical or computer-aided model techniques and how the preferences
vary based on the students’ experience levels.

In the third and final part, Faruk Can UNAL, offers a model proposal based
on a genetic algorithm that allows the generation of new facade visuals that
take an existing architectural facade as a reference. Implementation and
results of the model, which includes the criteria of mass-void relationship,
building elements, and the effect of the third dimension on the facade of
the Hamburger Kunsthalle building, are presented. Gllce KIRDAR's study
explores the utilization of data-driven approaches in investigating the
dynamics of public spaces and their contribution to facilitating design
choices. The study examines an urban furniture design process integrating
publicly sourced data-driven techniques, digital tools for observational
disruption, Geographic Information System (GIS) data mapping, and their
connections. The study evaluates the outcomes of this process, which
involved 27 student participants in implementing urban furniture designs.
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The Evolution Narrative of Architectural Form and The State

of Vital Form

Betiil Uckan?, Pelin Dursun Gebi?, Fatma Ahsen Ozsoy?,

ORCID NO: 0000-0003-4318-9563", 0000-0002-4047-71407%, 0000-0003-0326-1882>

L3EMV Isik University, Faculty of Art, Design, and Architecture, Department of Architecture,
Istanbul, Turkiye

2 Istanbul Technical University, Faculty of Architecture, Department of Architecture,
Istanbul, Turkiye

The concept of form in architectural design has been debated since prehistoric
times. In its most straightforward meaning, form can be defined as the shape, shell,
and inhabited volume of a structure. This study aims to explore the historical
process of the transformation and evolution of form, as well as to discover new
meanings and potentials of form through analysis, and to develop a critical
perspective on form. The study is structured around three main axes. In the first
stage, a mapping is designed to analyze the evolution of form throughout history.
This mapping focuses on the changes in the approach to form, design, and making
techniques chronologically. This stage reveals that form is no longer merely a final
product represented by drawings or statically produced, but rather a concept that
involves process and dynamism in a temporal-spatial dimension, whether in its
design or production. In the second stage, the evolution of form is discussed
through a new concept called ‘vital form’. In the comparison between form and
vital form, while form represents something static or stationary, vital form signifies
a dynamic and fluid state. While form describes a state that is symbolically designed
with analogue drawing or produced by the designer from top to bottom, vital form
represents a bottom-up, autonomous state formed by the influence of actors
involved in design or production. Subsequently, the relationships, transitions,
interactions, and changes between form and vital form, as well as their
interpretations, are discussed within the proposed model in the study, based on
conceptual sets derived from theoretical debates and the implications in design
and making processes. It is believed that such exploration and awareness of form
in architecture will bring new dimensions to the contemporary understanding,
design, and making practices of form.

Keywords: Architectural Form, Form, Form Design, Form Making/ Production,
Vital Form.
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Mimari Formun Evrim Anlatisi ve Canli Form Hali

Betiil Uckan?, Pelin Dursun Gebi?, Fatma Ahsen Ozsoy?,
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Mimarlik tasariminda form kavrami, tarih dncesi dénemlerden beri tartisiimaktadir.
En yalin haliyle, form, yapinin sekli, kabugu, icinde yasanan hacim olarak ifade
edilebilir. Calismada hedeflenen, tarihsel slrecteki formun degisimini ve evrimini
analiz ederek yeni anlamlarini ve potansiyellerini kesfedebilmek ve form Uzerine
elestirel bir bakis acisi gelistirebilmektir. Bu hedef dogrultusunda calisma Ug ana
eksen Gzerinde kurgulanmistir. ilk asamada, tarihsel siirecte formun evrimini analiz
etmek igin tasarlanmis bir haritalama yer almaktadir. Bu haritalama ile kronolojik
olarak, formun ele alinis bicimindeki degisimler, form tasarim ve dretim
tekniklerine odaklanilarak tartisiimaktadir. Bu asama ile, formun artik sadece
gizimlerle temsil edilen ya da statik olarak Uretilen nihai bir Griin olmadig, aksine
zaman-mekansal bir diizlemde, tasariminda ya da Uretiminde streg ve dinamizm
iceren bir kavram oldugu anlasilmaktadir. ikinci asamada ise, formun evrimi ‘canli
form' (vital form) olarak ifade edilen yeni bir kavram Uzerinden tartisiimaktadir.
Form ve canli form karsilastirmasinda, form, statik veya duragani temsil ederken,
canli form, dinamik ve devingen bir hal tarif etmektedir. Form, tasarimci tarafindan
cizim ile sembolik olarak tasarlanan veya yukaridan asagiya olusturulan bir hal ifade
ederken, canli form, tasarim veya Uretimine etkide bulunan aktorlerin etkisiyle
asagidan yukariya olusan, otonom olan bir hal ifade etmektedir. Ardindan, calisma
kapsaminda o6nerilen model Uzerinde, form ve canl form arasindaki iliskiler,
gecisler, etkilesimler, degisimler; kuramsal tartismalardan elde edilen kavram
setleri ve Uretim, tasarim sureclerindeki acilimlari birlikte ele alinmakta ve
yorumlanmaktadir. Mimarlkta forma iliskin boyle bir okumanin, farkindaligin,
ginimuz form kavrayisina, tasarlama ve Uretme pratiklerine yeni agilimlar
getirecegine inaniimaktadir.

Anahtar Kelimeler: Mimari Form, Form, Form Tasarimi, Form Uretimi, Canli Form.
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1. INTRODUCTION

The concept of form in architecture has been evolving and transforming
with new meanings since the early debates in the field. The aim of this
study can be described as investigating the approach to form
throughout its historical process and exploring its potential avenues.
This purpose and exploration are rooted in critical theory which seeks
to examine the logic and foundations of events and ideas, aiming to ask
questions rather than provide answers (Raymond, 1981; Rendell,
2008). The goal is to develop a critical perspective on form within this

context.

In the study, research on the form is conducted through the lens of
form design and the making processes. This is because it is believed that
changes in the conceptual understanding of form shape its design and
making practices, and similarly, form design and making processes also
transform form. This dual relationship can be examined through the
Sapir-Whorf hypothesis (Terzidis, 2005; Kay & Kempton, 1984).

Exploring the form concept can be beneficial in defining the scope and
limitations of the article:

“Form in everything and anything, everywhere and at every instant.
According to their nature, and their function, some forms are definite,
some indefinite; some are nebulous, others concrete and sharp; some
symmetrical, others purely rhythmical. Some are abstract, others
material. Some appeal to the eye, some to the ear, some to the touch,
some to the sense of smell... But all, without fail, stand for relationships
between the immaterial and the material, between the subjective and
the objective -between the infinite spirit and the finite mind...”
(Sullivan, 1947).

To understand the concept of form, it can be examined Sullivan's (1947)
descriptions using abstract and material planes to express, and Forty's
(2004) definition as the representation of massed solidity or the void in
its negation or the representation of space. Alternatively, another
approach to consider is the description of architectural design as the
act of giving form to three-dimensional objects to serve as an external

195
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shell and create an inhabitable space within. In this perspective, form is
expressed as a boundary that defines the structure and space (Williams,
2022).

Considering such discussions, in the study, form can be defined as a
shell that constructs space or a building envelope that physically
encloses the void. And form design and form making/ producing refer
to the tools, processes, methods, and practices through which the
designer's idea of form is transformed into a design product, where the
idea is materialized as physical or digital through techniques such as
drawing, modeling, and fabrication.

Stagell
“  Anew concept proposal to |

-7 express the evolution of form

Stagel

Literature review and
mapping study on the
historical evolution of form 1

Stagelll
A conceptual model to understand
the evolution of form and new
proposed concept

The study is structured around three main axes in order to bring a
critical perspective on form (Figure 1). The first stage involves a
mapping where information is gathered through literature research. It
focuses on the changes in the approach to form, design, and making
techniques in the historical process. In the second stage, a new concept
called vital form is proposed to express the transformation and
evolution of form. In the last part, there is a conceptual model that aims
to comprehend vital form concept through a comparison with form.

2. THE EVOLUTION NARRATIVE OF FORM

A mapping is carried out within the scope of the study to examine the
changes in form throughout the historical process in relation to events,
phenomena, theories, approaches. It has been constructed in
chronological order, based on main headings, to highlight the paradigm
shifts where form undergoes fundamental changes in meaning and
acquires new significances. The narrative can be followed on the
mapping in Figure 2 which created by the four main headings as The

Figure 1: The stages of the
study, adapted from (Author,
2023).
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Origin of Form®, Form in the Analog Era, Form in the Digital Era, and
Form in the Millennium.

The first one, The Origin of Form (Figure 2), which corresponds to the
period from ancient times to the beginning of the 20th century, focuses
on establishing a common understanding of form and exploring its
origins, and initial approaches.

The narrative begins with the dialectic between Plato and Aristotle.
Plato explains the universe using the symbolic and solid geometries
called Five Platonic Solids (Plato, 4™ century BC/2022; Forty, 2004;
Dehovitz, 2016). On the other hand, Aristotle, presents the theory of
hylomorphism, stating that form is shaped by matter, and they both
arise from their inherent carriers (Aristotle, 4™ century BC/2019; 4"
century BC/2020; Forty, 2004). While Plato's form is static and
represents fixed geometries in a top-down system, Aristotle's form is
dynamic and emerges from generative minds in a bottom-up approach.
This dialectic between representation and generative one provides a

foundation of the study.

After this dualism, understanding Vitruvius would be helpful to
analyzing form concept in ancient architecture.

Figure 2 (next page):

The mapping designed to follow
the evolution narrative of form,
adapted from (Author, 2023).

1 The title is derived from Darwin's (1859/2012) book "The Origin of Species," where he
explains the theory of evolution.
197
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Vitruvius formulates form by establishing specific parameters and
verbal equations among various elements such as plan size, column
height, column thickness, and intercolumnar spacing (Vitruvius, 1°
century BC/1990). Design relies on parameters, but form is generated
using specific, fixed geometries and drawing-based techniques. This
approach implies that form in ancient examples is visually represented.

Figure 3: Different rib vault
structures (Siegel, 1962).

In the Gothic period, it can be observed that form acquires another
meaning in conjunction with structural form. Structural form is an
approach where form and the structural system are designed and
calculated together (Siegel, 1962). Figure 3 illustrates three examples
of rib vault structures. The first example, which is an extension of the
structural system, is referred to as a structural form. The other two
examples are considered decorative forms since they lack structural
considerations. (Siegel, 1962). Form in conjunction with structural form
is designed and produced to serve a kind of performance for the
structure beyond being representational with simple geometries.

When examining the Renaissance period, a significant change can be
observed in the difference between form design and making. The
discovery of perspective and new three-dimensional drawing
techniques provided architects with a new avenue to convey their
designs to those responsible for the making process, even without
being present at the construction site (Roth, 1993). This development
led to the widespread use of drawing as a method for form design,
which continued for a considerable period after the Renaissance
(Menges, 2015).
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These new drawing techniques are examined under the title of
Euclidean geometries and new quests’ existence in the 19th century are
expressed that surpass these dead geometries (Evans, 1995). The
fundamental change at this point can be considered as overcoming
planarity and parallelism, which can be examined under the title of non-
Euclidean geometries like hyperbolic and elliptic geometries (Figure 4)
(Henderson, 1983; Faculdade De Ciéncias Universidade De Lisboa,
2017). Euclidean geometry and solid Platonic shapes, which have been
used in architecture since ancient times, are being surpassed, and new
forms are emerging, that go beyond the concept of three dimension.
These searches also lay the groundwork for the concept of space-time,
which will be detailed in the next part of the narrative (Giedion, 1941;
Frampton, 1995; Kolarevic, 2003).

Under the second heading, The Form in the Analog Area (Figure 2),
which corresponds to the first half of the twentieth century, the effects
of the paradigm shift caused by the concept of space-time on form are
examined. Giedion (1941) describes this change as a new era where the

static is demolished, and the dynamic is sought.

In the initial stage, it can be useful to examine the early periods of this
concept. Einstein articulates the concept of space-time in his Theory of
Relativity (Miller, 2001). The inclusion of time (t) as the fourth
dimension, in addition to the three spatial ones (x, y, z), indicates that
the discussion is not only about spatial but also about spatiotemporal
dimension (Bakirci et al., 2022). On the other hand, Picasso, regarded
as the beginning of Cubism, also demonstrates the discussion of space-
time with 'The Young Ladies of Avignon' (Giedion, 1941; Miller, 2001).
He surpasses the three-dimensional perspective by incorporating the
simultaneous and relative representation of various time frames

Figure 4: Hyperbolic and elliptic

geometries, adapted from

(Wikipedia, 2015).
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(Figure 5) (Miller, 2001). Later, Futurist artist explored this concept as
a representation of movement and dynamism in art (Figure 6) (Giedion,
1941). In the same periods Doesburg (1924) published his manifesto
which calls for four-dimensional space-time aspects in architecture
shaped by non-Euclidean mathematics. It signifies the beginning of a

new era in the architectural form (Burry, 2016).

Figure 5: The Young Ladies of
Avignon, adapted from
(WikiArt, 2020).
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To further explore the topic, it may be useful to examine Thompson's
(1917/1945) form analysis with the diagrams of forces. He focuses on
the formation of form under the influence of physical forces and
explores transformations of different species’ forms (Figure 7). This
approach emphasizes form’s ability to evolve, grow, develop, and
change over time through a continuous process.

Thompson's studies contribute to the concept of form-finding being
discussed in the ongoing narrative (Goldsmith, 2014). Form-finding can
be described as a method where the form is designed, calculated, and
optimized in accordance with the forces that shape it (Lewis, 2003).
With this technique, form transcends its static state as a two-
dimensional or three-dimensional product drawn on paper or created
in physical models, and it becomes a process-driven entity existing in
four dimensions under the influence of environmental forces. For
example, Antonio Gaudi, designed his projects through dynamic models
and experiments based on material computation (Burry & Burry, 2010;

Figure 6: Boccioni's

development of bottle in space

(left), Edgerton's high-speed
photography (right),
(Giedion, 1941)

Figure 7: Thompson'’s
(1917/1945) form analyses.
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Figure 8: Gaudi, hanging chain
model (Burry et al., 2005).

203

Claypool, 2017). He created various analog models where forms were
shaped and structurally optimized under the influence of gravity by
hanging chains and sandbags (Figure 8).

; |‘;§§§555|Mllﬁiﬁlmma..,.,

Similarly, Heinz Isler focused on thin, curved concrete shell forms that

achieved high strength while utilizing minimum material (Chilton &
Isler, 2000; Kloft, 2011). He describes his design process not as ‘creating
form’ but rather as ‘allowing the form to emerge according to its own
internal dynamics’ (Billington, 2003). In another example, Frei Otto,
created an extensive material laboratory for form-finding experiments
(Otto & Rach, 1995). In this laboratory, he conducted various
experiments including soap film experiments based on the principle of
minimum surface area (Figure 9), pneumatic models, plaster bandage
models, hanging chain networks, sand pile models, and thread models
(Drew, 1976; Otto & Rach, 1995; Frei Otto Film, 2017). In Otto's
experiments, it is observed that after achieving the internal balance and
optimization of the form, digital systems are employed to test and
improve the structure (Glaeser, 1972; Boller & Schwartz, 2020). These
processes can be considered as a precursor to the transition from the
analog era, which is being examined in this heading, to the digital era.
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In the third heading, Form in the Digital Era (Figure 2), which pertains
to the latter half of the 20th century, the effects of the digital turn
(Carpo, 2013) are examined in relation to form. This paradigm shift

occurred with the integration of computer technologies and

computation into the design process.

With the recognition of computer-aided design (CAD) in 1960 (Llach,
2015), new kind of tools emerged in the design process. Ivan
Sutherland’s Sketchpad is considered the first design tool that allows
drawing on a computer screen with a light pen and incorporates
parametric relationships (AA School Of Architecture, 2010; Tedeschi,
2014). With Sketchpad, it can be observed that the static and
immutable straight lines previously used in form design are evolving
into dynamic lines that consider parametric relationships (Figure 10).

/ an

Due to significant later developments such as the emergence of

AutoCAD in the 1980s, architects were able to create two-dimensional
drawings digitally, replacing traditional pen and paper with the use of a
mouse and computer screen (Tedeschi, 2014). Similar to the discovery
of perspective at Renaissance, the shift from two dimensions to three
dimensions in the digital realm can be examined through software such
as CATIA, which enables three-dimensional modeling (Team D3, 2016).

Figure 9: Soap film experiments

(Otto & Rach, 1995).

Figure 10: Drawing at
Sketchpad (Morphocode,
2020).
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CATIA and AutoCAD, unlike Sketchpad, are considered static drawing
tools due to their lack of parametric relationships. This limits designers'
control over lines on the screen and restricts their freedom in the digital
environment during this period (Terzidis, 2005). The suggested solution
is the use of algorithms that allow direct intervention on the digital
screen through scripting instead of predefined buttons with fixed
functions (Tedeschi, 2014). Algorithms are defined as a process with a
finite number of steps. The era of designing forms with a pen or mouse
is being replaced by designing forms with codes and words (Tedeschi,
2014).

Terzidis (2005) discusses the shift from representing forms through
three-dimensional solid modeling tools to designing the process of
formation through planned steps in algorithmic form generation. To
understand this shift, Kotnik's (2010) conceptual model can be
examined which classified design programs under three main
categories: representational, parametric, and algorithmic. The
transition from a model where geometry of form is directly represented
to a model where the functional definition of form is designed signifies
the overcoming of the digital threshold between these categories
(Kotnik, 2010).

During this period, it seems that another design approach is discussed
on literature as generative design. It disrupts predictable form-
representation relationships by utilizing computationally generated
complexities, providing new design possibilities (Agkathidis, 2015;
Singh & Gu, 2012; Abrishami et al., 2014; Cagdas, 2021). Form goes
beyond geometric models and gains a generative meaning by
autonomously reproducing itself through rule sets, even exhibiting self-
design capabilities (Figure 11).
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To understand the impact of the digital turn on architectural form, it is
beneficial to examine its manifestations in the field of architecture.
Lynn (2005) suggests that designers no longer rely on simple geometric

patterns like squares, circles, and rectangles as a starting point. Instead,

with the aid of computer technologies, form has evolved into a fluid,
dynamic, continuous state as described by Lynn’s animate form (Lynn,
1999). The 'Embryological House' project, depicted in Figure 12,
exemplifies this principle with its various variations (Lynn & Rappolt,
2008).

Figure 11: Form generation by

agent-based modelling,
adapted from (Chen, 2016).
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Figure 12: Embryological House
project, adapted from
(SFMOMA, 2002).

Figure 13: (left) Lynn’s (1999)
splines, (right) Gaudi’s hanging
model (Lazaro, 2017).

PN

In dynamic form designs based on curvature, various drawing tools such
as splines that utilize control points are employed (CCAchannel, 2012).
Notably, there is a resemblance between Lynn's curves shaped through
control points and Gaudi's hanging chain model mechanism, as
depicted in Figure 13. This similarity holds the potential to bridge
discussions conducted in both the analog and digital eras, leading to a
shared understanding.

Examining the works of dECOI, during a similar period to Lynn, can
contribute to the integration of different approaches. Mark
Goulthorpe, the founder of dECOi, introduces the concept of alloplastic
to describe their design approach, which emphasizes processes that
evolve interactively in relation to the environment (Goulthorpe, 2009;
Burry, 2012). For instance, the 'Aegis Hyposurface' project represents a
four-dimensional animated wall that continuously interacts with light,
sound, and motion in the physical environment (Figure 14) (Burry &
Burry, 2010; Burry, 2011). Through dECQi, a new hyper-form approach

The Evolution Narrative of Architectural Form and The State of Vital Form



emerges, capable of being shaped by environmental forces in real-time

within the physical environment (Goulthorpe, 2009).

Lynn emphasizes the difference between his pursuit of animate form
the digital realm and Goulthorpe's exploration of hyper-form that
extends into the physical environment (Melbourne School of Design,
2017). This distinction leads to the next heading, where form is
designed and created collaboratively in both the digital and physical
realms, merging the narrative of form evolution.

The last title, Form in the Millenium (Figure 2), encompasses the first
quarter of the twenty-first century, the effects of the paradigm shift
resulting from the development of fabrication technologies (Oxman,
2009; Demir, 2020) are explored in relation to form.

Kolarevic (2003) emphasizes the reduction of distance between design
and production through the direct transfer of design information in the
fabrication equipment (Scheurer et al., 2005; Bayram et al., 2023). To
understand the design approaches of this era, it is helpful to consider
the emerging organic paradigm. Giedion (1948) suggests that new
theorems in physics are leading to a transition from the mechanical
realm to the organic one, as described by Whitehead's (1920/2017)
organic mechanism approach (Giedion, 1948; Molella, 2002). Oxman
(2015) also highlights this shift from the age of the machine to the age
of life. These concepts have become more evident in practice due to

Figure 14: Aegis Hyposurface,
(Burry, 2012).
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Figure 15: Honeycomb project,
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(Kudless, n.d.).

advancements in production technologies and the emergence of new
design approaches in the 21st century.

To understand the impact of this transformation on form, it is of value
to examine the pioneering figures of the era. EmTech, for instance,
approaches form through morphogenesis, viewing it as a dynamic
entity that can grow, evolve, and adapt (Hensel et al.,, 2004). Their
design approaches are not defined by traditional categories such as
form, material, or structure, but rather by a holistic model that emerges
from their combination. The 'Honeycomb' project is an example where
form, material, and structure are explored through genetic algorithms,
shaping a honeycomb in the digital, and produced at 1:1 scale in the
physical realm (Figure 15) (Hensel et al., 2010).

In another example, Achim Menges (2012) criticizes the previous era's
tendency to produce form exclusively in the digital realm, detached
from materiality. He proposes an approach called material synthesis,
which seeks to intertwine the physical world with digital computational
methods (Menges, 2015). For instance, his 'Hygroskin' project, a system
is designed using wood that responds to its environment, closing in
humid and rainy weather and opening in sunny and dry conditions
(Figure 16). These systems, capable of movement without a motor, can
be discussed within the theme of material as a machine (Menges,
2015). The ability of the form to self-formation in physical realm brings
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the narrative of form evolution to a stage where organic vitality is being
explored.

Figure 16: Hygroskin project,
(Hensel et al., 2010).

To delve deeper into the discussions, Neri Oxman's approach of

material ecology can be analyzed. She aims to establish deeper
relationships between design and the environment through
computational design, digital fabrication, and material behavior
(Oxman, 2012; 2015). In 'Living Hybrid Materials' project, forms that
respond and adapt to their surroundings are designed and produced
using 3D printers (Bader et al., 2016; Smith et al., 2020). Figure 17
showcases the self-formation process of a leaf-like hybrid material. In
addition to Menges' material synthesis, material ecology shows that
materials are programmed and fabricated from scratch.

Living Material Hybrids Living Material Hybrids
axoimonts exporiments

Figure 17: Living Hybrid
Materials, (Oxman, n.d).
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The narrative of form evolution, driven by factors like events,
phenomena, concepts, theories, evolving technologies, and
techniques, can be further continued through various ongoing
research. As the narrative unfolds, it becomes clear that forms, once
designed symbolically and produced statically, now possess a more
dynamic and generative nature, imbued with new meanings. This
newfound meaning and the state of exploration will be discussed in
detail in the subsequent section of the study.

3. THE STATE OF VITAL FORM

!

In the study, a new concept is proposed under the title of 'vital’ form
to understand, discuss, and critically examine the new characteristics
of form which discussed in the first part.

First of all, to comprehend this new concept, it is necessary to
understand the state of being vital / alive / living:

Alexander (2002) states, "All space and matter, organic or inorganic,
has some degree of life in it, and that matter/space is more alive or less
alive according to its structure and arrangement." This idea aligns with
Delanda's (1992) concept of having life as self-organizing, dynamic, and
interactive systems beyond the individual organism. Likewise, Deleuze
(1969/1995) emphasizes the continuous flow, movement,
differentiation, and creative power associated with being alive. In
addition to these, the theory of autopoiesis describes living beings as
self-renewing, autonomous, and dynamic entities characterized by
continuous change (Varela et al., 1974). According to these approaches,
the state of being vital can be defined through subcategories such as
being dynamic, generative, autonomous, and interactive.

After analyzing the concept conveyed by the state of being vital / alive
/ living, the focus can be directed towards what vital form signifies:

2 Vijtal as a word can be seen in various discussions, such as Giedion’s (1941) space and
time, Bergson's (1911/1944) élan vital, Tange's metabolism and vitality approach
(Tolunay Berber & Ozkar, 2020) and more. The choice of this word to convey the
intended meaning has been informed by these usages.
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Vital form is introduced to engage in a discussion that aligns with the
new positions acquired by the form throughout the narrative and the
emergence of its new states. It criticizes the state where form is
designed symbolically or made statically. If form represents the
expression of a spatial volume, then vital form can be described as a
spatiotemporal dimension and includes a notion of process. Vital form
can be understood as the state that emerges when the form is
considered at the spatiotemporal level, involving all four dimensions. It
is concerned with the process of formation rather than the final and
static state of form. Within the literature, the discussions focus on the
concept of ‘becoming’ rather than just ‘being’ (Deleuze, 1969/1995)
and ‘formation’ rather than just ‘form’ (Oxman, 2006; Alacam, 2019).

In alignment with the characteristics described in the state of being
vital, vital form can be expressed through being dynamic, generative,
autonomous, and interactive:

Being dynamic: Vital form transcends the spatial boundaries of
the three dimensions and explores the possibilities of the
fourth dimension, which involves the spatiotemporal
dimension and allows for a process-oriented existence.

Being generative: Vital form is created through a bottom-up
model rather than a top-down representation, allowing for
generative potential.

Being autonomous: Vital form shows self-organization and self-
formation and emerges presenting unexpected outputs by
resembling the intelligence of the human designer.

Being interactive: Vital form can reshape itself in response to
environmental stimuli and being sensitive to the given external
data in the physical environment.

Vital form serves as a comprehensive framework that integrates
theories underlying this concept within the narrative. It can be
juxtaposed with existing approaches in the narrative of form evolution,
allowing for an interpretation of their interconnections and elucidating
its significance. It is crucial in differentiating vital form from other form-
related definitions and comprehending its contributions to the field. In
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Figure 18: The relations

between vital form and other
form-related concepts defined
within the narrative, adapted
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from (Author, 2023).

Figure 18, the relationship between the vital form and other related
form definitons can be observed:
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For example, in the digital realm, the relationship between Terzidis'
algorithmic form and Lynn's animate form can be explored within the
context of vital form. Briefly stated, animate form is defined as a state
that emerges through various processes of digital form-finding (Lynn,
1999), while algorithmic form refers to a bottom-up state constructed
through algorithms in the digital realm (Terzidis, 2005). Picon (2010)
highlights the distinction between these two definitions by suggesting
that algorithmic form goes beyond mere animation and implies a state
of being alive. Consequently, animate form can be associated with
qualities of vital form such as dynamism and autonomy, while
algorithmic form can be linked to attributes such as dynamism,
generativity, and autonomy.

On the other hand, in the physical realm, the relationship between
dECQi's hyper-form and Menges and Oxman's material computation-
based form approaches can be explored within the context of vital
form. Shortly, the hyper-form refers to a state created interactively
through mechanical systems (dECOi Architects, 2000), while the other
involve a state generated interactively based on material intelligence
(Menges, 2012; Oxman, 2012). Soulaf (2019) emphasizes the
distinction between these two situations, offering an example where
one system relies on electrical and mechanical components, while the
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otheris dynamic and interactive due to its inherent material properties.
As a result, both approaches can be associated vital form’s dynamism,
autonomy, and interactivity.

While the concepts/approaches described in the narrative represent
singular and specific instances, the concept of vital form aims to
encompass both the digital and physical realms with a holistic
approach. In the next section of the research, the meaning of vital form
is discussed in more detail, using a more comprehensive model to
explore its distinctions from form.

4. A CONCEPTUAL MODEL TO COMPREHEND VITAL FORM

To better articulate the vital form and to analyze its difference from
form, a conceptual model is generated through the deconstruction® of
the evolution narrative of form, which is constructed on the first
chapter linearly by following the chronological order.

The narrative of form evolution explores the changes in form within a
historical context, examining the practices of design and making.
However, it does not distinguish between the design and making
stages. During the deconstruction of the narrative on this part, a
dialectic between form design and form making emerges when
analyzing form and vital form. In order to compare and understand the
states of form and vital form in these two completely different phases,
it is necessary to first accurately distinguish these phases.

Examining the various approaches of thinkers from different centuries
can enrich this discussion:

While Aristotle (4™ century BC/2019) discusses potentiality and
actuality, Alberti (15" century/1988) talks about lineament and
structure (Tan & Paker, 2018; Roth, 1993; Forty, 2004), and Deleuze
(1977/2007; 1969/1995) presents virtual and actual terms (Deleuze &
Guattari, 1980/1987; Sénmez, 2020). The first concept addressed by
these three thinkers —potentiality, lineament, or virtual—refers to a

3 The concept of deconstruction is used to analyze through the parts, disrupting
the integrity of the structure (Derrida, 1967/2001).
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stage where something has not yet occurred in the physical world but
has the potential to happen. This can be thought of as the form design
in an immaterial environment. The second concept —actuality,
structure, or actual—represents the realization of something in the
physical world. It denotes the form making in a material environment.

Based on this theoretical framework, in the emerging model, form and
vital form are separately addressed and compared in the design and
making phases. And to facilitate a clean examination, the model has
been designed as a matrix allowing for cross-referencing and
comparison. The X-axis of matrix represents form and vital form, while
the Y-axis represents the design and making phases. Additionally, to
facilitate this arrangement and group the pieces together, various
subdivisions within the matrix are created through form design and
making methods. For instance, distinctions such as analog or digital,
two-dimensional or three-dimensional, and scaled or 1:1 scale, etc.
Figure 19 illustrates the placement of events that are sequentially
arranged in the narrative onto the matrix plane. Each deconstructed
section of the narrative falls onto the matrix under its relevant title.
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Figure 19: Deconstruction of
the narrative on the matrix,
adapted from (Author, 2023).

Figure 20 illustrates the placement of each theory/event/approach
conveyed in the narrative of form evolution into the matrix that has
been created to better understand the vital form.
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Figure 20: The conceptual
model, adapted from (Author,
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2023).

examining through the design phase:

Some of the cells of matrix can be examined briefly. For example, when

In the form cell of the design phase, it can be observed that there is a

subdivision under the title of analog and digital drawing methods.

Digital drawing also subdivides into two-dimensional and three-

dimensional. In the examples (such as Perspective drawing, AutoCAD,

CATIA, etc.), the symbolic, representative, and static state of the form

can be seen.
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In the vital form cell of design phase, examples (such as Sketchpad,
Lynn's Spline, Algorithmic Form, Generative Form, Animate Form,
Morphogenesis, etc.) exhibit the dynamic, autonomous, interactive, and
generative state of the form.

When examining through the making phase, it can be observed that
cells subdivide into scaled models and 1:1 scale:

In the form cell of the making phase, all examples (such as
Embryological House’s 3D printed model, Honeycomb project, etc.)
show representational and static state of form which is produced
according to the final form information.

In the form cell of the making phase’s examples (such as Gaudi, Isler,
Otto’s form-finding experiments, EmTech, Menges' material behavior
experiments, Hyposurface, Hygroskin, Living Hybrid Material, etc.),
dynamic, autonomous, and interactive state of form can be seen during
production or after production.

In a general assessment, when examining the examples, it is observed
that the form cell contains examples where form is designed as
representation or produced statically. On the other hand, the vital form
cell examines dynamic, generative, autonomous, or interactive states,
incorporating the parameter of time which vary depending on the
specific case being examined.

In summary, through the analyzing of which
events/theories/approaches are categorized as form and which ones as
vital form within this conceptual model, the aim is to reinforce the
understanding of the concept of vital form. In this study, the matrix is
constructed solely within the framework of the narrative of form
evolution. However, in the subsequent stages, the matrix can be further
developed and enriched by incorporating theories, approaches,
practices, and comparative readings that contribute to the discussions
on form and vital form.
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5. CONCLUSION

It is observed that the concept of vital form, which criticize symbolic
and static state of form, has evolved with paradigm shifts, incorporating
gualities like dynamism, autonomy, generativity, and interactivity. If
read through the evolution narrative established in the initial stage of
the study, in the Analog Era part, its definition was limited to dynamism
and autonomy. However, it appears that in later the Digital and
Millennium Era sections, its definition has expanded over time to
include generativity and interactivity. It indicates that the concepts and
definitions are open to development. Therefore, it is important to
emphasize that evolution is ongoing, and both form and vital form
continue to evolve.

The future scenarios of the study can explore the ongoing evolution of
vital form and the emergence of alternative understandings. For
example, Allen (1997) proposes a field theory that views architectural
buildings as dynamic systems interconnected on a network. In this
framework, form extends beyond the building envelope, inviting a
holistic perspective. In this point, vital form can be open to discussion
as a vital space that encompasses not only form but also all elements
of architectural design. It can be defined as an environment intimately
connected with its inhabitants, continuously evolving and responsive to
their movements in real-time. It is not merely a surface, but a space
that surrounds and swarm arounds the users. It can also be
characterized as a generative entity that is constructed and
deconstructed in a real time according to the user within it.

From another perspective, the future scenario discussions can be
continued on design and making practices. To feed into this discussion,
Kiesler’s critique can be examined:

“If God had begun the creation of man with a footprint, a monster (of)
all heels and toes would probably have grown up from it, not a man. He
might have been without a head and arms, to say nothing of his internal
structure. Fortunately, the creation proceeded otherwise, growing out
of a nuclear conception.” (Kiesler, 1949).

The Evolution Narrative of Architectural Form and The State of Vital Form



Introducing vital form within architectural design studios can enhance
form investigations and foster innovation. For example, a kind of design
tool can be developed to generate the praxis of vital form through
practical application to explore and advance form design and making
processes. It can foster a forward-thinking and innovative approach to
form investigations, challenging conventional methods and opening
new possibilities.

The ongoing discussions on future scenarios can further explore new
inquiries and possibilities in form by utilizing various examples. The
intention is not to provide definitive answers but to spark curiosity,
inspire exploration, and encourage critical thinking about the future
trajectories of form in architecture. This study which examines form as
an evolving concept and introduces the concept of vital form as its
ultimate state aims to create awareness, explore new potentials, and
foster critical thinking about form in architectural design.
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This study explores apriori computational benchmarks embed in architectural
design processes that hybridise representations made of 2D and 3D drawings.
The paper presents creative design experiments from an unconventional
architectural design studio at graduate level that takes advantage of digital
design methods taught in the course. In orthodox architectural studios where
drawings are seen as means of blueprints, the processes of design ideation,
abstraction and speculation remain in a nominal position. The research
approach of this study lies in a 3-dimensional design thinking process that
extends beyond the formal fixations of drawings onto the statements and
reductions of unequivocal representational norms. The present work is
conducted as part of the Digital Spontaneity which is one of the third- and
fourth-years’ architectural design studios given at Mardin Artuklu University,
Department of Architecture. The paper introduces the pedagogical aspects of
the Digital Spontaneity studio by informing about the design process that
offers a methodological foundation. The methodology is illustrated through
stages with 2D, 2.5D and 3D representations, including scalar, geometric,
material transfigurations. The studio outcome is evaluated through a
correlation diagram that relate the drawings in different stages to each other.
The findings suggest that the correlative interpretation of computational
processes during the design ideation process may include intuitive, reflective
and retrospective synthesis. The research contributes to the novel
understanding of the role of digital design tools and methods in the generation
and emergence of design ideation as meaningful, conceptual, speculative
representations directly related to buildable forms and spaces of architecture.

Keywords: Digital design, Correlation, Intuitive Design, Speculative
Architectural Drawing.
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Bu calismada dijital tasarim araclarinin yer aldigi kesfe dayali temsil dili
Uretiminin, mimari nesne tanimlama giict Gzerinde durulmaktadir. Calismanin
amacl nesnelesme slrecine giren mimari temsiller arasindaki korelasyonlari
bulmaktir. Mimari proje sureglerindeki konvansiyonel pratiklerin maslahatgl
yaklasimlari ¢izimi sadece bir temsil aracina ve gorsel son Grtin (blueprint) olma
durumuna sinirlandirmaktadir. Bu arastirmada ele alinan cizimlerde ise
fikirlerin gercek nesnelere donuslrken virtiel degerlerini kaybetmemeye
zorlayarak tasarim sdrecinin bir sinamasi yapilmaktadir. Dijital tasarim
sureglerinin sayisal tabanl yaklasimlari, tasarim Grinun gesitlendirip Urettigi
alternatiflerin bilgisini de tasarim alanina (design space) dahil eden ve
doéndstiren sekliyle gelismektedir. Gelisen bu metodolojik gesitlilik icinde ¢izim
nesnelerinin tanimlanmasi ve bu nesnelerin arasinda kurulan iliskilerin
tasarima dahil edilmesi, daha 6znel bir varolus slreci arayan mimari
elemanlarin celiski Greten temsildeki ve mekansal gercekligini sorgular hale
getirir. Bir taraftan cizim, degisken karakterli, cok yonld, rastlantisal ve belirsiz
Ogeleriyle tasarim slrecinde ve sezgisel tasarimda etkili yonlerini ortaya
koymaktadir. Bu bakimdan c¢izimin calismadaki vurgusu, tasarlamanin erken
doénem pratiklerini de bitln sirece dahil ederek, cizimi sezgisel ve yaratici
sicrama yonelimleri Gzerinden ele almaktadir. Diger taraftan ise temsili
olusturan dijital materyal ve zihin arasindaki etkilesimli sireg; gizimi arastiran,
kendi kaynaklarina yonelen ve kendini Ureten yeni bir nesne olarak da
dustnalebilir. Calismanin, ikircikli alana yaptigi katki; cizim nesnesinin tanimini
yapmak, tanimli nesnenin tasarim slrecine dahil ettigi farkli degiskenleri
belirlemek, degisken arasindaki belirsiz ve tanimli korelasyonlari dogrusal,
dogrusal olmayan veya dongisel sekliyle sezgisel sireclerin cagrilmasina
baglidir. Tasarim arastirmasinin degerlendirilebilir ve kiyaslanabilir bir 6l¢eginin
olusturulmasi igin pozitif ve negatif ([-1,0]-[0,1] ) korelasyonlar kullaniimistir.
Korelasyon degiskenleri sabit (sifir [0]) kilan doygun durumlar, ¢izim nesnesinin
ortam ve materyalini degistirmeye dolayisiyla tasarimin sezgisel slregte
iliskilerini degisikliklere zorlamaktadir. Atolyedeki tasarim slregleri icerisinde
es zamanl olarak Uretimler; olgekler arasinda gidip gelerek bu yaklasimini
modelleme, gorsellestirme, aktor(ler) ile iliskilendirme ve hikayelestirme
amaclyla aramaya ve tanimlamaya c¢alismistir. Bu yaklasim sUrecinin
gozlenmesi ve dokiimantasyonu mimari proje atolyesinin deneysel gelisimiyle
kayit altina alinmustir.

Anahtar Kelimeler: Dijital Tasarim, Korelasyon, Sezgisel Tasarim, Spekulatif
Mimari Cizim.

Teslim Tarihi: 14.07.2022
Kabul Tarihi: 03.08.2023

Sorumlu Yazar:
serdaraydin@artuklu.edu.tr

Sik, B., Yorik, M.S. & Aydin, S. (2023).
Spekdilatif mimari gizimin yaraticilik
rolu Uzerine  bir  korelasyon
incelemesi.  JCoDe: Journal of
Computational Design, 4(2), 227-244.
https://doi.org/10.53710/jcode.1143
952

228

JCoDe | Cilt 4 Sayi 2 | Eyliil 2023 | Tasarimda Hesaplamali Model | Sik, B., Yorik, M.S. & Aydin, S.



229

1. GiRiS$ (INTRODUCTION)

Dijital, parametrik, algoritmik ve hesaplamali tasarim gibi mimarlk
Uretim bicimlerine dair paradigma disi alanlarin kesfedilmesi proje
stidyolarinin alisilagelmis yontemlerine yenilik ekler. Boyutlar arasi
gecislerde kullanildiginda bu paradigma degistirici yontemler icin de
yeni temsil alanlari dogurur. Akin’a (1986) gore “temsil, mimarlikta
tasarim sireci sirasinda gercek nesneler yerine gecgen, tasarimcinin
yaratacagl yeni bicimleri bu yolla gerceklestirdigi ve nesneleri ve siireci
organize eden olgu olarak” tanimlanir. Kullanilan nesneler, temsil
ettiklerinin 6tesinde anlam fazlaliklari tasirlar. Bu anlam fazlaliklarinin
sebeplerinden bir tanesi kullanilan ¢izim yéntemlerinin kendi sinirlari
iken, digeri ise temsilin Uretildigi araclardir.

Spekdilatif mimari gizimin yeni temsilcilerinden Perry Kulper ve Bryan
Cantley gibi isimlerin tasarim fikri Gretimini bir yandan kesif araci olarak
kullandigl, bir yandan da eklemeli ve birikime dayali klasik mimari ¢izim
Uretim pratikleri Gzerine elestirel disince denemelerini getirdigi
ozelliklerle donatir (Brown, 2022). Deneysel tasarim pratikleri yapan
FORM: ULA arastirma grubunun calismalari baglaminda, “mimarlikta
onun temsili arasindaki tanimlanmamis alani  bulaniklastirma
girisiminde bulunur ve bu slrecte cizimin rolini irdeler” seklinde bir
tanimlama mevcuttur (Cantley, 2014).

El cizimi, bilgisayar tabanli cizimler ve maketlerin temsil ettigi fikirlerin
gercekligini nesnelesme sireci icerisinde degerlendiren bu tip 6érnekler
mimarhgin formalite icat eden tarafini 6zglin temsil dili Uretiminde
aramaktadirlar. Dijital tasarimi ilgilendiren tarafi ise arastiriimayi
bekleyen bir alan olarak gérinmektedir. Yalniz, dijital mimari tasarimin
aktlel tartismalarindan biri olan parcacil (discrete) ve sUrekli
parametrisizm perspektiflerinin kurdugu teorik tartismalarla ilging
baglar da kurulmaktadir.

Bu calismanin kapsami Mardin Artuklu Universitesi, Mimarlk
Bolim’'nde verilen mimari proje stidyolarindan olan Dijital Rastlant
atolyesinin Uretimlerini ve yukarida bahsedilen teorik yansimalarla
kurmaya calistigl tartisma zeminini icermektedir. Burada, sunu
aciklamak gerekir ki, spekilatif mimari cizimin temsilcilerinin aradigi bir
nesnenin bir baska nesneye evrilmeye duydugu Deleuze’e gbre “arzu”
aciklamasi, parametrisist mimar Patrick Schumacher’in tartistig
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mimarlik nesnesinin surekliligi ve kente yayllma istegi ile paralellik
gostermektedir. Tam da nesneleri kendi Gzerinden okumaya calistigi bir
noktada Tom Wiscombe, Gilles Retsin ve Mark Foster Gage gibi
isimlerin tartistigl parcacil mimarlik Gretimi ile baglanti kurarken aciga
cikardigl tezathg da gdéstermektedir.

Dualiteler arasinda tarafini secmekle mesgul olmayan bu calisma,
korelasyonlar Gzerinden tasarim sireci okuma ydntemi kurulmasini
ongoérmektedir.  BUtlin ¢izim  nesneleri  arasinda iliskilerden
hesaplanabilir dokularin = varligini aramak bu vyazinin amacini
belirlemektedir. Glncel parametrik tasarim tartismasinin yogunlukla 3
boyutlu modelleme Uzerinden yapildigi bu alana metin-disi 2 boyutlu
nesnelerin dahil edilmesine calisilacaktir.

Calismada ele alinan mimari proje dersi kapsamindaki tretimlerdeki
parametrik pargalar, olusturulan kural/kurallar dizisi ile bir araya
getirilir. Kullanilan kombinasyonlar sayesinde alternatif birlesim
bicimleri ortaya cikartir. Bir araya gelen parcalarin birlesim detayi ise
cizim nesnelerini farkhlastirarak Gretimin zenginlesmesini saglar.

Bu vyazi, cizim nesneleri ile kurulmak istenen islevsel parametrik
iliskilerin sonrasinda Uretilen yapi elemanlari ile sinirlarinin zorlandigi
anlari ve tasarimcinin sezgisel kararlarinin da kaydini tutmaktadir.
Bunun igin de korelasyona dayal degerlendirmeler yapilmistir.

Korelasyon, birbirine karsi etkili ve birbirinden etkilenen degiskenlerin
arasindaki es-iliskisellik bildiren “baginti”dir (TDK, 2007). Degiskenler,
iliskisel durumlari aralarinda nedensel veriler olusturmaz ya da
olusturmak amaclanmamistir.  Korelasyon degiskenlerin  secimi,
gecerlilik, glvenilirlik, 6zglnlik ve slre¢ yonetimine dair o6lgcme
yontemlerinin verdigi bilgiyi Gretmek ve icgdrl kazandirmak Uzerine
kullanilir. Degiskenler, mimari atdlye sirecinin asamalarinda aranmistir.

ikinci bélimde calismanin baglami ve tasarim stiidyosundaki pedagojik
yaklasimi hakkinda bilgi verilmektedir. Yontem Uzerinde durulan bir
sonraki bélimde calismanin asamalari Gzerinden kullanilan metotlar ve
Uretimler, gorseller Gzerinden anlatiimaktadir. Calismanin sonugclari ve
degerlendirilmesi dordinci kisimda tartisiimistir.

230

JCoDe | Cilt 4 Sayi 2 | Eylul 2023 | Tasarimda Hesaplamali Model | Sik, B., Yoruk, M.S. & Aydin, S.



231

Sekil 1: Mor Sobo Katedrali,
Anitli, Midyat, Mardin (Mor Sobo
Cathedral) (Fotograf yazarlara
aittir).

2. DIJITAL NESNE YONELIMLIi TASARIM iLE BAGLAMIN
KURULMASI (SETTING THE CONTEXT WITH DIGITAL OBJECT ORIENTED DESIGN)

Mardin Artuklu Universitesi, Mimarlik Bélimi’'nde verilen Dijital
Rastlanti atolyelerinden 6'ncisindaki Uretimlerin degerlendirmesini ele
alan bu yazida dijital nesne ydnelimli tasarim yontemleri (zerine
calisiimistir. Atolyedeki proje calismasinin baglami Mardin’in Midyat
ilcesine bagh Anith (Hah) ve izbirak (Zaz) mahallelerinde futiristtik bir
siborg ziyaretci merkezi kurulmasi Gzerinedir. Anitli ve izbirak kéyleri,
bir zamanlar yogun Sidryani nifusunun oldugu ve cogunlukla terk
edilmis evlerden, harabeye donmis tescilli veya tescil edilmeyi
bekleyen ve halen kullaniimakta olan kilise ve manastir gibi yapilari
barindirmaktadir. Proje baglaminin istedigi oykulestirme ile alanin
barindirdigi potansiyellerini, paralellikle okumak mimkin hale gelmistir
(Sekil 1).

a4

Mardin Artuklu Universitesinde verilen mimari proje atolyelerine 1’inci
sinifta yaratici  fikir ~ temsilleri  Gzerinden  tasarim  {retimi
gerceklestiriimekte ve 2'nci siniftan itibaren daha teknik ve
konvansiyonel alanlara ydnelmektedir. 3’Uncl sinifin  ortasindan
itibaren kesfe dayali atolyelerin agirlik kazandigl bir ortamda Dijital
Rastlanti  atdlyesi, dijital tasarim  yontem ve araglarinin
kazandirabilecegi hesaplamali tasarim yéntemlerini incelerken, atélyeyi
alanlara olcekler arasi gecisi ve temsil Uretiminin nitelik ve hizini
arttirmaya donuk becerileri 6ncelemektedir. Mimari proje dersinin bir
oncil tasarim-arastirmasi olarak gortlmesinin 6nindn acildigl Dijital
Rastlanti atolyesinde her dénem yaklasik 15-17 6grenci, bir yiritici ve
bir yardimci yer almaktadir. Haftada 2 glin 4’er saat toplanilan atélyede
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ylz ylze gérasmelerin disinda Google Drive, Google Chat, Trello, Zoom
ve WhatsApp ile iletisim seviyesinin hizlandiran araclar kullanilmaktadir.
Bu calismanin gerceklestigi donemde Mimari Proje 6 ve 7’den karma bir
grubun olusturdugu atélyeden toplamda 7 proje cikmistir ve bu
projelerden 6zellikle birinin ele alinarak, tasarim slreci Gzerinden bir
yontem okumasi yapilmaktadir,

3. YONTEM: TEMSIL VE OLCEKLER ARASI GEGIS (METHOD:
REPRESENTATION AND INTERSCALE TRANSITION)

Calismanin yontemi, projenin gerceklestirildigi atolye slrecine dayali
olarak farkh tasarim asamalarini icermektedir. Tasarim asamalarindaki
farklilasmalar, temsil boyutu (2B veya 3B) ile calisma 6lcegi (makro veya
mikro) arasindaki permditasyonlardan tlreyerek 4  baslikta
incelenmistir. Her asamanin bir sonrakini beslemesi bakimindan lineer
bir akis takip edilmistir. Fakat bu ilerleyici akis, asamalar arasindaki
tersine iliskilerin her yeni baslik icerisinde ayrica degerlendirilmesiyle
cok yonla bir sekilde ele alinmistir. Temsil boyutlari ve ¢alisma o6lcekleri
arasinda ortaya ¢ikan ara durumlar (2.5B veya mezo 0lgek) da ilgili
asamalara dagitilarak hibrit degerler incelenmistir.

ilk asama atolyenin genel hedeflerinden biri olan 3 boyutlu disiince
pratigini calismaktadir ve tekil yapi elemanlari arasinda kompozisyonlar
kurmaktadir. ikinci asama farkli dlceklerdeki 3 boyutlu haritalama
yontemlerini gostermektedir ve baglamsal incelemeyi mumkin
kilmaktadir. Uciincii asamada 2 boyutlu haritalar ve 3 boyutlu modeller
ile mikro ve makro arasindaki ara 6lcek Gretimler yer almaktadir ve 2.5
boyutlu temsiller sunmaktadir. Dérdiinci ve sonuncu asamada ise
temsiller ve 6lcekler arasi kompozisyonlarin hibrit sahnelere dénisimu
Uzerinde durulmaktadir.

Teknik olarak ayri ayri ele alinan bu 4 asamanin ortak yonu spekdlatif
mimari cizim nesnelerinin sezgisel ve yaratici sigrama aracli olarak
kullanimini inceleyebilecegimiz korelasyonlar sunmasidir. Batin
asamalarda gozlenen bulgular yoéntemin icerisinde ayrica ele
alinmaktadir ve spekulatif mimari cizim asamalari arasindaki iliskileri
incelemektedir. Yazinin bundan sonraki kisminda tasarim sireci
asamalari ve bulgular Gretilen temsiller Gzerinden aciklanmaktadir.
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Sekil 2: 3B yapi elemanlarinin
tasariminda bittn-parga
iliskisinden tireyen nesneler

(Objects derived from the whole-part
relation in the design of 3D building

elements) (©2022, MSY).

3.1 Asama 1: 3B Yapi Elemanlari ile Bitiin-Parga (Stage 1: Whole-
Part with 3D Building Elements)

Atolyedeki deneylerin ilk asamasinda mimari tasarimda énemli bir yeri
olan “tekrar” Uretiminin 3 boyutlu hacimsel dislnceye yansitiimasi
denenmistir. Bu denemelerdeki sinirlayicilar, yaklasik 10x10m
ebatlarindaki bir dizlemin kullanilmasi ve en az iki yapi elamanin
yeniden yorumlanmasidir. Uretilecek olan genotip sahnelerin
tekrarlanarak yayilabilecek parametrelerinin distntlmesi istenmistir.
Boylece soyut anlamda, geometri, baglam ve islev arasinda hacimsel
iliskilerin calistiriimasi beklenmistir. Sengln’in (2016) belirttigi gibi
yapisaliga donlk yeni bir “ic baglami” ifade eden tektonikler
belirlenmistir. Radikal iliskiler icinde bu baglami yakalamasi beklenen
tasarimcinin inceledigi yapi elemanlarini alternatif kompozisyonlarda
kullanmasi icin spekulatif ¢izimler, isaretler ve notasyonlar tzerinden

yeni baglamlar aranmistir (Sekil 2).

3.2 Asama 2: Haritalama ve Alan Tanimlar ile Dikim-S6kiim
(Stage 2: Sewing-Disassembly with Mapping and Area Definitions)

Cizim nesnelerinin Uretilmesi ve tanimlanmasi, harita ve alan tanimlari
Uzerinde cahisiimistir. Haritalama slresince ¢izim nesnelerine 6znel ve
islevsel tanim kazandirmak Gzere, calismada kullanilan gizim nesnesinin
aldig1 bicim, alan konumu, yerlestigi yon, boyut ve tekrar sayisi ilgili
niceliklerin esneklikle kullanilmasina olanak taninmistir. Nesnelere
karakteristik 6zellik kazandiran nitelikler, tanimh alanin olcek
farkliliklarina gore degisen ihtiyaclarina bagli olarak yeniden cizilerek
degerlendirilmistir (Sekil 3).
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o~ E=
7

(8]

Cizim nesneleri dretildigi Olcekten, mevcut koordinatindan farkl
Olceklerde ve alanlarda tanimlanirken donUstlrilmusttr. Nesneler
cogaltilmis, kaybedilmis, vyeniden c¢izilmis ve vyeni tanimlar
kazandirilmistir. Haritalama siresince kullanilan sezgisel ve sistemli
sdreg, cizimin nitel ve nicel degerlerini bir arada kullanarak karma
paradigmas! ile tasarimcinin drettigi ¢izim nesnesinin  6zgUnlUgu
belirlenmistir. (Sekil 4).

3.3 Asama 3: Sahne Yaratimi (Stage 3: Scene Creation)

Cizim nesneleri, atélye slresince tasarimcinin kurgusal ve kavramsal
disiinme slreclerini de tartismaktadir. Bu tartisma tasarimcinin
hikayesinin olgunlastirilabilecegi sahne  vyaratimi Gzerinde
degerlendirilmistir. Bir taraftan kurgu baglamini destekleyerek tretilmis
3 boyutlu yapisal ve tekil elemanlar Uretilirken, 6ncesinde Uretilmis
elemanlar ise kurgu baglami ile yeniden dustintlmustir. Cizim
nesneleri her iki sireci de dontsli olarak desteklemistir. Nesneler,
mekana ait kurucu elemanlar ile cakistirilmistir. Yapisal elemanin model
algisina, mekansal deneyim hikayesini okunur hale getiren iliskisel bir
disiinmenin sonucu olarak anlam kazandirmistir. Boylelikle, nesnelerin
ortaya clkardigl daslnsellik, mekanin islevsel ve nesnel tanimini
izlenebilen bir stireg ve olus(um) haline getirmektedir. Nesneler, iliskiler

Sekil 3: Haritalama siireci
(Mapping process) (©2022,
MSY).

Sekil 4: Haritalama siirecinden
tlreyen nesneler (Object derived
from the mapping process) (©2022,

MSY).
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Sekil 5: Sahne nesnelerinin
mekansal deneyim hikayesinin

Uretimi (Production of spatial
experience story from stage object)

(02022, MSY).

Sekil 6: Nesneler tizerinden
atmosferik hibritleme

(Atmospheric hybridization on objects)
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(02022, MSY).

ve cokluklar Uretebilmek adina gecisli(edilgen) hale getiriimektedir.
(Sekil 5).

3.4 Asama 4: Hibrit Atmosfer (Stage 4: Hybrid Atmosphere)

Atblyenin son asamasi cizim ve sahne nesneleri arasindaki iliskilerin,
bitinclil ve tutarli yaklasimini degerlendirmektedir. Bu baglamin
gorsellestirme asamasinda atmosferik mekan deneyleri ile calisiimistir.
Sis, bulut, buhar, 151k atmosferik nitelikler olarak tanimlanmistir. Yapisal
elemanlarin, icerik ve zamanla kurdugu iliskiselliklerin, kullaniimakta
olan atmosferin niteliklerine uygun sekilde gorsel doygun hale
getirilmektedir. Cizim nesneleri ve kullanilan sahne elemanlariyla bir
aradalik kurgulanmasi i¢in ¢izim ve sahne nesneleri oncelikle kendi
aralarinda iliskilendirilmektedir. Nesnelerin ve elemanlarin birlesim
detaylari  Ureterek mekan atmosferini hibrit hale getirmesi
beklenmektedir. Hibrit atmosfer yaklasimi, Batuk’a gére atmosfere ait
niteliklerin mekanla buttnlesen, donlstiren ve bitmemislik kazandiran
mekan tanimi ile ilgilidir. Mekan tanimina katimak Uzere, cizim
nesnesinin degisken ve 06znel taniminin bu asamada tasarimcisi,
kullanict ve seyircisine goére degiskenlik gosteren ozelliklerini
aranmaktadir. (Sekil 6).

[
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Geleneksel mimari mekanin temsil nesneleri, 6zneyi “cizimden sonra
olmak Uzere” aktif ya da pasif olarak ¢agirmaktadir. Tasarim girdisinin
birinci 6nclli olan 6zne, temsil alaninda okunmaz hale getirilebilir.
Sahneyi olusturan aksonometrik ve perspektif projeksiyonlar, 6znenin
temsil alandaki potansiyellerini olusturmaktadir. Atmosferik nitelikler
ve elemanlari ile cakistinlmalar Uzerine calisilmis ¢izim nesneleri,
imajinatif mekanlara dondstiridlmustir (Batuk, 2019). Her gdzlemci,
seyirci, 6zne veya aktore gore farklilasan mekansal deneyimler, temsil

alanina gizim nesnelerinin tanim slreciyle aktariimistir. (Sekil 7).

4. DEGERLENDIRME VE TARTISMA: (CiziM NESNELERI
UZERINDEN YARATICILIK (EVALUATION AND DISCUSSION: CREATIVITY
THROUGH DRAWING OBJECTS)

Calismadaki spekilatif ¢cizim nesneleri gercek nesnelerin yerine gecen
ve tasarimcinin yaraticiligini ortaya koyan farkh bicimleri anlamlandiran
temsillerdir. Kullanilan nesneler, temsil boyutu degistikce farkhlasir ve
yeni sekillere burinir. Uretim sirasinda karsilasilan nesnenin sahip
oldugu paradigmanin disina c¢ikarilmasi hedeflenir. Konulan yeni
kurallar ile nesneler ihtiyac duyuldugu kadar degisir ve donlsur. Cizilen
her nesne, yerine gectigi gercek nesnenin kendisini temsil etmekten
gblge” ya
da “bosluk” nesne katmanlarini olusturur. Katmanlar, bicim

n o« o

daha fazlasini ifade eder. Cizime eklenen “tarama”, “cizgi”,

farklilagmasini, bir araya gelis yontemini ve nesnesel ¢zelliklerin ifade
bicimidir. Olcii baglaminda kullanilan katmanlarin ifade diliyle birlikte
sahip oldugu anlam da farklilasir. Ornegin tekil nesnenin yer aldigi yakin
bir olgekten bakildiginda kullanilan gizim elemanlarinin ifade bigimi

Sekil 7: Haritalama siirecinden
tlireyen nesneler (Object derived
from the mapping process) (©2022,

MSY).
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daha hassastir. Kullanilan her arac mekan icin bir baglami temsil eder.
Kullanilan arag, vyeri geldiginde mekanin sinirlarini da olusturabilir,
kullanicinin sirkilasyon akisini da saglayabilir ya da dogal 1s18in gecis
alanlarini da gosterebilir. Daha uzak bir 6lgekten bakildiginda ise durum
biraz farkhdir. S6z konusu nesneler kadar nesnelerin bir araya gelis
bicimi de 6nem kazanir.

Calismanin yontemi tasarim sirecinin asamalari ile Uretilen temsiller
arasindaki iliskiyi saglamaktadir. ilk olarak temsil ve olcekler arasi
gecislerin tanimi yapiimalidir. Projenin yapildigi yerlesim alaninin,
kullanilan malzemenin ve vyapi elemanlarinin girdileri, kurguyla
harmanlanarak cizim slrecindeki ana hatlari olusturur. Rastlantisal ya
da bilingli karsilasma noktalari yeni nesnelerin Uretilmesine imkan
saglar. Uretilen her nesne bir veya birden fazla karaktere sahiptir.
Cizimin bUtlnline bakildiginda géze carpan karmasa, inilen her 6lgek
boyutunda tanimli hale gelir ve karakteristik 6zelliklerini ortaya koyar.

Cizim nesneleri, kagit Gzerinde stzllerek, kula¢ atarak ya da oylece
dikilerek okuyucunun dikkatini cekmeye calisir. Yer degistirdiginde
arkasinda biraktigl iz hareketin tanimini yapar. Olusan izler, temsil igin
yeni bir cizim elemanina déndslr. Duragan nesneler ise Uzerine gelen
Isigin etkisiyle yansittigi golgeler ile dngorilemeyen parcalar yaratirken
var olan elemanlar arasinda da kodpri kurar. Boylece rastgele olusan
nesneler, bilingli yerlesen nesneler ve diger ¢izim elemanlari paradigma
dist olusum bicimlerini temsile yansitir. Olcek, farklilasan cizim boyutlari
arasinda istenilen yaklasma bicimini yakalamak icin kullanilan aractir.
Boyut degisimine duyulan ihtiyacin temelinde nesne tabanli disinme
bicimi yatar. Cizim elemanlari, kendisinden daha kicuk elemanlarin bir
araya gelmesiyle olusur. Her nokta, bulundugu olcek boyutunun izin
verdigi kadar molekdllerini aciga cikarir. Pargalarin gorindrliGga,
nesnelerin bir araya gelis bicimini tanimlar ve kullanilan 6rintd bilgisini
okunur kilar. Boylelikle nesnelerin degisken algisal ifadelerini karsilayan
temsiller ortaya cikarihr.

Plug-in City Gtopyasinda kullanilan ¢izimlere dair aktarimla ortaya gikan,
kentsel/mimari/mekanik/beseri sistemler birlikte calisir (Cook, 1999).
Cizim nesneleri, kentin var olan fiziksel ve zihinsel tetikleyicileri ile yer
degistirir. Bu sayede degisken, dinamik ve kente eklenebilen “olus
halindeki yapinin (building-in becoming)” takiimasina olanak tanir.
Mimarin ¢izim nesnelerini cagirdigi alan ile kurdugu “iliskisi olmayan”
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yaklasim bir imalat alani yaratirken gizim nesneleri aralarinda yeniden
iliskilenir (Sandler, 2015). Haritalama slrecinden tlreyen nesneler,
mevcuttaki cevresel verilerin slperpozisyonlari ihmal etmeyerek
haritalama silrecine parcacil eleman ve iliskiselliklerini ekler. Parcacil
elemanlarin cizimleri ve mekansal yorumlari isleyis, Olcek, bilgi
katmanlari arasinda korelasyonlar Uretir. Harita streci, olus halindeki
devinimli sertiveni beslemektedir (Sekil 8).

Calismanin  gorsellestirme asamasinda  kus bakisi  ve seyirci
projeksiyonlari kullaniimistir. Uretilen temsiller, zihinsel gérintileri
hedefsel veya kendiliginden olusturulmak UGzere kisisellestirmistir. Kus
bakisi  projeksiyondan, seyirci projeksiyonuna gecisler aktor
perspektifliyle tanimlanmaktadir (Sekil 9). Bryan Cantley, deneysel
calismalarinda kullanilan mekanik parcalar, isaretlemeler, taramalar, iki
ve (¢ boyutlu gizimlerin bir arada kullaniimasi anlamsal ve sembolik
katmanlagsmalar Uretir. Cizim, kisisel deneyim ve birikimleri saptamak
icin icine donerek hangi elemanin nasil kullanilacagi, ne tirden iliskiler
kurabilecegine alternatif yollar ortaya cikarir (Asar, 2020).

Sekil 8: Pargacil elemanlar,
korelasyonlar ve “olus”

devinimi (Discrete elements,
correlations and motion of

“becoming”) (©2022, MSY).
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Sekil 9: Nesneler lizerinden
atmosferik hibritleme (Uist) ve
iliskisellik (alt) (Atmospheric
hybridization on objects(top) and
relationality (bottom)) (©2022,

MSY).

Sekil 10: Korelasyon grafigi
(Correlation graph) (©2022, MSY).
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Aksonometrik ve izometrik gizimler ile desteklenmis mekanik ve tekno-
morfik cizim sahneleri hikdayenin beslendigi korelasyon yontemiyle
olusturulur. Hikdye ve cizim nesnelerinin iliskisi arasinda Uretilen pozitif-
negatif [-1,1] korelasyon, mekanin temsil alaninda potansiyellerini
ortaya cikarir (Sekil 10).

|
(korelasyon
| katsayisi)

negatif korelasyon pozitif korelasyon

-1 0 +1

Tasarim sirecinin degerlendirilebilir 6lcek yaklasimlariyla ele alinmasi,

/N

A\ 4

¢izim nesnesinin tekrarlanamaz ve o6ngorilemeyen kesiflere olanak
sagladigl degiskenleriyle iliskilerine odaklanmaktadir. Cizim; pratik,
edim ve ortam araglariyla cogalttigi korelasyonlari, lineer ve dongisel
grafikleriyle okunakli hale getirebilmektedir. Bu calisma 6zelinde de
yukarida alt basliklara ayrilarak ¢izim nesneleri Gzerinden okunakli hale
getiriimeye calisilan  sezgisel slreclerin  sayisallasmasina  dair
korelasyonlar resmedilebilir (Sekil 11). Degerlendirilirken sezgisel
streclerin algoritmasini c¢ikaran, sayisallikta Uretimine isaret edilen
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korelasyon grafigi 2B ¢izim elemanlari ile 3B nesneleri iki uca tasiyan bir
ozellige sahiptir. Ayni zamanda 2B nesneler ile subjektif yaratici
distnsel faaliyetler arasindaki bir paralellik Uzerinden kurulan
degerlendirme kanali acilmistir. Grafik, mimari atélye slrecinin en
basindan itibaren yeniden tekrar edildigi varsayimindaki distinme
edimselliginde dahi proaktif tavir takinarak degiskenler ve
iliskiselliklerine dair farklilasan olasiliklarini ortaya cikarabilir. Bu sayede
mevcut olasiliklar kapasitesinin dogurdugu degisim dinamikleri, Gretilen
korelasyon grafiginin etkin faktorlerini olusturabilir.

s
o T

e '
| N |

&

;
I /
= ) | |
§| § D G N GEE—— _‘
| \ (agama) | i (agama) 11 | (agama) | (agama) 11 (agarna) 111 |
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—————— —

T v
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sahne yaratimi

- Gizim elemani /2B nesne
D dislinsel asama /yaraticilik

E=—= 3Bnesne

Dijital araglarin kullanimi Gzerinden yaratici temsil Gretiminin bir
matematigini arayan bu calismanin katkilarini birka¢ 6lcege birden
iliskilendirerek degerlendirmek mimkindur. Bu degerlendirmeler:

1. Sezgisel streclere iliskin,

2. Korelasyonlar ve ¢agirdigl yanal ortamlara iliskin

3. Dijital Rastlanti atolyesi ve mimari atolye sireglerine iliskin
Katkilari okutmaktadir. Bu baglamda, sezgisel/bilissel slregler ile
beklenmedik 6geler veya birikimle ortaya cikarilan distnsel asamanin
sahne yaratim izlegini takip ve tekrar edebilecegi sayisal yaklasimlari
aranmas! hedeflenmektedir. Korelasyon saglayacak degiskenlerin
zaman-mekan yonulyle strece dahil edilerek belirsiz kiindigi Gst-lste
cakistirmalar mevcuttur. Cakistirilan temsillerin kurdugu bagintilara
farkli dijital tasarim araclarinin kullanildigi denemeler de eklendiginde
cok boyutlu bir korelasyon aginin olusumu goézlenebilmektedir.
Korelasyonlar aracihglyla bu belirsiz gibi goérinen karmasikligin
okunmasina donuk bilgi Gretimi olanaklari kesfedilebilecektir. Farkli
seviyelerdeki mimari proje atélyelerinin sezgisel distinme pratikleri ve
sirecleri  desteklenerek  6zglinlesebilecegi ortamlara yonelen
sinamalar, denemeler ve calismanin mimari atélye sireclerine etkisini
gorunur kilan analitik veriler de arastiriimalidir (Sekil 12). Béylece ortaya
cikarilmasini mimkdn kilan potansiyeller ve tartismalar yaratabilir.

Sekil 11: Cizim nesnelerine ait
sireg korelasyon grafigi (Process

correlation graph of drawing objects)

(©2022, MSY).
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Sekil 12: Farkl seviyelerdeki
mimari atélye slireclerinden

yontem denemesi, haritalama-

maket ¢calismasi (Method test,

mapping-model study from architecural
processes at different levels) (©2022,
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Habat Bekiroglu).

5.SONUCLAR (RESULTS)

Calismada Mardin Artuklu Universitesi, Mimarlk B&lim( mimari proje
atélyelerinden biri olan Dijital Rastlanti tasarim stldyosunun
sirecglerinden  beslenen  temsil  Uretimi  slrecleri  Gzerinde
durulmaktadir. Calismanin, atélyenin sundugu tasarim araclarini bir
yonteme dayandirma cabasi vardir. Bu yontemin Uretilebilmesi igin
korelasyon kavramindan ve bunun {zerinden okunabilecek bir
degerlendirme biciminden bahsedilmektedir. Korelasyona dayall
degerlendirme bicimi spekulatif mimari ¢izimin, dijital mimari tasarimin
glncel tartismalarindan biri olan parcacil ve slrekli elemanlar dualitesi
ile kurdugu tezat iliskiyi aciga cikarmasi bakimindan bir tartisma alani
acmaktadir. Spekulatif mimari ¢izimi dne ¢ikarirken el ¢izimi, maket ve
kolaj yontemlerinin arasinda, konvansiyonel mimari tasarim
streglerinin aksine sirali eklemeli bir sekilde mimari nesnelesmenin ayni
zamanda  sayisallastirilabilecegi  bir alan  aranmaktadir.  Bu
sayisallastirma, gorsel kodlama dillerinin sundugu kutlUphane ve
algoritmalardan ziyade, sezgisel tasarim slrecinin Urettigi matematigi
aciga cikarmak olarak ele alinmaktadir. Ele alinan atélye calismasinin
baglamini olusturan Mardin mimarisi Gzerine lokal disinceler Greten
bu arastirma, sundugu korelasyona dayali yontem ve degerlendirme
bicimleriyle de daha genis kapsamli katkilar sunmaktadir. Bu bakimdan
calismanin  sundugu mimarlikta tasarim arastirmasina  doénudk
degerlendirmeler (1) sezgisel streclere, (2) korelasyonlara dayali yanal
virtel alanlara ve (3) dijital tasarim yontemlerinin kullanildigl mimari
proje atolyelerinin temsil Gretimi bakimindan kabul edilebilirligi Gzerine
tartismalar sunmaktadir.
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Mock-up versus CAD Modeling Preferences
of Architecture Students in the Early Design Phase

Buket Samanci®, Ozge Taspinar?, Yasar Emir Karci®, Basak Cengiz®, Selen Ozdogan®, Dilek Yildiz

Ozkan®, Michael S. Bittermann’

1 MEF University, Faculty of Arts Design and Architecture, Department of Architecture,
istanbul, Tirkiye

2345 istanbul Technical University, Graduate School, Department of Architecture,
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Preferences for using physical mock-up modeling or computer-aided design (CAD)
among architecture students in the early design phase are analyzed. The data is
obtained from a questionnaire, consisting of a of nine questions. The majority of
the respondents are still in their undergraduate studies. As quantitative analysis
methods hypothesis tests based on the probability distributions known as the z-
distribution, and the Chi-squared distribution were carried out. Three issues were
investigated. The first is whether or not there is a significant difference in the
efficiency of one representational technique in the early design phase. The second
is, whether preference for one over the other technique depends on the
experience level of the students. Here two indicators for experience level were
analyzed separately, namely age and the number of years of study. Third is the
relative importance of reasons for having a preference. The results indicate that
there is a strong dependence between experience and preference. Explicitly, less
experienced students prefer CAD, while more experienced ones prefer mock-up
technique. Since the choice of mock-up modeling or CAD modeling can have a
strong impact on the design processes of both, students and professionals, the
result of the study is relevant, because it gives a hint about probable future
architecture practice.

Keywords: Mock-up modeling, Computer-aided design modeling, Architectural
design studios, Early design phase.
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Erken Tasarim Asamasinda Mimarlik Ogrencilerinin Fiziksel
ve Bilgisayar Destekli Modelleme Kullanim Tercihleri
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Ozkan®, Michael S. Bittermann’
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Tasarim, istanbul, Tiirkiye
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Bu calismada mimarlik 6grencilerinin erken tasarim asamasinda fiziksel maket ve
bilgisayar destekli tasarim (CAD) yoluyla modelleme konusundaki kullanim
tercihleri analiz edilmistir. Veriler, dokuz sorudan olusan bir anketten elde
edilmistir.  Ankette katilimcilara erken tasarim asamasinda hangi modelleme
teknigin verimliligi ve tercih sebebi sorulmustur. Katiimcilar mimarlik 6grencileridir
ve cogunlugu lisans egitimine devam etmektedir. Kantitatif analiz yontemleri
olarak, z-dagilimi olarak bilinen olasilik ve Ki-kare dagilimina dayali hipotez testleri
gerceklestirilmistir. Arastirma kapsaminda Gc¢ konu arastirilmistir. Birincisi, erken
tasarim asamasinda bir temsil tekniginin verimlilik agisindan 6nemli bir fark gosterip
gdstermedigidir. ikincisi, bir teknigin digerine gére tercih edilmesinin égrencilerin
deneyim dizeyine bagli olup olmadigidir. Burada deneyim dizeyine iliskin iki
gdsterge, yani yas ve dgrenim yili ayri ayri analiz edilmistir. Uglinciisii ise, tercih
nedenlerinin tespit edilmesidir. Calismanin sonuglari deneyim ve tercih arasinda
glcla bir bagimhhk oldugunu gostermektedir. Fiziksel maket yoluyla model
Uretiminin daha verimli olarak degerlendiriimesine ragmen bilgisayar destekli
modellemenin erken tasarim asamasinda daha sik tercih edildigi bulgusu ortaya
konulmustur. Sonug olarak, daha az deneyimli 6grenciler CAD'i tercih ederken,
daha deneyimli olanlar ise maket teknigini tercih etmektedir. Son olarak ortaya
¢ikan bu farkin nedenleri analiz edilmistir. CAD tercihi daha ¢ok teknik ve ekonomik
nedenlere dayandirilirken fiziksel maket yaparak modelleme 6lgek algisina
dayandiriimistir. Elde edilen sonuglar uzaktan egitim ve yas faktord iliskilendirilip
tartismaya acilmistir. Fiziksel maket yaparak veya CAD yoluyla modelleme segimi
hem 6grencilerin hem de profesyonellerin tasarim strecleri tGzerinde glgli bir
etkiye sahip olabilecegi icin c¢alismanin sonuglari gelecekteki olasi mimarlik
uygulamalari hakkinda 6nemli ipuclari ortaya koymaktadir.
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1. INTRODUCTION

Design is a multi-phase problem-solving process in which the method
used varies depending on the preferences a designer has. This process
starts with the production of various suggestions/ideas on the
determined problem and continues with the contribution of different
architectural representational tools. This phase has been referred to as
the ideation phase (Dorta, 2008). The utilization of representational
means is known to influence the content of the idea being represented.
This influence can be understood considering that the human mind has
limitations as to the amount of information it is able to process overtly.
One of the earliest and most well-known studies of the limitations is the
study by Miller (1956) and the ensuing work on working memory in
Psychology. From this perspective, the role of representation in design
is to temporarily externalize properties of the design being developed
in some abstract form. Theoretically, it is justified to expect the form of
a selected representation to influence the refinement process of the
design idea. This is because, each form permits the abstraction of a
specific set of design properties more effortlessly, more precisely, or
more flexibly compared to another one. For instance, mock-up
modeling starts from some physical substance having inherent
properties as to its amenability for bending, cutting, or molding, as well
as its reflectance of light, Whereas in CAD modeling materiality is
assigned after geometric features have been specified in sequence
while constraints inherent to material as to interaction with light or
ensuing shape modification are subject to explicit simulation in the
computer-based representation, if such is taken care of at all. The
process ends with the development of the most consistent proposal
among the alternatives and obtaining a final product.

The early design phase refers to the preliminary process of developing
a preliminary design idea, i.e., establishing a basis for specifying details
of the design later on. From this point of view, a study with both
qualitative and quantitative content was designed together with the
hypothesis, experiment/research carried out, and it was aimed to bring
a new perspective to the literature on this subject. The early design
phase is one of the most important ones, in which the design idea is
grounded in the conceptual sense. It covers the steps of researching,
analyzing, and producing information about the problem, synthesizing
information, searching for alternatives, screening, and forming ideas

Mock-up versus CAD Modeling Preferences of Architecture Students in the Early Design Phase



that will be input into the design. There may be transitions between the
mentioned phases, or the early design phase can be completed with
the idea based on a single phase.

For conceiving and verifying a design idea, every design discipline uses
some technique to represent it. Techniques vary according to the
working principle of the respective discipline. In architecture, there are
two commonly used techniques, which are mock-up modeling and
computer-aided design (CAD). Mock-up modeling refers to
representing a design by means of a physical entity, generally produced
at a significantly different scale compared to the design it represents.
CAD refers to representing a design in virtual reality, namely via a 3-D
object stored in computer memory, that is subject to visualization on a
screen.

Each of the representational techniques has a specific benefit to the
professionals and students using them. The extent to which these
techniques are used becomes more important, especially for
architecture students, since they are learning to express their thoughts
and transform their ideas into the real world.

The hypothesis of the research is that in architectural design studios,
the level of design experience of a student and the preference for
representational means are independent; while the alternative
hypothesis is they are dependent. Investigating the mock-up and CAD
modeling preferences of architectural students in the early design
phase, while taking the experience of the students into account, is an
issue that has been omitted in the existing literature thus far. In this
respect, this work fills a gap in the literature.

In a time where computer-aided-design techniques, such as parametric
design are on the way to becoming an industry standard, it is relevant
to make explicit the apparently prevalent popularity of a more
traditional technique, namely mock-up modeling and the reasons for it,
to verify the justifications of the preferences. The purpose is to
conscientiously choose among the techniques for the benefit of the
design result.

In section no.2, a literature review is presented, about the advantages
of CAD modeling and mock-up modeling as well as the concept of the
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early design phase. A number of advantages one representational
technique has over the other one have been described in the existing
literature, and these were taken as the categories of the questionnaire
prepared in this research. As a refinement of the existing works, the
advantages described in the existing publications are further
investigated in this study; namely, the existence of the preference is
analyzed in terms of statistical significance; the dependence of
preference on experience is analyzed as well as the relative importance
among the reasons for the preference are quantified.

In section no.3, the research methodology is explained. According to
the hypotheses, a questionnaire is prepared and applied to the
students of architectural design studios from different universities
including Istanbul Technical University and Middle East Technical
University.

In section no.4, the collected data is statistically analyzed and
discussed. Quantitative analysis is carried out by testing several
hypotheses using the appropriate statistical tests; namely a test based
on the z-distribution, and one based on the Chi-squared distribution.
This is followed by conclusions.

2. LITERATURE REVIEW OF MOCK-UP MODELING AND CAD
MODELING AND THEORETICAL FRAME

2.1 Literature Review

A design idea is essentially generated in the human mind essentially in
three-dimensional form (Hadia & Elias Ozkan, 2016). Until a design idea
is converted into a physical object, a ‘design is essentially a figment of
the designer’s imagination’, although, ideas may be communicated
through drawings or specialized design media (Collopy, 2004). Ideation,
in this case, can be described as a reflective representational
conversation (Dorta, 2008). The effective use of architectural
representation media (sketches, physical-digital models, technical
drawings, etc.), which serve as the expression of figments throughout
different design phases, starting from the early design phase,
contributes to the idea development process (Cannaerts, 2009).
Marcos (2022, p.823) puts forward the stages of architectural design:
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“The process of architectural design is complex and progressive. To
achieve its final form a work of architecture must undergo several
stages in a formative process such as inception design, schematic
design, design development, and construction documentation. The two
initial phases could be regarded as part of the ideation process whereas
the other two could be regarded as more descriptive and
representational: the development of the design.”

Different authors present different ideas on design processes and
describe the phases of the design process. While these process
definitions differ in detail, the common idea is that these steps consist
of a set of definable activities in a logical way. However, it is not always
possible to carry out these steps in a certain order. Analysis, synthesis,
and evaluation steps are included in this process, but the development
of the design process need not be in a foreseen direction. The design
product emerges because of complex mental processes; thus, it is not
the result of a linear production process. It is produced by experiencing
different steps in a tight sequence, possibly with repetition (Lawson,
2005).

Throughout the design processes, students need to visualize their ideas
in a 3-dimensional manner. For this purpose, a model of a design, either
in physical or digital form is established. Such a model can be
metaphorically referred to as a lens that accompanies the development
of ideas throughout the design process from the early design phase,
sometimes focusing on a specific point, and sometimes taking a general
point of view. The purpose is to prepare the ground for the exploration
of alternative approaches with transitions among different scales. A
virtual model contributes to the development of ideas by revealing new
questions and revealing non-obvious aspects such as a greater
definition of each element, amount check, and details of data (Empler,
2018). Prototypes obtained by modeling are important to realize
inconsistent situations in the solutions produced for the problem in
design. Especially in the early design phase, the margin of error that
may occur within the scope of the proposal can be reduced to the
minimum, together with the inquiries and trials made by producing
prototypes (Heidari, 2018).
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There are two modeling techniques commonly used in architectural
design. These are mock-up and CAD modeling. There are different
studies in the literature about mock-up and CAD modeling preferences,
their effects on education, design thinking, etc. (Table 1). Some of the
research studies these different methods during the early design phase
and some of them point out how the techniques are preferred among
architecture students. Ozbaki et al. (2016) compare a designer’s
preference between the physical model and the digital model. The
comparison focuses on the relationship between design and
productivity, suggesting that digital modeling provides higher
productivity than physical modeling. Kristianova et al. (2018)
investigate the trends in the use of mock-up and CAD combination in
the design of architecture, trends can be listed as the capacity for
production, the sophistication of representations, and the ability to
define complex geometries. Throughout the article, the potential of the
techniques to improve the educational environment in the academy is
emphasized while handling different techniques simultaneously. Sun et
al. (2013) put forward the reason why physical modeling is still used
commonly even after the developments in digital modeling is because
of enhanced comprehension of the scale of a design. Hadia and Elias
Ozkan (2016) found that among the two different techniques, the
majority of architecture students prefer mock-up modeling compared
to CAD.

Production of mock-up models is one of the means of expression in
design processes. It is an important tool in terms of testing the three-
dimensional organization of the design and studying the visual
perception of spatial relations. Preparing a mock-up model is to
produce in physical form a scaled variant of the proposed design.
Sometimes the representation includes the surroundings of the design
object; it can be made from different materials having different
textures.

The mock-up model, as a three-dimensional and concrete expression,
has an important place in design studios and architectural design
processes. Beginning from the early design phase, in terms of practical
intellectual expression, a product can be easily created even with a
small number of materials. Learning continues while making the mock-
up model during the production process. When combining the
materials used, new possibilities are investigated with the material
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properties (Kim, 2019). The usage areas of mock-up modeling in the
studio environment and professional life have been diversified since
the early design phase, such as working models, sketch models,
presentation models, etc. (Empler, 2018). The fact that the mock-up
model is a tangible entity makes it easy for the designer to become
aware of the implications of the design idea (Rowe, 1987).

With the development of personal computers, CAD became another
frequently used representation technique in design processes (Sun et
al., 2013). CAD offers a new medium for designing architectural objects,
enriching the design process culture. It has features that pertain to
different phases of the design process. It is sensitive, detailed, easy to
produce, can be easily intervened, and can construct different options
with different geometries (Empler, 2018). However, according to Dorta
(2008), when it comes to generating new ideas, there is a void of digital
tools in the early design phases. On the other hand, Lee and Yan (2016)
show that participants feel restricted in ideation while sketching in
terms of expressive capability after using CAD.

During the modeling process in CAD, the designers’ personal speed, and
dominance over the program allows them to express themselves
competently through that design. The CAD features and digital
modeling process gives faster results compared to the mock-up
modeling process. However, the longer time spent producing the mock-
up model compared to CAD has perhaps more potential for the
development of ideas. A good understanding of the limits of CAD can
generate new inspiration for its design potential (Empler, 2018).

The other spatial technological movements such as augmented reality
VR (Virtual Reality), and AR (Augmented Reality) in CAD have also
increased the popularity of this genre. Such developments offer
designers an experience, similar to the spatial experience directly
delivered by the mock-up model. VE (Virtual Environment) studies are
carried out to strengthen the physical experience side of VR and AR
technologies (Kristianova et al., 2018). With the easy manipulation of
CAD, student groups working in studios, especially in the early design
period, are likely to use environmental factors as input to the design
and quickly create options with new geometries (Heidari, 2018). In
addition, another important feature of CAD is the ability to quickly
produce alternative ideas, which are developed with computational
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designs of geometric forms with its parametric, algorithmic,
infrastructure (Empler, 2018). As changing the viewing location and
direction in CAD is effortless, the same virtual object is subjected to
visual inspection from different angles, such as the perception of space

from the perspective of a driver and a pedestrian (Ozbaki et al., 2016).

From Table 1, one notes that there are very few quantitative studies
dealing with a similar research question. Among those that do use a
guantitative method, it is important to point out that their research
guestion does not concern the difference in the preference between
CAD and mock-up modeling, which is the question addressed in this
work. There is a single study in the table, Hadia, H. & Elias Ozkan, B. S.
(2016), that does the preference question. The differences with the
present work are as follows. The sample is not exclusively taken from
students, but it involves practicing architects. The experience levels
among students are not specified and therefore the dependence of
preference on experience level is not subject to consideration in that
study. Thirdly, the usage data of CAD in phases other than the early

Table 1: Table summarizing the
comparison of some of the
existing literature.

design phase is mixed with the data for the early phase. That is, the
present work uniquely deals with the preference question for the early
phase in a quantitative manner.

REF. Subject / Aim Qualitative / Statistical Method &  Result
Quantitative Significance Level
(if any)
Bhavnani, S. Comparing the functionality among different Qualitative not applicable Identification of a set of effective strategies;
K. (2000). commonly used software for visualization, guidelines for developing such strategies and
propagation, organization, and iteration detecting missing functionalities.
Bhavnani, S. Develop a method that is suitable as a basis for Qualitative not applicable Suggesting potential applications in improving
K., & Bates, testing and research on the cognitive aspects of search expertise, training, and design of
M. J. (2002). information searching on CAD educational materials.
Bhavnani, S. Improve design processes in CAD environment. The Qualitative not applicable The study analyzes and suggests user algorithms to
K., & John, B. different ways of design are analyzed and an efficient increase efficiency and productivity.
E. (1997). one is found to decrease time consumption in
processes.
Bhavnani, S. Teaching students efficient strategies to use Qualitative not applicable The study shows the strategic use of CAD training
K., John, B. computer-aided drafting systems rather than the can provide efficiency and productivity.
E., Flemming, persistence of inefficient methods.
U. (1999).
Bhavnani, S. Presenting efficient and general strategies for using Qualitative not applicable Efficient and general strategies can be taught to
K., Reif, F., & computer applications, and identifying the students of diverse backgrounds in a limited time
John, B. E. components of strategic knowledge required to use without harming command knowledge.
(2001). them.
Bhavnani, S., To advocate for the development of adaptive Qualitative not applicable If today’s CAD interfaces are designed for an
Garrett, J., & interfaces in CAD systems, based on the study of user unchanging canonical user and allow minimal
Shaw, D. behavior patterns, to improve user performance, and customization, tomorrow’s CAD interfaces should
(1993). to address the challenges posed by the complexity of dynamically adapt to the needs of many different
CAD software. users.
Bhavnani, S., To advocate for the development of adaptive interfaces in Qualitative not applicable If today’s CAD interfaces are designed for an
Garrett, J., & CAD systems, based on the study of user behavior unchanging canonical user and allow minimal
Shaw, D. patterns, to improve user performance, and to address customization, tomorrow’s CAD interfaces should
(1993). the challenges posed by the complexity of CAD software. dynamically adapt to the needs of many different
users.
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REF. Subject /Aim Qualitative / Statistical Method &  Result
Quantitative Significance Level
(if any)
Cannaerts, C. Questioning the relationship between digital and Qualitative not applicable Digital modeling brings an exploratory approach in the
(2009). physical models and their status as architectural design stages, as it is faster than physical modeling and
models through their relationship with the early allows for multiple changes.
design phase.
Chapman, G. To show the links between the learning process of Qualitative not applicable Students experimented extensively with the computer and
(1995). industrial design with the adaptation of CAD. came up with designs that they would never have thought
of had they been using conventional means.
Chester, I. To discuss the teaching environment of CAD learning Qualitative not applicable Students, who spend more time on the computers, had
(2008). by understanding and showing pedagogic links equal command knowledge but greater strategic
between expert-studentrelations. knowledge.
Gil, E., & Pakdil, To explore and identify the instructors' Qualitative not applicable The design faculty sees the computer as a drafting tool and
0. (2007). conceptualizations and evaluations of the relationship an aid for visualization and 3D modeling, emphasizing that
between design and computers in education. the potential of computers is not fully used in terms of
design thinking tools.
Dorta, T. To create a system that enables designers to sketch Qualitative & NASA Task Load The students reported being in the state of flow more
(2008). and make models all around them in real-time and Quantitative Index (TLX). often in the Hybrid-Ideation-Space (HIS) than with digital
real scale using a digital tablet, image capture, and a Significance Level is or physical modeling.
spherical projection device. not given.

Hadia, H. & Elias

To establish the degree of tangibility in model making

Qualitative &

descriptive statistics

Between the two different, handcrafted and digital

Ozkan, B. S. as opposed to conventional and computational design Quantitative modeling, 61% of the 87 participants, preferred to use the
(2016). approaches; and the iconic limitation of both types of handmade while 39% chose digital modeling techniques.

modeling in design.
Hanna, R., & To examine the advantages and disadvantages of Qualitative not applicable The shifting in the quality of design solutions is observed.
Barber, T. students' design experiences before and after using However, CAD was found to help design cognition,
(2001). CAD through an experiment. creativity, and intuition.
Kristianova, K., To evaluate the possibilities and the feasibility of Qualitative not applicable Rapid developments of new technologies that influence
Meciar, I., using innovative technologies in physical 3D modeling the design process substantiate the constant research on
Joklova, V. education. aspects of their impact on the ways of education.
(2018).
Lee, S. & Yan, J. Questioning how the experience of a design tool Qualitative & Wilcoxon’s signed- The silhouette-drawing interface of Silhouette Modeler
(2016). affects the designer’s ideation. Quantitative ranks test. performed better than SketchUp in terms of the diversity

*p<0.05; **p< of supported shapes a decisive advantage in the
.01; *** p<.001 conceptual stage.

Ozbaki, C., To analyze the design processes carried out with Qualitative & Linkograph method. Productivity levels of protocol studies carried out in mock-
Gagdas, G., different design tools on an individual designer basis Quantitative 4 CM4>and 2 CM4<  up and CAD environments are close to each other.
Kilimci, E. in terms of design productivity. in the range M1-43 Structural patterns seem to be different.
(2016).
Stevens, G. To describe the evolution of CAD-based programs in Qualitative not applicable CAD programs should be used to assist the professional
(1997). the market over time, and their use by designers, development of designers.

firms, and architecture schools.
Sun, L., Fukuda, To focus on the differences in spatial understanding Qualitative & Infinitesimal change Compared with the virtual model, the physical model

T., Tokuhara, T., between physical and virtual models. In particular, it Quantitative calculation tended to enable quicker and more accurate comparisons
Yabuki, N. emphasizes the perception of scale. %5 & %1 of building heights.
(2013).
Tasli-Pektas, S, The article aims to show the link between CAD user Qualitative & t-test As a result, the male learning attitude is more positive than
& Erkip, F. and their attitudes to the design process. Quantitative *p< 0.05; the female attitude towards the CAD design process.
(2006). **p<0.001; *** p < However, it is not related to the instructor or learning
.005 environment.
Togay, A., To frame the problems related to the structure and Qualitative not applicable It was observed that their knowledge regarding the
Coskun, M., timing of CAD courses. program that they first met is more durable and they were
Gines, S. & more enthusiastic to develop their skills.
Glnes, C.
(2016).
Wood, J. To investigate and compare how technology, Qualitative not applicable The study found that each curriculum subject uses ICT
(2003). specifically information and communication distinctively, has singular hardware requirements, and is
technology (ICT), is used in the field of Art and Design treated differently in terms of resourcing and access.
education compared to its use in other subjects.
Yang, F.C., & To create a database for student learning types and Qualitative & ILS Test. There was a correlation between the perception of
Lynch, R. differentiation; comparison of learning styles, Quantitative CTC Score. learning style and grade; in terms of demographic factors
(2014). learning performance of learning styles, of new and Significance Level is and learning style preferences, no statistically significant
current students and their styles of learning, the not given. differences were found
exercise repetition numbers of the CAD users to learn
and improve.
Ye, X., Peng, W.,  The article aims to answer the roles of CAD education Qualitative not applicable Certain topics are required for all CAD users and should be
Chen, Z,, & Cai, curricula in the professional industry. taught in university education for the professional career.
Y. (2004). However, for engineering disciplines CAD is a

communication tool, it does not do their job or make them
better engineers.
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2.2 Theoretical Frame

Recognizing the complexity and diversity of the cognitive process
involved in the early design phase, as well as the diversity of objects
that can be subject to architectural design, postulating a general
preference for one representational medium over another one
exclusively based on theory is a problematic issue. Accordingly, a study
combining qualitative and quantitative considerations was devised,
establishing several hypotheses and carrying out the experimental
verifications of them. It was tried to find answers to the question, of
whether one of the representational techniques is to deem more
preferable and more efficient by students in early design phases, and
on which condition such a preference depends, if any. A number of
advantages one representational technique has over the other one
have been described in the existing literature, and these were taken as
the categories of the questionnaire prepared in this research.

Due to the complexity of the cognitive process involved in the early
design, in particular, referring to the entanglement of ideation and
representation, the theoretical frame underlying the knowledge
elicitation in the study at hand is the probability theory of mathematics.
Specifically, the concept of probability density is applied, while the
following two positions are taken. The first one: the probability density
known as the Chi-squared distribution is deemed to duly represent the
sample noise when the independence in probabilistic sense among two
variables is being verified, while no assumption is being made about the
probability distribution underlying the variables themselves. The latter
approach belongs to the inference paradigm known as non-parametric
statistics. The second one: the Gaussian-shaped probability distribution
known as the z-distribution, when the shape parameter of the
distribution is determined by the quantity known as the standard error
of the mean, is deemed to represent sample noise when two samples
are taken from the same population. The latter approach belongs to the
inference paradigm known as parametric statistics. Details on the
probability theoretical aspects of both paradigms are described, for
instance, in (Ash 1996), while details on the justification from the
application perspective are described, for instance, in (Freund and
Perles 2004).
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3. METHODOLOGY

3.1 Scope of the Research Methodology

The scope of the research is to investigate the preference for mock-up
and CAD modeling in the early design phase, in terms of different age
groups as well as revealing the preference reasons of each. Also, it
examines the efficiency rate of these modeling types for the early
design phase. The hypothesis of the research is that the modeling type
preference is independent of age, whereas the alternative hypothesis
is that the younger generation tends to use CAD, whereas the older
generation is inclined to use mock-up modeling in the early design
phase.

To test these hypotheses, a questionnaire is prepared to use both
gualitative and quantitative data. While the questionnaire consists of
guestions for ensuing statistical treatment based on the z-distribution,
and Chi-squared distribution, it also includes questions that can be
analyzed according to the qualitative value of the answers.

One can note that the above data collection implies that the
conclusions are limited to the student population, that is the result may
not apply to professionals in the same way. Another limitation of the
study is that it is restricted to comparing CAD with mock-up modeling,
thatis other representational techniques are out of the scope. The third
limitation is that the questionnaire is used as a data collection
technique rather than an interview or other techniques. The rationale
is the effectiveness of statistical inference.

3.2 Data Collection

The questionnaire technique was used to collect data from graduate
and undergraduate architecture students. It is collected online via
forums, social media of two state universities, and commonly used
telecommunication applications. It must be supposed that the access
to the questionnaire was equal for every student. The age of the
students differed from 18 years to about 30 years of age, a total of 101
people participated in the questionnaire. The sample was formed by
randomized sampling as it always must be in statistical inference. The
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Table 2: Questions that are
conveyed to the respondents.
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guestionnaire was created with the title “Which is better; Mock-up
modeling versus CAD modeling in the early design phase in architectural
design studios?”. The questionnaire consists of 9 questions. 1 question
is to determine the preference of modeling technique, 2 of the
guestions are rating-based, 5 of them are multiple-choice, and 1 of
them is an open-ended question (Table 2). The questionnaire starts
with general questions, such as which one is preferred, and which one
is more effective as well as the reasons for preference of use. Then, the
reasons to prefer the chosen modeling type were the subject of the
guestions. Some of the options of reasons for preferences were listed
according to the codes mentioned in the existing literature. It was also
asked to rate the preferred modeling technique in terms of efficiency.
Another question was to select three advantages of efficiency for mock-
up and CAD modeling respectively. In the open-ended question, the
participants were asked to explain the reasons for their preferences,
which were not mentioned in the other multiple-choice questions. The
last three questions of the questionnaire concerned the participants’
educational status, age, and gender information as demographic

information.
Questionnaire
1. Which tool (CAD or Mock-up) do you usually prefer in the early design phase?
2. Which of the following are the reasons for the preference for mock-up modeling?
3. How would you rate the efficiency of using a Mock-up model in the early design phase?
4. Which of the following are the reasons for the preference for CAD modeling?
5. How would you rate the efficiency of using CAD modeling in the early design phase?
6. Is there anything that you want to add about your preference for Mock-up or CAD modeling in

the early design phase?
What is your academic level?

|~

How old are you?

9. What is your gender?

3.3 Analysis Techniques and Respective Purposes

To examine the hypothesis about the relationship between the
preference for modeling technique and age groups, the hypothesis test
for two means based on the z-distribution was used to test whether the
efficiency of two different modeling techniques differs significantly or
not. The sample size is selected so that the probability distribution
known as the z-distribution applies for high sensitivity in the estimation
of the standard error of the mean. The explanation is included in the
theoretical part of the work. The chi-squared distribution is applied to
identify whether the preference is dependent on age or not. To
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compare the dependency of preference for modeling technique and
age, the data consisting of 101 responses are categorized with respect
to age.

4. FINDINGS & DISCUSSION

4.1 Descriptive Statistics

The first question was ‘Which one do you use more frequently in the

early design phase’. It is to obtain an important part of the answer to
the main question of the study. The majority of the participants (62.4%)
prefer CAD modeling over mock-up modeling (37.6%) as seen in Figure
1.

@ Mock-up modeling / Fiziksel modelleme

62,4% @ CAD modeling / Bilgisayar destekli
modelleme

Figure 1: Pie chart showing the
preference ratio of mock-up

versus CAD.

Among the most preferred reasons for using a mock-up model,
perceiving the scale ranks first, flexibility to modify ranks second, and
producing time and efficiency ranks third among the relevant reasons
for preference. From this point of view, it may be possible to evaluate
the reasons for to use of physical models as tangible aspects (Figure 2).
Understandably, none of the 38 students had chosen the economic
issues for mock-up modeling, since clearly, mock-up requires the
purchase of materials.

Figure 2: The histogram calculation NI 6

Showing the reasons Why ) perceiving the scale | 35
space and tool requirements for production I 4
students prefer mock-up producing time and efficiency IR 17
. use of representation material S 10
modellng. capability to use chosen modelling technique I 14
Empler, 2 testing structure MM 9
' ‘ aesthetic quality I 12
economical issues 0

flexibility to modify | 32
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Figure 3: The histogram
showing the efficiency ratings
of mock-up modeling.

Figure 4: The histogram
showing the efficiency
ratings of CAD modeling.

Figure 5: The histogram
showing the reasons why
students prefer CAD modeling.

Emple 8

Sun et. ¢
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The question underlying Figure 3 was rating the efficiency of mock-up
modeling and Figure 4 of CAD modeling. The two mean values and
standard deviations are indicated in the figure in red font. The mean of
mock-up is higher than that of CAD, and the significance of this
difference is identified in the following subsection.

4,37
frequency 1
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1 2 3 4 ! 5 student ratings
frequency 14,03
1
35 33
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The questions were asked in the same order in CAD modeling. Among

student ratings

the most preferred reasons for using a CAD model, flexibility to make
changes ranks first. This answer was one of the most given answers for
Mock-up modeling. Therefore, the flexibility to make changes has been
avalid and important reason for both methods in this sense. Production
time and efficiency rank second and, economic reasons rank third
among the relevant reasons for preference as seen in Figure 5.

'calculation I 28
perceiving the scale . 12
space and tool requirements for production I 18
producing time and efficiency I 51
use of representation material I 17
capability to use chosen modelling technique I 28
testing structure I 8
aesthetic quality I 73
economical issues I 44
flexibility to modify | 53
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(students)
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In this age of technology, where everything starts going digital,
economic reasons may be both a preference based on location and a
result of this transformation. The possibility to calculate fast and design
accordingly seems to be another important factor in the preference for
CAD modeling.

In the open-ended question left as an option, the reasons for preferring
Mock-up or CAD modeling in the early design period were asked and
different answers were received. The most common point is that the
form of education and experience in the chosen technique play an
active role in making one of these two choices. 33.7% of the
respondents are graduates. 29.7% of them are 4th-year, 15.8% of them
are 3rd-year, 6.9% are 2nd-year and 13.9% are 1st-year undergraduate
students. The age range of the responders; is 56.4% of them are 22-25;
23.8% of them are 18-21; 11.9% of them are 26-29; and 7.9% of them
are 30+ years old. 64.4% of the respondents were female and 31.7%
were male (Figure 6). As a result, the fact that experience and education
are kept in the foreground together with the open-ended question and
the radical change in age ranges emphasizes that preferences change
over age in the early design phase. After training in CAD programs at a
younger age, young people tend to prefer CAD more, while the older
generations tend to produce physical modeling. CAD modeling, which
started to be used more widely and frequently with online education,

Figure 6: Demographic was seen as more productive by the students who coincided with this

characteristics of respondents. . . .
online education period.

@ 1st year of bachelor / Lisans 1. ® 18-21
@ 2nd year of bachelor / Lisans 2. ® 22-25 \ @ Female / Kadin
26-29 @ Male / Erkek
® 30+ @ Other/ Diger

{ 3rd year of bachelor / Lisans 3.
@ 4th year of bachelor / Lisans 4.
7 @ Graduate / Mezun

4.2 Inferential Statistical Analyses

We identify whether the difference between the two mean values seen
in Figure 3 and Figure 4 is significant. For this hypothesis test for two
means using z-distribution applies (Johnson & Wichern,2007). The z
score obtained was z = 2,21 (Table 3). The hypothesis we are about to
test is explicit as follows:
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Table 3: Z distribution on
efficiency of two techniques.
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H,: the difference among the sample means is not significant, i.e. it is
likely to be merely a manifestation of sampling noise, and unlikely due
to some discernable cause or reason.

H,: the difference among the sample means is significant, i.e. it is
unlikely to be merely a manifestation of sampling noise, but it is likely
due to some discernable cause or reason.

The obtained z value is above the z critical value (1,96) when
significance level & = 0.05 is applied. As a result of this test, it can be
said that the efficiency of mock-up and CAD in architectural studios
differs. Mock-up modeling is considered significantly more efficient
than CAD modeling. (Table 3).

CAD MODELING MOCK-UP MODELING
Mean 4,03 4,37
Standard Deviation 0,78 0,71
Number of participants 63 38
z 2,21
z Critical one-tail 1,64
z Critical two-tail 1,96

(a=0.05)

At first glance, the superiority of mock-up as to efficiency is
contradictory to the preference for CAD modeling seen in Figure 1. The
reconciliation of this apparent contradiction will be given in the
discussion section.

Emphasizing the age of the students differs substantially, it is
interesting to consider whether age affects the preference of CAD over
mock-up. To verify the possible dependency among the two variables
age and preference we apply the Chi-squared test of independence
(Johnson & Wichern, 2007). A contingency table was formed by
classifying the respondents into CAD or mock-up preference, as well as
four age groups as seen in Table 4. The hypothesis we are about to test
is explicit as follows:

H,:p(age|pref) = p(age); that is, age and preference are
independent variables.
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Hy:p(age|pref) # p(age); that is, age and preference are
dependent variables.
Contingency table
Age 18- 22- 26- 30+ Grand Total
21 25 29
CAD modeling 21 38 3 1 63 0,62
Mock-up modeling 3 19 9 7 38 0,38
Grand Total 24 57 12 8 101
0,24 0,56 0,12 0,08
Probabilities under
hypothesis
Age 18- 22- 26- 30+ Grand Total
21 25 29
CAD modeling 0,15 0,35 0,07 0,05
Mock-up modeling 0,09 0,21 0,04 0,03
Grand Total 24 57 12 8 101
expected frequency
Age 18- 22- 26- 30+ Grand Total
21 25 29
CAD modeling 14,97 3555 7,49 4,99
Mock-up modeling 9,03 21,45 4,51 3,01
Grand Total
P chi-squared value
Table 4: Chi-Squared Age 18- 22- 26- 30+ Grand Total
distribution calculations of 21 25 29
the parameters age & CAD modeling 2,43 0,17 2,69 3,19
Mock-up modeling 4,03 0,28 4,46 5,29
preference. Grand Total 22,53

A contingency table was created by considering age groups and
preference parameters as prescribed by the statistical inference
method. Explicitly, the number of students in each parameter was
summed. The probability of each parameter is estimated based on the
data obtained from a total of 101 students. Then, a common probability
is obtained by multiplying the disaggregated probabilities to get the
common probability of the two parameters. The expected frequency is
obtained in accordance with the rule from probability theory. As a
result, the frequency of students expected under the hypothetically
assumed independence is subject to comparison with the observed
frequency. The comparison is carried out by applying the Chi-squared
distribution as follows. The noise that is due to sampling, thus that is
not indicative of the hypothesized independence of the two variables
at hand, is deemed to be Chi-square distributed when the squared
difference between the two frequencies are respectively scaled by the
expected frequency and the results summed up (Freund and Perles,
2004).
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The total Chi-squared value for the contingency table is 22,53 and
applying the significance level a = 0.01 the value is significantly
greater than 11,34 which is the critical Chi-squared value at this
significance level (Table 4). Therefore, the null hypothesis is to reject,
and the alternative hypothesis is to accept; namely, the result is strong
evidence that the two variables are dependent on each other.

The expected frequency of CAD modeling between the ages 18-21 was
approximately 15 students, and mock-up modeling was 9 students;
although, it obtained 21 CAD and 3 mock-up on the questionnaire.
Moreover, the expected frequency of CAD modeling at the age of 30+
was 5, and mock-up modeling was 3 students; although, it is obtained
1 of CAD and 7 of mock-up modeling. The expected frequency and the
obtained values from the questionnaire would be similar if the two
variables were independent of each other. Following the lower Chi-
squared value would result in a lower than the Chi critical value.

Explicitly, older students prefer mock-up modeling over CAD modeling,
while younger students prefer CAD modeling over mock-up. The Chi-
squared distribution value of the participants aged between 22-25 is
close to zero. This means the observed frequency of preference is close
to that in case the two variables age and preference are independent.

However, age is not the sole indicator of the experience level of a
student. A second indicator is in the education level, i.e. the year of
study the student is currently registered in. Thus, in order to verify the
dependence between preference and experience level more
thoroughly, a second Chi-squared test of independence is carried out.
This time, five categories containing the educational level are taken into
account with respect to their preference for modeling techniques. The
aim is to compare two results of the two Chi-squared tests to verify
whether both yield the same conclusion or not. Explicitly, the
hypotheses we are about to test are explicit as follows:

H,:p(experience level|pref) = p(experience level); that s,
experience level and preference are independent variables.

H,: p(experience level|pref) # p(experience level); that s,
experience level and preference are dependent variables.

263

Mock-up versus CAD Modeling Preferences of Architecture Students in the Early Design Phase



Table 5: Chi-Squared
distribution calculations of
the parameters experience

level & preference.

The total Chi-squared value for the contingency table is 24,41 and

applying the significance level &« = 0.01 the value is significantly higher

than 13,28 which is the critical Chi-squared value at this significance

level (Table 5). Therefore, the null hypothesis is to reject, and the

alternative hypothesis is to accept: the result corroborates the one that

is due to Table 4; namely, there is strong evidence that the two

variables are dependent on each other. Explicitly, when the educational

level is high, mock-up modeling is preferred over CAD modeling, while

students who are early in their study prefer CAD modeling over mock-

up. The Chi-squared distribution values of the participants of the 279,

3rd and 4™ levels are close to zero. This means the observed frequency

of preference is close to that in case the two variables age and

preference are independent.

approximately 9 students, and mock-up modeling was 5 students;

although, it obtained 14 of CAD and 0 of mock-up on the questionnaire.

Moreover, the expected frequency of CAD modeling at the graduate

level was 21, and mock-up modeling was 13 students; although, it

obtained 11 CAD and 23 mock-up modeling.
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Contingency table

Bachelor Degree Ist 2nd 3rd 4th Graduate Grand
Year Year Year Year Total

CAD modeling 14 5 13 20 11 63 0,62

Mock-up modeling 0 2 3 10 23 38 0,38

Grand Total 14 7 16 30 34 101
0,14 0,07 0,16 0,30 0,34

Probabilities under

hypothesis

Bachelor Degree 1st 2nd 3rd 4th Graduate Grand
Year Year Year Year Total

CAD modeling 0,09 0,04 0,10 0,19 0,21

Mock-up modeling 0,05 0,03 0,06 0,11 0,13

Grand Total 14 7 16 30 34 101

expected frequency

Bachelor Degree Ist 2nd 3rd 4th Graduate Grand
Year Year Year Year Total

CAD modeling 8,73 4,37 9,98 18,71 21,21

Mock-up modeling 5,27 2,63 6,02 11,29 12,79

Grand Total

Chi-squared value

Bachelor Degree 1st 2nd 3rd 4th Graduate Grand
Year Year Year Year Total

CAD modeling 3,18 0,09 0,91 0,09 4,91

Mock-up modeling 5,27 0,15 1,51 0,15 8,15

Grand Total 24,41

The expected frequency of CAD modeling on the 1%t level was
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Taking both tests of independence together, very strong evidence is
obtained that the two variables, experience level and preference for
representational technique are dependent in the sense defined by
probability theory. When the experience level of students is very high
compared to novice students it is significantly more likely compared to
the other students that he or she uses mock-up. The same conclusion
applies in reverse. From Table 5 one notes the influence of experience
on the preference of mock-up becomes gradually more and abruptly
more after graduation. Precision identification of the cause of this
sudden increase in preference is subject to further study in future work.

4.3 Discussion

According to the statistical analyses mock-up modeling is considered to
be more efficient for the early design phase among architectural design
studio students, for the following top three reasons that are provided
by those respondents, for whom the preference rate of mock-up is as
low as 37.6%. The leading reason why mock-up modeling is preferred
is that it helps to perceive the scale of the work, which 35 of 38 people
chose in the questionnaire (92%). The second leading reason is that
mock-up modeling gives the flexibility to modify the model, with the
choice rate being 32 of 38 people (84.2%). The third leading reason is
that producing time is efficient, with the choice rate being 17 out of 38
people (44.7%). In the ‘other’ section, a respondent who is between 26-
29 years old has written down the reason why she prefers the mock-up
modeling as ‘including the coincidence circumstances into the model
while producing’. Other additional responses can be listed as ‘better
kinesthetic perception of the model’ and ‘the feeling of the modeling’.
When these answers are analyzed and compared within the group of
mock-up modeling sections, the options that have more sensual and
aesthetical qualities are selected as the reasons why mock-up modeling
is preferred.

CAD modeling is more frequently used in the early design phase among
architectural design studio students. In this case, CAD modeling is the
preferred technique because of the following three reasons that are
provided by the respondents, among which the preference rate of CAD
modeling is 62.4%. The leading reason why CAD modeling is preferred
is that it is flexible to modify CAD models, which 53 of 64 people chose
in the questionnaire (82.8%). The second leading reason is the
production time and efficiency, with the choice rate being 51 out of 64

Mock-up versus CAD Modeling Preferences of Architecture Students in the Early Design Phase



people (79.7%). The third leading reason is economic issues, with the
choice rate being 44 out of 64 people (68.7%). Another reason that has
been mostly selected is the potential of calculation and capability to use
the chosen modeling technique at the rate of 28 of 64 people (43.7%).
Also, in the ‘others’ section, another reason was written that can be
considered very important, being ‘the possibility to produce different
types of drawing by using a single digital model’. When the CAD
modeling answers are analyzed within the group CAD modeling section,
it can be said that the options that have more technical qualities are
selected as the reasons why CAD modeling is preferred. Moreover,
according to the data from the questionnaire, it is interesting to find
that even though sometimes students know that a specific modeling
technigue is more appropriate for them, they prefer the other one. The
result of the efficiency comparison of CAD and mock-up modeling of
this research verifies this fact. The ability to use “control + z” in
computers to erase their mistakes in a millisecond, duplicate their work
with no effort, or save money from the rising cost of
corrugated/modeling cardboards become more appealing to students
who have the technological backup knowledge to support their work.
Although they think mock-up is more efficient in early design phases,
they mostly prefer to use CAD modeling.

It is worth dwelling on the apparent contradiction that the more
efficient technique is not used as much as the less efficient technique.
The logical reconciliation of this finding is that efficiency is of inferior
importance in the face of other reasons. Apparently, the shorter
production time, lower cost, and greater flexibility to modify CAD are
more relevant issues for the students than more accurately perceiving
the scale of the design that mock-up would provide them.

Some students prefer to use mock-up because they believe that the 2D
screen of a computer is interfering with 3D perception and the
understanding of the spatial relations and the conceptual masses.
When the reasons and comments are considered synoptically, the
commonly held expectation, that each modeling method has its own
advantage in producing a design, is verified. Some students specified in
the additional part of the questionnaire that they both use mock-up
modeling and CAD modeling for different purposes simultaneously in
the early design phase. A student specified that s/he uses mock-up
modeling because the education system in her/his time was mock-up
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dominant. This brought the research to a point that not only the
advantages and qualities of both methods but also the age is important
in preference of the students.

When the age of the respondents is considered for calculations, a
strong argument has been raised. It is a fact that the younger
population prefers to use CAD modeling when compared to the older
population which prefers to use mock-up modeling. However, students
aged under 26 tend to use both mock-up modeling and CAD modeling.
When the additional analysis is made by the written open-ended
guestions of the questionnaire, remember that the previously
mentioned student says the reason for preferring mock-up modeling is
because of the dominant education system of her/his times. It is
interesting that the circumstances of the education system are so
dominant that most of the students seem to follow this dominance.
Especially when the COVID-19 pandemic is thought of, almost every
architectural studio has become online, in most times there was no
opportunity to produce mock-up modeling but the rising possibility to
use computer-aided programs for designing, sharing, and even meeting
online. The students did not develop the concept by producing mock-
up in the early design phases, so they continued to produce digital
models because it was a useful method in that condition. It is again
interesting and might be coincidental that the age group under 26 is
the interval where the population in this group mostly consists of the
students who caught the pandemicin their 3rd or 4th year of bachelor’s
degree. For this reason, it is possible for them to use both mock-up and
CAD modeling because they have the concept of mock-up modeling
from the preliminary years of their bachelor’s degree and the CAD
practice throughout their education. The population aged between 18-
21 is the population that started the preliminary years of their
bachelor’s degree during the pandemic. When it is considered that
most of the architectural schools did not necessitate the production of
mock-up modeling among students, the concept of it was not practiced
for those who started their education during the pandemic.

The preference for a modeling technique is apparently influenced by
the experience a student has gained using the technique as well as cost
factors. This factor may be more important knowing the technique’s
superiority. For this reason, architecture faculties ought to encourage
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or even financially support the use of mock-up models in the early
design phase.

With reference to the study by Hadia and Elias Ozkan (2016) seven
years later, an opposite result is found. The preferred technique of the
architectural students is reversed. A possible explanation of this is that
during the Covid-19 pandemic, online education forced a preference
for CAD identifying whether this is the cause or whether there is a trend
toward CAD at large that is independent of pandemic conditions and
would prevail anyhow, for instance, frequent computer usage in daily
life, is beyond the scope of the study at this time.

When the findings are discussed together, it can be seen that a
significant number of students, whether classified over age or expertise
level, use both tools in their early design phases. These observations
also corroborate the work of Dorta. As mentioned above, Dorta (2008)
introduced a concept called Hybrid Ideation Space (HIS). The idea is that
the students are in the state of ‘flow’ more often while working in a
hybrid manner (using mock-up and CAD together) than with only digital
or physical modeling. Remembering each student’s unique ideation
process in the early design phases, design schools are encouraged to
embrace a variety of representational techniques rather than focusing
on only one of them.

For this study, the two architecture faculties from where the student
sample was taken are state universities that are among the best-known
and oldest architecture faculties of the country, and the students
permitted to join these faculties are among the high school graduates
with the highest grades in the country. That is the architecture curricula
have been refined over a long period of time. Regarding the importance
given to CAD and mock-up modeling, the curricula do not imply obvious
bias for one technique over the other. In this respect, the sample can
be considered rather representative of architecture education at large.
Considering the significance level of the results we found in our study,
and the fact that the non-parametric tests are rather conservative, it is
likely the results we found will show up in other educational contexts
within the field of architecture as well.
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5. CONCLUSION

There are differences between the efficiency as well as the preference
for using physical mock-up and CAD in the early design phase. Mock-up
is considered to be more efficient by students in case we do not
differentiate the students with respect to their age. In case we do take
the age of the students into account, then we find that the younger
students prefer CAD whereas the older students prefer mock-up. In
case we take the experience level into account, then we find that
freshman students prefer to use CAD modeling and more experienced
students prefer mock-up modeling in their early design phases. The
most relevant reasons for preferring mock-up are perceiving the scale
and flexibility to modification. The most relevant reasons to prefer CAD
are flexibility to modify, production time & efficiency, and lower cost. It
is noteworthy that, although the majority of students find mock-up
more efficient, nevertheless they prefer CAD modeling. Although it
might be coincidental, it is possible that with the online education
forced by COVID-19, another reason why students prefer CAD modeling
came into play. The youngest population consists of the students, who
started their undergraduate studies during the pandemic, in which
mock-up modeling was inconvenient and therefore minimally applied.
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A model for generating visuals related to architectural

facades through genetic algorithm
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In this study, a genetic algorithm based model related to architectural facades was
developed for generating visuals to be used in spatial augmented reality
presentations. First of all, the visuals of the projection mapping referring to the
architectural facade were reviewed within the scope of the study. It was seen that
architectural facades could be defined by using mass/void relationship, building
elements, and 3D effect. Based on this inference, the facade of the Hamburger
Kunsthalle, which was also used in one of the pioneering examples of projection
mapping regarding the architectural language of the facade, was used to redefine
the architectural facade in the study. A genetic algorithm based framework was
developed to generate visuals from the model. It was presented as a model from
the perspective of mass/void relationship, building elements, and 3D effect on the
redefined facade of the Hamburger Kunsthalle. The model allows different visual
possibilities to be derived from identified initial visual elements. The generation of
the gene population is based on the identified initial visual elements. It is provided
to determine and limit the generation of visuals by the specifically defined fitness
functions for the selected architectural facade. Depending on the evaluation
ranking of the generated visuals, while appropriate visuals are selected, others that
are not appropriate are genetically processed to enrich the gene pool. The
evaluation ranking at this stage has an impact on the visuals to be produced in the
cyclical process. Therefore, the user of the model has a decisive role in the visuals
to be produced and must be an expert in the selection of visuals appropriate to the
architectural language of the facade. At the intersection of genetic algorithms and
spatial augmented reality, this model offers the possibility of generating and
presenting virtual variations that include the language of architectural facades.

Keywords:  Genetic Algorithm, Architectural Facade, Visual Production,
Projection Mapping, Spatial Augmented Reality.
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Genetik Algoritma Araciligiyla Mimari Cephelere iliskin
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Bu calismada, uzamsal artirilmis gerceklik sunumlarinda kullanilacak gorselleri
Uretmek icin mimari cephelere iliskin genetik algoritma tabanli bir model
gelistirilmistir. Oncelikle, mimari cepheye referans veren projeksiyon haritalama
gorselleri calisma kapsaminda incelenmistir. Mimari cephelerin doluluk/bosluk
iliskisi, yapi elemanlari ve 3. boyut etkisi Gzerinden tanimlanabildigi gortlmustar.
Bu c¢ikarima dayali olarak, cephenin mimari diline iliskin projeksiyon
haritalamalarinin ~ 6nci  orneklerinden birinde de kullanilan Hamburger
Kunsthalle'nin cephesi galismada mimari cepheyi yeniden tanimlamak igin
kullanilmistir. Modele dayali gorsellerin Gretilmesi icin genetik algoritma tabanli bir
cerceve gelistirilmistir. Hamburger Kunsthalle'nin yeniden tanimlanan cephesinde
doluluk/bosluk iliskisi, yapi elemanlari ve 3. boyut etkisi tzerinden model
sunulmustur. Model, tanimlanan baslangic gorsel bilesenlerinden farkli gorsel
olasiliklarin tlretilmesine izin vermektedir. Tanimlanan baslangic gorsel bilesenleri,
gen popllasyonunun Uretilmesinde temel alinmaktadir. Segilen mimari cepheye
0zgl olarak tanimlanan uygunluk fonksiyonlari araciligiyla, Gretilecek goérsellerin
belirlenmesi ve sinirlanmasi saglanmaktadir. Uretilen gérsellerin degerlendirme
siralamasina bagl olarak uygun gorseller segilirken, uygun bulunmayanlar genetik
islemlerden gecirilerek gen havuzu zenginlestiriimektedir. Bu asamadaki
degerlendirme siralamasi, dongisel slrec icerisinde Uretilecek gorseller tGzerinde
etkili olmaktadir. Bu nedenle model kullanicisi Uretilecek gorsellerde belirleyici bir
role sahiptir ve kullanicinin cephenin mimari diline uygun gorsel segiminde uzman
olmasi gerekmektedir. Bu model, genetik algoritma ve uzamsal artirilmis gergeklik
kesisiminde mimari cephelerin dilini tasiyan sanal varyasyonlarini iretme ve sunma
imkani saglamaktadir.
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1. GiRiS (INTRODUCTION)

GUnUmuUzde kiltir sanat baglamindaki organizasyonlar kapsaminda
projeksiyon  haritalama uygulamalariyla  karsilasilmaktadir.  Bu
uygulamalar genellikle kamusal alanlardaki yapilarin  mimari
cephelerine yansitilmaktadir. Belirli bir stre icin dizenlenmis
gorsellerin bir araya getirilmesiyle uygulamalar olusturulmaktadir.
Mimari cephe ile bir bitinluk tastyan gorsellerin yani sira, kimi
orneklerde yapi ile etkilesimin yapinin sadece bir perde yilzeyi gorevi
gdrmesine varacak derecede dusik oldugu da gorilmektedir. Uzamsal
artinlmis  gerceklik kapsaminda incelenebilecek olan projeksiyon
haritalama uygulamalari icin mimari cephe ile kurulan etkilesim
onemlidir. Bu nedenle calisma kapsaminda mimari cephenin karakteri
ile gorsel Uretimi arasinda iliski kurabilme Uzerine odaklaniimistir.
Oncelikle mimari cepheyi referans alan projeksiyon haritalama
uygulamalari incelenmis, incelenen drnekler tzerinden de ¢ikarimlarda
bulunulmustur. incelemeler  genel bir  cerceve altinda
degerlendirildiginde mimari cephenin doluluk/bosluk, yapi elemanlari
ve 3. boyut etkisi Gzerinden tanimlanabilecegi gorulmustar.

Bu calismada mimari cephe ile iliskili gorsellerin Uretilebilmesi icin
genetik algoritma tabanh bir modelin gelistirilmesi amaclanmistir.
Modelin sunumu icin incelenen ornek calismalardan Hamburger
Kunsthalle'nin cephesi, mimari acidan farkh Uretimlere sundugu
potansiyeller gz dntnde bulundurularak ¢alismada cepheyi yeniden
tanimlamak i¢in kullanilmistir. Doluluk/bosluk iliskisi, yapi elemanlari ve
3. boyut etkisi Gzerinden tanimlamalar gerceklestirilmis, tanimlanan
baslangic gorsel bilesenlerinden farkh gorsel olasiliklarin tlretilebilir
olmasi hedeflenmistir. Bu dogrultuda genetik algoritma tabanli bir is
akis diyagrami kurgulanmis ve calismada gorsellestirilerek slreg
aciklanmustir.  Calisma kapsaminda genetik algoritma ve uzamsal
artinlmis  gergeklik kesisiminde ortaya konulan model, mimari
cephelerin dilini taslyan sanal varyasyonlarini Gretme ve sunma imkani
acisindan onemli gorilmektedir. Bu sayede mevcut mimari cepheyi
referans alan yeni cephe gorsellerinin Uretilebilmesiile insa edilemeyen
diger olasiliklar da ortaya cikarilabilir ve sunulabilir. Mimari cephenin
gorsellerle etkilesimi guclendirilerek, sunum acisindan mimari bir
projeksiyon haritalama yaklasimi kazandirilabilecegi disinilmektedir.

Genetik algoritma araciligiyla mimari cephelere iliskin gérsellerin Gretimi igin bir model



2. PROJEKSIYON HARITALAMA VE MiMARi CEPHE (PROJECTION
MAPPING AND ARCHITECTURAL FACADE)

Projeksiyon haritalama, tasarlanmis ya da mevcut hali ile bir yizeye
gorsel verilerin yansitilmasi yontemidir. Bu yontemde projeksiyon
cihazindan yansitilan 2 boyutlu olarak Uretilmis gorintl kullanilan
yazilimlar aracihg ile vyansitildigl fiziksel yizey ile eslestirilir
(Burczykowski ve Thébault, 2020). Genellikle bu gorseller gosterim
sirasinda ses ile desteklenir. Gorintinidn elde edilmesinde sanal
objelerin gercek objeler Uzerinde hizalanmasi, projeksiyon cihazinin
konumu ve yansitilan fiziksel ylizey dnem tasimaktadir (Stella, 2020).
Projeksiyon haritalama uygulamalarinda 6zellikle ylzey Gzerinde uygun
yansitma alaninin belirlenmesi énemlidir. Bu alan sunulacak verinin
karmasikligini ve miktarini sinirlar niteliktedir (Grundhofer ve Iwai,
2018). Ylizey geometrilerinin farklilastigl durumlarda gorsellerin
sunumunda ayarlanmis koordinat sistemleri kullanilabilir. Uygulamaya
daha fazla sayida projeksiyon cihazi dahil edilerek goris acisi da
genisletilebilir (Head, 2012). GUnlUmuzde projeksiyon haritalamanin
farkh gorsel Uretimlere olanak saglayan, izleyiciyi de bir parcasi haline
getiren kamusal alanlardaki yapilar Gzerinde uygulamalari ile
karsilasiimaktadir.

Moloney’e (2007) gore yapi cepheleri mimarligin kamusal yzu ve bilgi
akisini saglayan kentsel ara ylzlerdir. Yapilarin ylzeyleri ya da cepheleri
araciliglyla uzamsal cercevede tanimlanmis bdlgeler kentsel mekani
tanimlamakta; yapi formlari baglaminda bigimlenen yapi cepheleri ise
bu  bolgelerde  vapilarin  karakterini  yansitarak  kentlinin
deneyimlemesine olanak tanimaktadir (Zilkadiroglu, 2013). Strekli bir
devinim ve surerlilik altinda olan kentsel mekanlar icin yapi ylzeyi ve
kentlinin etkilesimi 6nem tasimaktadir (Albayrak, 2017).

Mimarlik alanina iliskin olarak projeksiyon haritalamanin farkl
kullanimlari olmakla birlikte (Bolek ve dig., 2022; Oury, 2020; Aksu,
2019; Lovell ve Griffin, 2019; Nofal ve dig., 2018; Calixte ve Leclercq,
2017), mimari cephelerde kullanimi izleyicilere yeni bakis acilari ve
mekansal deneyimler sunmaktadir (Cetinkaya, 2020; Gokcen, 2016).
Mimari cepheler, kamusal mekandaki projeksiyon haritalama
uygulamalari ile izleyiciler icin birer icerik tasiyici ara ylze doénusdr.
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Yansitilan sanal gorintiler farkl oluslara agik ve sinirsiz olasiliklar icerir.
Aydinli (2008), sanal mekanda sinirlarin, dokularin ve renklerin fiziksel
mekanin Dekartcl anlayisinin aksine her zaman donisebilir durumda
oldugunu ve bu sayede mekanin stregelen ve sinirsiz sekilde yeniden
Uretilen bir ortam haline geldigine dikkat ¢eker. Sanal mekan bu
yeniden Uretilebilir niteligiyle artik olasilikli yapisi Gzerinden vyeni
deneyimlere olanak tanimaktadir.

Griffin’e (2018) gore projeksiyon haritalama fiziksel olarak insa edilmis
olan yapinin mimari cephesinin 6tesine gecip, donltsime acik sanal
mekan olasiliklarini ortaya cikarir. Bu sayede mevcut mimari cephe
birden fazla Uretilebilir ve mekani tekrar kavrayip yorumlama
konusunda olasiliklari ortaya koyabilir. Yapili cevrenin degisebilirligini
deneyimleme, izleyicinin meydana gelen degisiklikleri bilingaltinda
sorgulamasini ve gdzden gecirmesini saglayabilir.

Isikkaya (2023), projeksiyon haritalamayi i1sik ve zaman kavraminin
yardimiyla goérintller yansitilarak yanilsamalar yaratarak cepheleri
yeniden olusturmak; bir melez goérsel sanat veya aktivite olarak
sayllabilecek, yapi ylzeyini yeniden insa eden ya da onu yikan, yapidan
bagimsiz bir insa olarak gérmektedir. Kavramsal olarak projeksiyon
haritalama araciligiyla kent icinde dussel bir mekan yaratma, kenti ve
kentliyi kamusala geri kazandirma, kenti sahnelestirme, gerceklik
kavramini yeniden kurgulama, zamanda slrekli ve dinamik mekana
ulasmanin karsiliklari aranmaktadir.

Isikkaya ve Catak (2010), projeksiyon haritalama uygulamalarinin
tasarim sirecinde yapi ile iliskilendirilmesinde yapi ylzeylerinin ele
alinis bicimleri ve tasarim yaklasimlarina bagli olarak farkhliklarin ortaya
ciktigint belirtmektedir. Her ne kadar her Uretim kendine 6zgi olsa da,
bicim Uretiminde genellenebilir bir takim izlenimler olduguna dikkat
cekmektedirler. lIsikkaya ve Catak (2010) projeksiyon haritalama
uygulamalarinin bicime 6zgl karakteristik siniflandiriimasini su sekilde
ele almistir;
- Mimari cepheyi koruma yaklasimi ile mevcut cephenin varligini
renk ve isik ile birlestirme
- Mimari cephedeki katlesel yuzeyler ve acikliklarin
yorumlanmasina dayali olarak cephenin yikimi/yeniden insasi
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- Mevcut cepheye ekli somut objeler/moduller ile yansitimin
hibrit birlesimi

- Mimari cepheye vyapinin ic mekanina dair gorsellerin
yansitilarak yapiya yapinin yansitilmasi

- Perspektifin yorumlanmasiyla birden cok cepheye yansitim
yapilarak kentsel perspektifi yeniden kurgulama

- Bagimsiz tasarim yaklasimi altinda mimari cepheyle iliskisi
olmayan gorsellerin kullanimi

Mimari cepheleri referans alan projeksiyon haritalama o6rneklerine
bakildiginda ulusal ve uluslararasi olcekte farkli  6rneklerle
karsilasiimaktadir. Calismanin bu kisminda 6ne ¢ikan 6zellikleri ile drnek
uygulamalar ele ahinmistir. Sekil 1'deki 555 Kubik uygulamasi hem éncii
hem de kapsamli bir 6rnek olarak 6ne c¢ikmaktadir. Hamburg'daki
Hamburger Kunsthalle yapisinin cephesi lzerine yansitilan projeksiyon
haritalama calismasinda, mimari cephe karakteristigini takip eden
yaklasimlarin kapsamli bir uygulama altinda farkl bicimlerde kullanildigi
gorilmektedir (Urbanscreen, 2009). Mimari cephenin doluluk/bosluk
iliskisi Gzerinden degerlendirilmesiyle fiziksel olarak mevcut yapi
ylzeyindeki dolu ylzeylerin sanal olarak bosaltildigi gorilmektedir.
Mevcut mimari cephe farkli mimari dizenlemeler altinda izleyiciye

yeniden sunulmaktadir.

_ Sekil 1: 555 Kubik

‘u"’i;!. AR LR 4 A uygulamasinda mimari
cephedeki doluluk/bosluk
iliskisinin degisimi (The
transformation of the mass/void

. ) . ] . o o relationship on the architectural
Sekil 2’de, cephenin yapi elemani Uzerinden degerlendiriimesi ile facade in 555 Kubik) (Urbanscreen,

elemanin birimsel 6zelligi gbz 6ninde bulundurularak olusturulan bir 2009).
tasarim kurgusuyla karsilasiimaktadir. Bu kurgu dahilinde ele alinan 3.
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Sekil 2: 555 Kubik

uygulamasinda yap! elemanlari
Uzerinden yaklasim ve 3. boyut
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etkisiyle degisim (The
transformation of the building
elements and the 3D effect on the
architectural facade in 555 Kubik)

(Urbanscreen, 2009).

boyut etkisiyle yapi elemanlarinin 6ne cikmasi ya da geriye dogru
cekilmesi goze carpmaktadir. Yapi elemanlari Gzerinden elemanlara
dayali birimsel bir yaklasim benimsenirken, bu elemanlar Gzerinde
olusturulan hareketli bir dizen ile de dinamik bir cephe gorintUsi
olusturulmaktadir. Mevcut mimari cephedeki sabit ve diz ylzeyler,
sanalda hareketli olarak tasarlanmis yeni ylzeyler olarak izleyiciye
sunulmaktadir. Ayrica mimari cepheye yapinin ic mekanina dair
gorselleri  yansitma/yaplya vyaplyl vyansitma vyaklasimi ile de
karsilasilmaktadir. Mimari cephe karakteri acisindan yapinin genis ve
yalin bosluklar iceren vylzeylere sahip olmasi farkli yaklasimlarin

denenmesini de kolaylastirmistir.

Sekil 3'deki gorsel Pera Palas Oteli icin ilk acilis gecesinin yildonimi
kutlamalarinda Nota Bene Visual tarafindan hazirlanan projeksiyon
haritalama uygulamasidir (Nota Bene Visual, 2010). Bu calismada da
mimari cepheyi referans alan gorsellestirmeler ile karsilasiimaktadir.
Calisma genellikle cephenin mevcut bicimi tGzerinden isiklandirmalarla
Uretilmis gorsellerden olusmaktadir. Belirli bir ritim ve dizen altinda
olusturulmus pencerelerin yogun oldugu bir cephe bicimlenisi
icerisinde, pencere bosluklarini referans alan isiklandirmalar dikkat
cekmektedir.
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Sekil  4'deki
Santralistanbul Cagdas Sanat Mizesi’'nin ana binasinin mimari cephesi

Quadrature  projeksiyon  haritalama  galismasi,
ile etkilesime giren bir gorsel uygulamadir. Calisma yapinin cephesini
olusturan dértgen aliminyum moddllerin gergcek boyutuna ve formuna
uyan, monokrom geometrik bicimlerden olusturulmustur (Quadrature,
2013). Dizenli bir ritim altinda olan mevcut cephenin gorsel Gretiminde
de bu bilesen modullerin dikkate alinarak calismanin tasarlandigl
gorilmektedir. Calisma vyansitildigl  ylzeylerde vyapiyl yeniden
bicimlendiren ve doénlstlren gorseller ortaya koymaktadir. Yapinin
mimari cephesindeki yalin yaklasimin disina cikilarak, cephe
ylzeylerinde farkli karakteristikler altinda geometrik degisimler

yapilabildigi gorilmektedir.

Sekil 3: Pera Palas Oteli icin
hazirlanan uygulamada mevcut
cepheye referansla pencereleri
One ¢ikarma (Highlighting the
windows with reference to the existing
facade on Pera Palas Hotel) (Nota

Bene Visual, 2010).

Sekil 4: Quadrature
uygulamasinda yap!
elemanlarinin takibi ile

geometrik dondstmler
(Geometric transformations with
tracking of building elements in

Quadrature) (Quadrature, 2013).

280

JCoDe | Cilt 4 Say1 2 | Eyliil 2023 | Tasarimda Hesaplamali Model | Unal, F.C.



Sekil 5: WDCH Dreams
uygulamasinda taslyici sistemin

mimari cephede sunumu (The
presentation of the structural system
on the architectural facade in WDCH

Dreams) (WDCH Dreams, 2019).
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Sekil 5'deki Walt Disney Concert Hall yapisi Uzerinde gerceklestirilen
WDCH Dreams projeksiyon haritalama uygulamasinda yapiya iliskin
gecmisteki veriler toplanarak bu veriler dogrultusunda gorseller
Uretilmistir (WDCH Dreams, 2019). Yapinin egrisel ve karmasik formu
gbdz onlne alindiginda, yapiya iliskin olarak mimari cephenin yerinde
durmasini saglayan ama disaridan gorlinmeyen tasiyici sisteme iliskin
gorsel sunumu dikkat cekmektedir. Yapiya iliskin verilerin yansitildigl,
yaplya yaplyl yansitma yaklasiminin bir 6érnegi olarak karsilagilmaktadir.

3. GENETIK ALGORITMA ARACILIGIYLA TANIMLAMALARA
DAYALI GORSEL URETiIMi (THE GENERATION OF VISUALS BASED ON
DEFINITIONS THROUGH GENETIC ALGORITHM)

Evrim kurami bilisim alaninda farkli yaklasimlarin ortaya c¢ikmasini
saglamistir. Dogadaki evrim yaklasimini referans alan evrim kurami
temelli olarak gelistirilen veri isleme teknikleri, geleneksel yontemler
altinda ¢6zUmU zor olan karmasik problemlerin ¢6ziminde énemli bir
yere sahiptir (Eiben ve Smith, 2015). Bu tekniklerden biri olan Genetik
Algoritma yaklasimi da dogadaki evrimsel slrecin isleyisini kendine
temel alarak, bu dogrultuda probleme dayali olarak verilerin
islenmesiyle ¢6zim Uretmeye odaklidir. Holland’'in (1992) canlilarda
yasanan genetik slUreci hesaplama ortaminda gerceklestirmeyi
dusinmesinin sonucu olarak ortaya cikmistir. Genis bir ¢dzim
kiimesinin taranmasi gereken problemler icin diger yontemlere gére
daha kisa stirede kabul edilebilir sonuclar elde edilmesini saglamaktadir.

Genetik algoritma araciligiyla mimari cephelere iliskin gérsellerin Gretimi igin bir model



Tasarim ve mimarlik alanindaki farkli problemlere iliskin olarak da
¢6zim Uretmek konusunda genetik algoritmalar ile calisildig
gorulmektedir (Turner, 2012; Fasoulaki, 2007; Delanda, 2002). Bu
calisma kapsaminda da mimari cepheler icin cephe dilini taslyan
gorsellerin Uretimine yonelik bir model ¢ercevesinde genetik algoritma
yaklasimindan faydalaniimaktadir.

3.1 Mimari Cephenin Tanimlanmasi (Defining the Architectural
Facade)

Modeli aciklamak ve gorsellestirmeler ile desteklemek icin calisma
kapsaminda orneklerde ele alinan 555 Kubik uygulamasinin
gerceklestirildigi Hamburger Kunsthalle yapisinin cephesi kullaniimistir.
Bu cephenin tercih edilmesinde cephenin mimari acidan farkl
Uretimlere sundugu potansiyeller etkili olmustur. Bu mimari cephe
Uzerinde tasarlanan 555 Kubik uygulamasi ile Urbanscreen, German
Design Award 2012’yi almistir. Hamburger Kunsthalle yapisinin cephesi
rasyonel bir tanimlama altinda ele alindiginda x dogrultusunda 38, vy
dogrultusundaise 19 nokta Uzerinden tanimlanabilecegi gorilmektedir.
Bu noktalar Gzerinden ise ayrit olarak x dogrultusunda 37, vy
dogrultusunda ise 18 olmak Uzere gidilen tanimlamada, 666 adet
tanimli ylzey ortaya ¢ikmaktadir (Sekil 6).
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38/19 Tanimli Nokta
37/18 Tanimli Ayrit
666 Tanimli Yizey

Mimari olarak yapi cephesini referans alan projeksiyon haritalama
uygulamalarinin incelenmesinden sonra doluluk/bosluk iliskisi, yapi
elemanlari ve 3. boyut etkisi Uzerinden cephenin vyeniden
tanimlanabildigi gortalmustdr. Bu ¢ tanimlama bicimi gridal bir sistem

Sekil 6: Hamburger Kunsthalle
yapi cephesinin gridal sistem
altinda tanimlanmasi (Defining

the building facade of the Hamburger
Kunsthalle under the gridal system)
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Sekil 7: Hamburger Kunsthalle

ya

pi cephesinin doluluk/bosluk

Uzerinden tanimlanmasi
(Defining the building facade of the

Hamburger Kunsthalle on mass/void

relationship)

Sekil 8: Hamburger Kunsthalle
yapi cephesinin yapi elemanlari
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lizerinden tanimlanmasi
(Defining the building facade of the
Hamburger Kunsthalle on building
elements)

altinda  Hamburger Kunsthalle yapisinin  cephesi  {zerinden
degerlendirilmistir. Mimari cephe gorsellerinin bu tanimlamalar
dogrultusunda Uretilebilecegi gortlmustir. Yapiin doluluk/bosluk
iliskisi Gzerinden tanimlanmasinda yapidaki bosluk verilerinden yola
cikilmistir. Mimari cephe verileri 3/2 birim, 3/3 birim ve 3/4 birim
boyutlarinda agikliklarin = yapiin  tasarim dilinde vyer aldigini
gostermektedir (Sekil 7).
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3/2 313 3/4
bosluk bosluk bosluk

Yapi elemanlari Uzerinden yapilan tanimlamada yapmin 1/1 birim
boyutlarindaki kaplama malzemeleri, 1/1 birim boyutlarindaki pencere
elemanlari ve 1/3 birim boyutlarindaki kapi elemanlarindan olustugu
gorilmektedir (Sekil 8).

11 11 1/3
kaplama pencere kapi
malzemesi
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3. boyut etkisi Uzerinden yapilan tanimlamada ise yapidaki birim
elemanlarin tipolojisine ve cevresindeki diger birimlerden farkh
ylkseklikte olmasina bagli olarak tanimlanabilecegi gorilmektedir.
Birim eleman tanimlanan yikseklige bagl olarak 6ne ¢ikmakta ya da
geriye cekilmektedir (Sekil 9).
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3.2 Genetik Algoritma Temelli Model Onerisi (Genetic Algorithm
Based Model Proposal)

Genetik algoritma, evrimsel operatoérlerin analojisine dayali olarak
islemektedir. Kendi icerisinde barindirdigi gen, genetik kod, genotip,
fenotip, populasyon, genetik operasyonlar ve uygunluk fonksiyonu
terminolojisi ile bilimsel calismalara hizmet etmektedir. Gen bir
genotipin en kicUk birimi iken, genetik kod bir genotipte kodlama icin
kullanilan rakamlar ya da harflerdir. Genotip, belirli bir dizene veya
iliskiye sahip gen dizilimi olarak ortaya cikar. Fenotip ise genotipin
gorsellestirilmis esdeger halidir. Ayni tirden genetik kodlar altindaki
genotiplerin bir araya geldigi topluluklar populasyonlari olusturur.
Populasyon icerisindeki genotipler ise caprazlama ve mutasyon gibi
genetik operasyonlar araciligl ile zenginlestirilir (Singh ve Gu, 2012).
Genetik algoritma, Uretken bir tasarim yaklasimi olarak bilesenlere
dayali tasarimlarda birden fazla tasarim alternatifi sunma ve
optimizasyon acisindan kolayliklar sunmaktadir. Genetik algoritma
temelli ¢alismalar icin problemin formile edilmesi, uygun genetik
kodlar altinda genotip ve fenotiplerin temsil edilmesi ve uygunluk
fonksiyonlarinin belirlenmesi 6nem tasimaktadir. Uygunluk fonksiyonu,
ortaya konulan degerlendirme olgitlerinin saglanip saglanmadiginin

Sekil 9: Hamburger Kunsthalle
yapi cephesinin 3. boyut etkisi

Gzerinden tanimlanmasi
(Defining the building facade of the
Hamburger Kunsthalle on 3D effect)
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Sekil 10: Mimari cephe
gorsellerinin Uretimi igin
genetik algoritma temelli
modelin is akis diyagrami
(Workflow diagram of genetic
algorithm based model for the

generation of architectural facade
visuals)

kontrol edilmesini saglamaktadir. Bu nedenle genetik algoritma temelli
cahsmalarda uygunluk fonksiyonlarinin iyi tanimlanmasi gereklidir.
Uygunluk fonksiyonlarinin yani sira secilimin ydnlendirilmesinde
degerlendirici  katilimi,  tasarimin  degerlendirilmesiyle  birlikte
iyilestirme imkani sunar (Bentley, 1999).

Genetik algoritma temelli olarak ortaya konulan model onerisinde
doluluk/bosluk iliskisi, yapi elemanlari ve 3. boyut etkisi Uzerinden
yapilan tanimlamalardan faydalanarak gorsellerin tGretimi aciklanmistir.
Sekil 10’da gosterilen is akis diyagrami, modelin calisma sistematigini
ortaya koymaktadir. Siireg, baslangic gorsel bilesenlerinin tanimlanmasi
ile baslamakta ve bu bilesenlerden olusan bir genotip popilasyonu
olusturulmaktadir. Olusturulan genotip bir sonraki asamada fenotipe
donlsturalerek uygunluk fonksiyonlarinin kontrolU yapilirken, kullanici
tarafindan da ayni zamanda gorsel olarak takip edilebilmesinin
saglanmasi amaclanmaktadir. Nesnel degerlendirme olcltlerinden
olusan  uygunluk fonksiyonlarini  saglayan fenotipler, &znel
degerlendirme Olcitleri altinda kullanici tarafindan
derecelendiriimektedir. Onay alan fenotipler genotip verileri ile
listelenmekte, ret alanlar ise genotipe donUstlrilerek genetik
operasyonlara sokulmaktadir. Genetik operasyonlar altinda ¢aprazlama
ve mutasyon ile gen havuzunu zenginlestirecek yeni nesiller Gretilmekte
ve genotip popullasyonuna dahil edilmektedir. Bu slre¢ kullanicinin

istedigi sayida uygun gorsel elde edilene kadar devam etmektedir.

Basglangic gérsel Genotip

bilesenlerinin
tanimlanmasi

popllasyonunun
olusturulmasi

Fenotipe Genetik
déniistirilmesi operasyonlarin
uygulanmasi
Uyumluluk
fcnk:lyoniirlnln Genotipe
ontroly dénistiriiimesi
Segilen gorsellerin Fenotipin

genotip verilerinin
listelenmesi

derecelendiriimesi
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Sekil 11'de goruldugu gibi genetik algoritma araciligi ile doluluk/bosluk
iliskisi Gzerinden mimari cephenin tanimlanmasi, calismadaki is akis
diyagramina gore olusturulmustur. Baslangic gorsel bilesenleri olarak
yap! Gzerindeki bosluk oranlari birim UGzerinden tanimlanmistir.
Tanimlama sonucunda 2/3 birim, 3/3 birim ve 3/4 birim oranlarinda
bosluklarin yer aldigi gorilmustir. Tanimlanan bosluklardan secilen
bilesen sayisina bagl olarak genotip populasyonu olusturulmustur.
Popilasyondaki genler 4 parcadan olusmakta 1. parca x ekseni
koordinat degerini, 2. parca y ekseni koordinat degerini, 3. parca
bilesenin x boyutunun ve 4. parca ise y boyutunun verisini icermektedir.
Olusturulan genotip poptllasyonu bir sonraki asamada fenotipe
donustirdlmekte, kullaniciya gorsel olarak olusturulan fenotip
sunulurken uygunluk fonksiyonlarini  saglayip saglamadigi da
gorintulenmektedir.  Doluluk/bosluk iliskisi  Gzerinden  vyapilan
degerlendirmede uygunluk fonksiyonlari olarak bilesenler arasi
minimum 1 birim bosluk birakilip birakiimadiginin, bilesenlerin zemin
haricinde diger kenarlarinda 1 birim bosluk birakilmasinin ve bilesenler
arasi cakisma olup olmadiginin kontroli vyapilmaktadir. Uygunluk
fonksiyonlarini saglayan fenotipler bir sonraki asamaya aktarilmakta ve
kullanici tarafindan derecelendirilmesi beklenmektedir. Kullanicr kotd,
zayif, orta, iyi ve cok iyi seklinde 5 kademeli bir degerlendirmede
bulunabilmekte, bu degerlendirme sonucunda iyi ve cok iyi alan
fenotipler onaylanarak ¢6zim kimesine aktariimaktadir. Uygunluk
fonksiyonunun kontroll sonrasi gerceklesen kullanici degerlendirmesi,
¢6zim kamesine aktarilan gorsellerin nesnel degerlendirme olcitleri
sonras! kullanicinin 6znel degerlendirme olcltlerinden de gegcmesini
saglamaktadir. Diger koti, zayif ve orta degerlendirmeler ise ret alarak
yeniden genotipe donustirilmekte ve genetik operasyonlara dahil
edilmektedir. Caprazlamada 2. genden sonraki caprazlama noktasi
bilesenlerin koordinat degerini, 3. genden sonraki ¢aprazlama noktasi
ise bilesenleri degistirmektedir. Mutasyonda ise ilk 2 gendeki mutasyon
koordinat degerlerini etkilerken, son 2 gendeki mutasyon bilesenleri
farkhlastirir. Genetik operasyonlar sonucu genlerde konum ve bicim
bazli zenginlestirme saglanmis olur. Olusan yeni genler gen havuzuna
aktarilarak popilasyona dahil edilir ve déongl bu sekilde devam eder.
Model kullanicisi Gretilen gorselleri yeterli bulup, dénglyi sonlandirana
kadar dretim gerceklesir.
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Sekil 11: Genetik algoritma
araciligiyla doluluk/bosluk

iliskisi Gzerinden

tanimlamalarla gorsel Gretimi

(Visual generation with definition of

mass/void relationship through genetic

287

algorithm)

3 3 3
Baslangig Gorsel Bilesenlerinin Tanimlanmasi 2 3 i

l Bosluk Oranlarn

Xyl X y:
Genotip Popiilasyonunun Olusturulmasi
Gen Havuzunu |
Zenginlestirme xekseni bilegen
Genetik Operasyonlarin koordinatl | xekseni
degeri degeri
Uygulanmasi
* Caprazlama y ekseni bilegen
T T Kooty elssenl
T Fenotipe Dniistirilmesi eaell  aelied
2. genden sonraki caprazlama noktasi
bilesenlerin koordinat degerlerini degistirir.
N |
Uygunluk Fonksiyonlarinin Kontrolii
3. genden sonraki caprazlama noktas! Bilesenler arasi minimum 1 birim bogluk birakilmasi
bilesenleri cegistirir. Bilesenlerin zemin haricinde diger kenarlarda minimum 1 birim bosluk birakilmast
* Mutasyon Bilegenler arasi gakisma olup olmadigi
Cr T T
o117
Ik 2 gendeki mutasyon
koordinat degerlerini etkiler.
Fenotipin Derecelendirilmesi
T 717
Son 2 gendeki mutasyon 15 Aras|
bilegenleri farkhlagtnir. il
T Kot Zayf Oma by Goklyi
123 5
RET o
Genotipe Déntistariimesi ONAY
XY X2 ¥
- Fenotiplerin Genotip Verileri ile Listelenmesi

Sekil 12’de yapi elemanlari Gzerinden genetik algoritma araciligi ile
olusturulmus  sdrecin  isleyisi  sunulmustur. Baslangic  gorsel
bilesenlerinin tanimlanmasi ile baslanan yaklasimda 1/1 birim kaplama
malzemesi, 1/1 birim pencere elemani ve 1/3 birim kapi elemani
bilesenleri bulunmaktadir. Secilen bilesen sayisina da bagh olarak
genotip poptllasyonu olusturulmaktadir. Populasyondaki genler 5
parcadan olusmakta 1. parca yapi elemani tirinln, 2. parca x ekseni
koordinat degerinin, 3. parca y ekseni koordinat degerinin, 4. parga
bilesenin x boyutunun ve 5. parca ise bilesenin y boyutunun verisini
icermektedir. Olusturulan genotip populasyonu bir sonraki asamada
fenotipe donustirilmekte, kullaniciya gorsel olarak olusturulan fenotip
sunulurken uyumluluk fonksiyonlarini  saglayip saglamadigi da
gorintilenmektedir. Yapi elemanlari Uzerinden yapilan
degerlendirmede uyumluluk fonksiyonlari olarak kapi bileseni icin
elemanlarin zemine denk gelmesi, pencere bileseniicin zemin haricinde
diger dis kenarlara denk gelmemesinin ve bilesenler arasi cakisma olup
olmadiginin kontroll yapilmaktadir. Uyumluluk fonksiyonlarini saglayan
fenotipler bir sonraki asamaya aktarilmakta ve kullanici tarafindan
derecelendirilmektedir. Degerlendirme sonucunda iyi ve c¢ok iyi alan
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fenotipler onaylanarak ¢6zim kiimesine aktariimaktadir. Ret alanlar ise
yeniden genotipe donilstlrilmekte ve genetik operasyonlara dahil
edilmektedir. Caprazlamada 1. genden sonraki caprazlama noktasi
bilesenlerin koordinat degerlerini ve boyutunu, 3. genden sonraki
caprazlama noktasi ise bilesenlerin boyutunu degistirmektedir.
Mutasyonda ise 1. gendeki mutasyon yapi elemanini degistirirken, 2. ve
3. gendeki mutasyon koordinat degerlerini etkiler, 4. ve 5. gendeki
mutasyon da bilesenleri farklilastirir. Genetik operasyonlar sonucu
genlerde yapi elemani, konum ve bicim bazl degisimler ortaya cikar.
Olusan yeni genler gen havuzuna aktarilarak popilasyona dahil edilir ve
dongi sonlandirilana kadar devam eder.

Baslangi¢ Gorsel Bilesenlerinin Tanimlanmasi 1 1 3
kaplama  pencere

l malzemesi aps

kpm x y1 x w2

Genotip Popiilasyonunun Olusturulmasi CIT 1711
Gen Havuzunu yapt | |
Zenginlegtirme

. elemani bilesen
Genetik Operasyonlarin :

xekseni
Uygulanmasi xekseni degeri

* koordina

Caprazlama

degeri bilesen
yelisar zcksnm
Fenotipe Donusturilmesi koordinat  4°9%"
1. genden sonraki caprazlama noktasi bilesenlerin degeri
koordinat degerlerini ve boyutunu degistirir. l
3. genden sonraki gapraziama noktast Uygunluk Fonksiyonlarinin Kontrolii
bilesenlerin boyutunu degistirir g
* Mutasyon Kapi elemanlarinin zemine denk gelmesi
Pencere elemanlarinin zemin haricinde diger dis kenarlara denk gelmemesi
e r— Bilesenler arasi cakisma olup olmadigs
yapi elemanini degistirir.
1711
2. ve 3.gendeki mutasyon
koordinat degerlerini etkiler.
E]:E':D Fenotipin Derecelendirilmesi
4.ve 5. gendeki mutasyon 15 Arasi
bilesenleri farkiilastinie. / N
T Kotu Zayf  Orta yi Goklyi
RET 12H4 5
Genotipe Dénustiriilmesi ONAY
kpmxi y1 x> y2
S I B Fenotiplerin Genotip Verileri ile Listelenmesi

S - — -

Sekil 13'de gorildugl gibi genetik algoritma ile 3. boyut etkisinin
tanimlanmasinda ise seffaf ve masif olmak Gzere ayni boyutlardaki iki
bilesen Uzerinden calisiimistir.  Tanimlanan elemanlardan segilen
bilesen sayisina bagli olarak genotip populasyonu olusturulmaktadir.
Popilasyondaki genler 6 parcadan olusmakta 1. parca bilesen tipini, 2.
parca x ekseni koordinat degerinin, 3. parca y ekseni koordinat
degerinin, 4. parca bilesenin x boyutunun, 5. parca bilesenin vy
boyutunun ve 6. parca ise bilesen yiksekliginin verisini icermektedir.

Sekil 12: Genetik algoritma
araciligiyla yapi elemanlari
Gzerinden tanimlamalarla
gorsel Uretimi (Visual generation

with definition of building elements
through genetic algorithm)
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Sekil 13: Genetik algoritma
araciligiyla 3. boyut etkisi
Gzerinden tanimlamalarla

gorsel Uretimi (Visual generation

289

with definition of 3rd dimensional
effect through genetic algorithm)

Olusturulan genotip popllasyonu bir sonraki asamada fenotipe
donustlrilmekte, kullaniciya gorsel olarak olusturulan fenotip
sunulurken uyumluluk fonksiyonlarini  saglayip saglamadigl da
gdrintilenmektedir. 3. boyut  etkisi Uzerinden  yapilan
degerlendirmede uyumluluk fonksiyonu olarak birimin cevresindeki
birimlerden maksimum 2 birim ile ayni yikseklikte olmasinin kontroli
yapilmaktadir. Uyumluluk fonksiyonlarini saglayan fenotipler bir sonraki
asamaya aktariimakta ve kullanici tarafindan derecelendiriimektedir.
Degerlendirme sonrasi iyi ve ¢ok iyi alan fenotipler onaylanarak ¢6zim
kiimesine aktarilirken, ret alanlar yeniden genotipe donustlrilmekte
ve genetik operasyonlara dahil edilmektedir. Caprazlamada 1. genden
sonraki caprazlama noktasi bilesenlerin konumunu, boyutunu ve
yuksekligini degistirirken; 3. genden sonraki ¢aprazlama noktasi ise
bilesenlerin sadece boyutunu ve yiksekligini degistirmektedir.
Mutasyonda ise 1. gendeki mutasyon yapi bilesenini degistirirken, 2. ve
3. gendeki mutasyon koordinat degerlerini etkiler, 4. ve 5. gendeki
mutasyon bilesenleri farklilastirir ve 6. gendeki mutasyon bilesenin
ylksekligini degistirir. Genetik operasyonlar sonucu genlerde yizey
tipolojisi, konum, bicim ve yilkseklik bazli degisimler ortaya cikar.
Olusan yeni genler de gen havuzuna aktarilarak poptlasyona dahil edilir
ve dongi bu sekilde devam eder.

1 1
Baslangi¢ Garsel Bilesenlerinin Tanimlanmasi 1

H
seffaf  masif
l smx Y X y: Z2

I—) Genotip Poptlasyonunun Olusturulmasi
Gen Havuzunu a | ‘
Zenginlestirme yozey J

|
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bilesen
Genetik Operasyonlarin . xekseni

Uygulanmasi xekseni degeri
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Fenotipe Dénusturilmesi koordinat 99"
degeri

1.gend ki noktasi bil
konumunu, boyutunu ve yiksekligini degistirir.
CI T 1T 17717
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bilegenleri farkhlagtinr. 1 5 Arasl

6. gendeki mutasyon bilegenin

yiiksekligini degistirir Kot Zﬂvlf Orta |yl Coklyi

RET 123@5s
Genotipe Dénusturilmesi loNAV
sm X1 YI X2 Y: Za

Fenotiplerin Genotip Verileri ile Listelenmesi
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4. SONUC (CONCLUSION)

Calismada ortaya konulan genetik algoritma temelli model, mimari
cepheler igin belirli tanimlamalar altinda cephenin karakterini taslyan
diger sanal olasiliklarin Gretilmesi icin bir ydéntem 6nerisi sunmaktadir.
GUndmUz teknolojik altyapilari ile gorsel olarak mimari cephelerin
kendini sunmasi, gdérintumlerini degistirebilmesi ve cevresindekilerle
etkilesime  girebilmesi  mUmkunddr.  Projeksiyon  haritalama
uygulamalari ise bu tip gorsel Uretimlerin kullanilabilecegi birincil
alanlar olarak gorilmektedir. Projeksiyon haritalama icin icerik Gretim
sirecinde genetik algoritma temelli yaklasimla elde edilebilecek
secilmis gorseller ile aralarindaki gecislerin de tanimlanmasiyla yapi
cephesini referans alan animasyonlar (Uretilebilir.  Projeksiyon
haritalama uygulamalari etkilesim kurduklari her bir calisma ile birer
uzamsal artirilmis gerceklik uygulamasidir. Bu nedenle genetik
algoritma ve uzamsal artirilmis gerceklik kesisiminde yeni Uretim ve

sunum imkanlarinin kurulmasi dnemli gérilmektedir.

Bu calismada 6ne cikan calismalar da gbz 6nidnde bulundurularak
mevcut cephe ile iliski kuran gorsel Gretimlerin Gzerinde durulmustur.
Calisma kapsaminda ele alinan Hamburger Kunsthalle yapisinin cephesi
Uzerinden doluluk/bosluk iliskisi, yapi elemanlari ve 3. boyut etkisi
Uzerinden ornek tanimlamalar gelistirilmistir. Bu tanimlamalarin yapi
ylzeylerini belirli rasyonel yaklasimlar altinda ifade etme acisindan
onemli oldugu distntlmektedir. Kurgulanan 3 farkli tanimlama ile
genetik algoritma temelli model belirli bir is akis sUreci altinda
sunulmustur. Bu sireglerde mimari cephenin dilini tasiyan gorsellerin
varyasyonlariyla Uretilebilecegi cerceveler tanimlanmistir.

Genetik algoritma ile calismanin bir sinirlayicisi olarak, model kullanicisi
Uretilecek gorsellerde belirleyici bir role sahiptir ve kullanicinin
cephenin mimari diline uygun gorsel seciminde uzman olmasi
gerekmektedir. Calisma kapsaminda modelin gorsel Gretimi adina 2
boyutlu Uretim yaklasimi benimsenmistir, gelecek calismalarda 3
boyutlu dretimler icin  genetik algoritmalardan faydalanmaya
odaklanilabilecegi dtUsinulmektedir.

290

JCoDe | Cilt 4 Say1 2 | Eyliil 2023 | Tasarimda Hesaplamali Model | Unal, F.C.



291

Cikar ¢atismasi beyani (Conflict of Interest Statement)

Cahismanin yazari bu calismada, sonuglari veya yorumlari etkileyebilecek
herhangi bir maddi veya diger asli ¢cikar catismasi olmadigini beyan eder.

Referanslar (References)

Aksu, M. (2019). Mimarlikta video projeksiyon haritalama kullanimi. Tasarim
Enformatigi, 1(2), 107-117.

Albayrak, A. (2017). Kamusal alanlarda veri kaltlr(: Video mapping. Fine Arts,
12(3), 164-176.

Aydinli, S. (2008). Mekan’dan mekansal’a: Mekdnin zamansalligi/zamanin
mekansalligl, zaman-mekén (Haz.: A. Sentirer, S. Ural, O. Berber, F.
Uz Sénmez), s. 150-161, istanbul: YEM Yayin.

Bentley, P. (1999). An introduction to evolutionary design by computers.
Evolutionary design by computers, 1-73.

Bolek, B., Demirkol, H. G., & inceoglu, M. (2022). Architectural design with
generative algorithm and video projection mapping. Eskisehir
Technical University Journal of Science and Technology A-Applied
Sciences and Engineering, 23, 50-59.

Burczykowski, L., & Thébault, M. (2020). Points of view: Origins, history and
limits of projection mapping. Image Beyond the Screen: Projection
Mapping, 69-81.

Calixte, X., & Leclercq, P. (2017). The interactive projection mapping as a
spatial augmented reality to help collaborative design: Case study in
architectural design. In Cooperative Design, Visualization, and
Engineering: 14th International Conference, CDVE 2017, Mallorca,
Spain, September 17-20, 2017, Proceedings 14 (pp. 143-152).
Springer International Publishing.

Cetinkaya, O. (2020). Investigation of the Interaction of Architecture and
Digital Art Through the Projection Mapping Installations in Public
Spaces (Master's thesis, Eastern Mediterranean University (EMU)-
Dogu Akdeniz Universitesi (DAU)).

Delanda, M. (2002). Deleuze and the use of the genetic algorithm in
architecture. Architectural Design, 71(7), 9-12.

Eiben, A. E., & Smith, J. E. (2015). Introduction to evolutionary computing.
Springer-Verlag Berlin Heidelberg.

Fasoulaki, E. (2007). Genetic algorithms in architecture: A necessity or a trend.
In 10th Generative Art International Conference, Milan, Italy.

Gokgen, T. (2016). Mimari cephede ¢ok boyutlu tasarim araylzi olarak video
haritalama ve algisal mekdn deneyimi (Master's thesis, Bahcesehir
Universitesi Fen Bilimleri Enstitiisi).

Genetik algoritma araciligiyla mimari cephelere iliskin gérsellerin Gretimi igin bir model



Griffin, H. (2018). Moving the immovable: Projection mapping and the
changing face of architecture. In: AMPS Conference Moving Images -
Static Spaces: Architecture, Art, Media, Film Digital Art and Design,
12-13 Apr 2018, Istanbul.

Grundhofer, A., & Iwai, D. (2018). Recent advances in projection mapping
algorithms, hardware and applications. In Computer graphics forum
(Vol. 37, No. 2, pp. 653-675).

Head, A. (2012). Exploring the issues of digital outdoor architectural
projections.

Holland, J. H. (1992). Genetic algorithms. Scientific american, 267(1), 66-73.

Isikkaya, D., & Catak, G. (2010). An evaluation on video mapping as an
architectural performance. In 1st Annual International Conference on
Fine and Performing Arts (pp. 7-10).

Isikkaya, A. D. (2023). Video projection mapping as a visual urban art
performance on architectural facade. Street Art & Urban Creativity
Scientific Journal, 9(1).

Lovell, J., & Griffin, H. (2019). Fairy tale tourism: the architectural projection
mapping of magically real and irreal festival lightscapes. Journal of
Policy Research in Tourism, Leisure and Events, 11(3), 469-483.

Moloney, J. (2007). A framework for the design of kinetic facades. In Computer-
Aided Architectural Design Futures (CAADFutures) 2007: Proceedings
of the 12th International CAADFutures Conference (pp. 461-474).
Springer Netherlands.

Nofal, E., Stevens, R., Coomans, T., & Moere, A. V. (2018). Communicating the
spatiotemporal transformation of architectural heritage via an in-situ
projection mapping installation. Digital Applications in Archaeology
and Cultural Heritage, 11, e00083.

Nota Bene Visual (2010). Pera Palace Hotel - Abstract part, grand opening.
Nota Bene Visual. https://www.notabenevisual.com/#/works/pera-
palace-hotel-abstract/

Quadrature (2013). Quadrature: A/V Performance at Santralistanbul.
Quadrature. https://quadrature.co/work/quadrature/

Oury, J. (2020). Architectural projection mapping contests: An opportunity for
experimentation and discovery. Image Beyond the Screen: Projection
Mapping, 213-227.

Singh, V., & Gu, N. (2012). Towards an integrated generative design
framework. Design studies, 33(2), 185-207.

Stella, M. (2020). Projection mapping: A new symbolic form?. Image Beyond
the Screen: Projection Mapping, 51-67.

Turner, J. S. (2012). Evolutionary architecture? Some perspectives from
biological design. Architectural Design, 82(2), 28-33.

292

JCoDe | Cilt 4 Say1 2 | Eyliil 2023 | Tasarimda Hesaplamali Model | Unal, F.C.



293

Urbanscreen (2009). 555 Kubik, How it would be if a house was dreaming.
Urbanscreen. https://www.urbanscreen.com/555-kubik/

WDCH Dreams (2019, Eylul 27). WDCH Dreams. Refik Anadol.
https://refikanadol.com/works/wdch-dreams/

Zilkadiroglu, D. (2013). Mimari cephe temsillerinin kullanici algisina etkisinin
incelenmesi (Doctoral dissertation, istanbul Kiltir Universitesi/Fen
Bilimleri Enstittst/Mimarlik Anabilim Dali/Mimari Tasarim Bilim Dali).

Genetik algoritma araciligiyla mimari cephelere iliskin gérsellerin Gretimi igin bir model



294

JCoDe | Cilt 4 Say1 2 | Eyliil 2023 | Tasarimda Hesaplamali Model | Unal, F.C.



An Exploration of Public Open Spaces with Data
Driven Approaches: A Case Study of Beyazit Square

Giilce Kirdar?

ORCID NO: 0000-0002-4700-60770"

Istanbul Kiltiir University, Interior Architecture and Environmental Design, Architecture
Faculty, Istanbul, Turkiye

Data-driven approaches are widely used to gain insight in urban dynamics and
support urban decisions with pervasive adoption of information technologies. In
the presented study, the students adopt data data-driven approaches to observe,
and analyze public spaces, and make conceptual decisions for urban furniture in
the context of the workshop. This workshop is developed within the scope of the
Environmental Computing course. It is conducted with 27 students in Beyazit
Square as a case study area. In the scope of the study, open public spaces were
observed and analyzed using data-driven approaches. Based on the analysis results,
the students were expected to develop urban furniture design that would enhance
user experience and activities in the area. This study questions how data-driven
approaches aid in exploring public spaces and support design decisions. The
objective of the study was to explore user-generated urban dynamics using
multiple data and make decisions for urban furniture that augments urban
dynamics. The conceptual design process of urban furniture is shaped as results of
data-driven approach. The students were introduced to the Public Life Tools
developed by the Gehl Institute for site observation. They were divided into
particular groups and used relevant digital tracking applications to measure user
activities, user profiles, and live traffic in the area. They evaluated the quality of
place based on predetermined criteria by Gehl Institute. The phases of the study
involve (1) the exploration of digital observation methods, (2) mapping
observational, data, urban data, and locative media data in Geographic Information
System (GIS), and (3) defining the relationships between the parameters affecting
urban dynamics. (4) This was followed by making conceptual design decisions and
(5) developing the design of urban furniture considering data analysis results.
According to the findings, the use of data-driven observation and analysis methods
has been effective in developing user scenarios, determining user profiles,
identifying needs, and taking functional decisions in urban furniture design. Based
on the students’ evaluation, the data-driven decision-making process was effective
in identifying needs, problems, and potentials in the area. As the limitations of the
study, the students stated that the use of digital observation methods and the
learning process of GIS software were challenging. This study contributes to the
field of urban computing through its conducted fieldwork.

Keywords: Public open spaces (POS), Digital observation methods, Geographic

Information Svstems (GIS). Data-driven aboroaches. Urban dvnamics.
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Kamusal Acik Mekanlarin Veriye Dayali Yaklasimlar ile Kesfi:

Beyazit Meydani Ornegi
Giilce Kirdar!
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Bilisim teknolojilerinin yayginlasmasi ile veriye dayali yaklasimlar karmasik kent
dinamiklerini anlamak ve kentsel karar alma slrecinde vyaygin olarak
kullanilmaktadir. Calismada veriye dayali vyaklasimlar kamusal mekanin
gbzlemlenmesi, analizi ve tasarim kararlarinda uygulanmasi ders kapsaminda
gelistirilen attlye calismasi ile deneyimlenmistir. Calisma kapsaminda gelistirilen
atolye Cevresel Bilisim dersi kapsaminda 27 6grenci tarafindan yuratulmastdr.
Calisma alani Beyazit Meydani’dir. Calisma kapsaminda agik kamusal mekanlar
veriye dayali yaklasimlar ile analiz edilmis, analiz sonuglarina dayanarak
ogrencilerden mekandaki kullanici deneyim ve aktivitelerini arttiracak kentsel
mobilya tasarimi gelistiriimesi beklenmistir. Arastirma sorusu veriye dayali
yaklasimlarin kamusal mekanlarin dinamiklerini kesfetmede nasil yardimci olacagini
ve tasarim kararlarini nasil destekleyebilecegini sorgular. Calismanin amaci kamusal
alandaki kullanici kaynakli kent dinamiklerinin farkli veri kaynaklari kesfedilmesi,
iliskilendirilmesi ve kent dinamigini arttirabilecek kentsel mobilya tasarim kararlari
alinmasidir.  Kentsel mobilya tasariminin  kavramsal slreci veriye dayali
yaklasimlarin sonuglarina gore sekillenmistir. Calismada 6grencilere alan gézlemi
icin Gehl Institute tarafindan gelistirilmis Kamusal Yasam Olcme Araclari (Public Life
Tools) tanitilmistir. Ogrenciler belirli gruplara ayrilarak ilgili dijital takip uygulamalar
ile alandaki kullanicr aktivitelerini, kullanici profilini, canh trafigi 6lcmasledir. Alanin
kalitesini Gehl Institute tarafindan belirlenen kriterlere gore degerlendirmislerdir.
Calisma asamalarini kamusal alandaki veriye dayali 6lgme ve gozlemleme
yontemlerinin dijital araglar ile kesfi, verinin Cografi Bilgi Sistemi’nde (Geographic
Information Systems: GIS) haritalanmasi, veri haritalama sonucunda veriler
arasindaki iliskinin tanimlanmasi olusturmaktadir. Daha sonra veriye dayali olarak
kentsel mobilya konseptinin kavramsal tasarim kararlarinin alinmasi ve tasarimini
gelistirilmesi ile takip etmektedir. Veriye dayali gdzlem ve analiz yontemlerinin
kentsel mobilya tasariminda kullanici senaryolari gelistirme, kullanici profili
belirleme ve ihtiyaclarini belirleme bu baglamda islev kararlarini almada etkili
olmustur. Ogrencilere gdre veriye dayali karar alma siireci alandaki ihtiyaglarin,
problemlerin ve potansiyellerin belirlenmesinde etkili olmustur. Ogrenciler
calismanin kisitlari olarak dijital gbzlem yontemlerinin kullanimi ve GIS programinin
6greniminin zor oldugunu belirtmistir. Calisma yuritilen alan galismasi Gzerinden
kentsel bilisim alanina katki saglamaktadir.

Anahtar Kelimeler: Kamusal agik alan, Dijital gozlem yontemleri, Cografi Bilgi
Sistemleri (GIS), Veriye dayali yaklasimlar, Kent dinamikleri.
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1. INTRODUCTION

With the age of computation, data becomes an important source to
create the computational approaches to understand complex urban
dynamics. Observing and measuring becomes key aspects to gather
data aiming to understand the public life in the cities. The dynamics of
the cities become representative and measurable through the
computational models generated with computation tools and methods.
In urban informatics, Spatial distribution maps are closely linked with
computational models. A spatial distribution map is utilized to visualize
data in a spatial context. In this manner, it supports spatial
computational models, that used to compute complex urban systems
with intend to understand and predict an urban phenomenon. It can be
said that the spatial distribution map of an urban parameter creates a
baseline for computing it. The spatial distribution map of an urban
parameter sets a basis to compute its dynamics.

On the other hand, spatial maps of urban dynamics get support from
digital technologies. Locative media data, and digital tracing
technologies enable to take the pulse of the public life. Locative media
is location-based data obtained through mapping or navigating
applications, or social media platforms (Wilken & Goggin, 2017).
According to Wilken and Goggin (2017, p.1) locative media
technologies are “linked to the places and spaces in which they are used
and experienced. GPS coordinates, geotagged photos or videos, social
media check-ins, or any other digital content linked to a specific
physical location”. Digital tracing tools provide to count people in
activities, track and trace people movement, which are grouped under
advanced tracing technologies (ATT). The ATT involve GPS, mobile
phone positioning, Wi-Fi tracking, RFID, Bluetooth, video monitoring,
machine learning technologies, and mobile applications like
Counterpoint (van der Spek, 2008; van Schaick, 2010). They contribute
to urban knowledge by supporting spatial and functional maps (van
Schaick, 2010). These technologies are used to collect spatial and
temporal data with high accuracy, supporting urban planning decisions
by providing data on pedestrian movement patterns, speed,
transportation mode, and time spent at specific locations (van der Spek,
2008; van Schaick, 2010). In the scope of this research, digital tracing
methods and locative media data have been employed to conduct data-
driven decision-making process in order to improve the quality of public
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space. In the time of digitization, this study poses the question of how
to include digital technics for understanding the urban place
experiences and develop a design product that increases place
experiences.

This study employs a data-driven approach to urban furniture design,
in Beyazit Square as the case study area. The aim is to incorporate data-
driven decision-making into architectural education within the context
of the workshop. This workshop forms part of the Environmental
Informatics course, hosted by the Istanbul Kiltir University's Faculty of
Architecture Interior Architecture and Environmental Design
Department. This lecture, comprised of 50 third and fourth-year
undergraduate students from the fields of interior architecture and
environmental design, promotes collaborative efforts with group
projects involving 3 or 4 students each.

The workshop aims to introduce participants to digital tools and
methods for investigating place dynamics and developing design
concepts that enhance people's interaction with public spaces. The
workshop begins with an introduction to the concepts of public space,
public life, liveability and placemaking in public open spaces (POS). A
range of digital tools, within various applications, analysis techniques,
design strategies, and representation tools, are introduced to the
students as a method to understand the place dynamics and formulate
a design concept for urban furniture to augment public interaction with
the space. The data-driven decision-making process (DDSS) workflow is
depicted in Figure 1.
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Figure 1: The workflow of data-

driven decision process
(developed by the author).

2.LITERATURE REVIEW

2.1 An Exploration Of Successful Public Spaces

Public spaces serve as the foundation for the public life of cities, where
people engage with society and different activities (J. Gehl, 2007).
These spaces play a crucial role in enhancing place image, fostering
place attachment, and promoting a sense of place through people-
place interactions (Urban Design Guidelines for Victoria, 2017). Public
spaces used to be evolved organically according to human experiences,
activities and uses. With the rapid urban growth, public life has been
neglected through the car-dependency and large-scale urban
development (J. Gehl & Svarre, 2013). Modernist cities have faced
criticism due to their poor living environments, large-scale urban
development, loss of control over public life, social segregation,
inequality, and a decline in place attachment and place identity (A.
Jacobs & Appleyard, 1987).

Since the 1960s, the focus of environmental design has been
increasingly concentrated on the interaction of public life with public
spaces, to gain a better understanding of the user dynamics and urban
functioning (J. Gehl & Svarre, 2013). Jacobs' (1961) seminal work
pointed out the drawbacks of modern cities for livable urban spaces
and the need for livable urban spaces that center around human needs
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and experiences. Alexander et al.,, (1977) further emphasized
community-centered design, which laid the foundation for the concept
of public life. Kent (1975) asserts that everyone has the right to live in
a good place, and therefore, individuals also have the right to
contribute towards making a place better (PPS, 2007). Regarding the
emphasis on human-centered public spaces, Kent (1975) established
the organization of Public for Project Spaces (PPS), which played a
pivotal role in implementing placemaking initiatives to improve the
quality of life in public spaces (PPS, 2007). The placemaking approach
empowers people to shape physical, cultural, and social aspects of
public realm (PPS, 2016). The Project for Public Spaces (PPS, 2007)
introduced 'the place diagram,' a tool designed for the assessment of
public spaces. This diagram represents the key attributes, within their
qualities and quantities for successful place, as shown in Figure 2. Four
primary attributes are delineated for successful places, which are
accessibility, comfort, and image, uses and activities, and sociability
(PPS, 2016). Accordingly, the successful places are accessible and well
connected, comfortable and have a good urban image, attract people
for different activities, and sociable environments to visit (PPS, 2016).

What Makes a
Great Place?

RETMLEAES

Project
for Public

Spaces

To achieve successful public spaces, architects and urban planners have
increasingly underscored the social life in public open spaces (POS)
considering the comfort, use, activities, access and attractions. Gehl

Figure 2: The key attributes for
successful public spaces (PPS,

2016).
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(1987, 2007, 2010) further emphasized the need to design spaces that
align with human scale and accommodate various activities by
highlighting ‘life between buildings.” New methods, measurements,
and tools have been developed to monitor the public life in the cities.
These advancements signify a growing effort in both academic and
practical fields to prioritize human-centric, sustainable, and livable
urban spaces.

2.2 Observation and Measurement in Public Spaces

Observation is the key to measure and understand the public life (Gehl
& Svarre, 2013). Observing people experiences through the activities
enables to understand the interaction of people with public space and
reveal the potential of public space (Gehl and Svarre, 2013). There have
been many methodologies and indexes to assess public life by
conveying observations into quantitative measures. While Whyte
(1980) concentrates on user behavior in public spaces, Brower (1988)
focuses on the physical qualities of public space affecting people use.
The focus of public space evaluation is on use and activities in Gehl and
Gemzoe (1996) study. Addition to physical and activities, Mehta (2014)
assesses social qualities of public spaces based on inclusiveness
(tolerance for different people), meaningful activities (activities foster
socializing and place attachment), comfort (physical, climatic), safety
(sense of safety with eyes on street, and traffic safety), pleasurability
(spatial attributes for likeability). Similarly, Skjeeveland et al. (1996) also
assesses social qualities through the lenses of social interaction, sense
of community and place attachment. Zamanifard et al. (2019) present
an index for measuring experiential qualities (EQs) of public spaces,
based on qualities of comfort, diversity, vitality, inclusiveness, image
and likeability. The reference studies indicate that, the key theme
across these measurement approaches is their focus on assessing the
success of public spaces from a user perspective, through social,
physical, experiential factors. This study focuses on user activities and
diversity, therefore Gehl’s (2010) observation methods have been
applied in this study.

Gehl (1987) categorizes the activities taking place in urban spaces in
terms of its relationship with place. According to Gehl (1987), the
activities, taking place in public spaces, are as necessary, optional and
social activities. This categorization is useful to conduct observatory
methods to understand how public open space (POS) is functioning.
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Commuting to work, going to school or buying groceries are examples
of necessary activities (Gehl, 2010). They are daily tasks or obligatory
activities, which are independent from the physical quality of urban
environment. Walking or relaxing in a park are optional activities, which
take place under favorable conditions of urban environment. Making
conservation, communicating, greeting other people or passive contact
are examples of social activities, which are the outcome of the
necessary and optional activities (Gehl, 2010). The more people in
public space means more activities, more spending time and leads to
more meaningful contact. It can be deduced that the quality of urban
public space matter for the activity types, and people amount engaged
in activities. Figure 3 displays the relationship between place quality
and the rate of activities (Gehl, 2010). Accordingly, when the place
quality is high, the optional activities’ occurrence increases in parallel.
Additionally, the increase in optional activities results a rise in social
activities’ rate (Gehl, 2010).

Quality of the physical environment
Poor Good

Necessary activities . .

Optional activities N

“Resultant” activities ®
(Social activities) .

For observing the activities in POS, the questions of "how many, who,
what, where, how long" are helpful to delineate the urban dynamics.
They are grouped under observatory questions in the scope of this
study. The "how many" question is fundamental in assessing city life, by
quantifying people's actions and movements. The "who" question is

Figure 3: The graphical
representation of place quality
and rate of activities (Gehl,
2010).
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central to understanding public space usage, implying the need to
identify and categorize people based on gender or age attributes. The
"what" question explores the types of activities carried out in public
spaces, which can range from necessary tasks like shopping or
commuting, to optional activities like jogging or reading. The "how
long" question is associated with the time people spend doing activities
in public spaces (Gehl & Svarre, 2013). Gehl and Svarre (2013)
categorize the main methods to measure the public life and answer
abovementioned questions:
e Counting the people in activities to answer who and how many
questions;
e Mapping the activities on the survey area (behavioral mapping)
(what);
e Tracing to follow people movement (where);
e Tracking to observe people movement and presence
(shadowing) (where);
e Photographing (what/how);
e Keeping an activity diary (what/who/how/how many) (Gehl &
Svarre, 2013).
Public Space Public Life (PSPL) survey methods, developed by Gehl,
to measure the human-place interactions in the public spaces
These survey tools, developed by the Gehl Institute, employ various
data collection methods, including activity mapping, people
counting, and interviews, to gather observational data (Gehl
Institute, 2017). Stationary Activity Mapping method is used to
capture people’s postures and activities (Figure 4a). This method
involves observing and documenting different postures such as
standing, sitting (in public, private, or commercial spaces, as well as
informal settings), lying down, and in movement. Furthermore, it
captures various activities including waiting for transportation,
consuming food and beverages, engaging in commercial activities,
conversing, participating in cultural activities, and recreational
activities such as play or exercise. The Stationary Activity Map
visually depicts people engaging in different activities and adopting
various postures using different symbols. Age and Gender Tally
focuses on observing people of different age groups and genders
to gauge to what extend this area is inclusive for all age and gender
groups (Figure 4b). Individuals are divided into several categories
based on their age ranges, including toddlers (0-4 years old without
gender distinction), kids (5-14 years old), young adults (15-24 years
old), adults (25-64 years old), and seniors (65 years and older).
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Gender distinction is considered for all age groups except toddlers.
Twelve Quality Criteria is used to evaluate to what extend the area
provides protection, comfort, and enjoyment for the people
engaging in activities (Figure 4c). The protection criteria encompass
the availability of protection against unpleasant exterior conditions
such as traffic, climate and noise. Comfort involves the availability
of options for conducting stationary activities. Enjoyment
encompasses the factors that enhance people-place interactions,
including appropriate scale, aesthetic quality, pleasant climate
conditions, and sensory experiences (Gehl Institute, 2017). By
utilizing these PSPL survey methods, urban planners and designers
can gather valuable data on to assess the quality and effectiveness
of public spaces, within the needs, desires and interactions of the
individuals.

Figure 4.: (a) Stationary Activity
Mapping, (b) Age and Gender
Tally, (c) Twelve Quality Criteria
(Gehl Institute, 2017).
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Gehl Architects (2015) developed a public life diversity toolkit as a
prototype for measuring social mixing and economic integration in
public space. They prototyped three different tools, to give a snapshot
of social mixing between people in different economic groups (Gehl
Architects, 2015). They apply intercept survey, observational analysis
using Public Life methodology, and social media data to understand
how diversity of public life occurs in public space (Gehl Architects,
2015). EMBARQ and Gehl Architects (2013) also evaluated public
spaces and public life in Istanbul Historical Peninsula to increase urban
vibrancy by using the public life methodology (PSPL survey tools). The
quality of place has been assessed considering People activities, and
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Figure 5.: Activity analysis in
Istanbul Historical Peninsula
(EMBARQ & Gehl Architects,

2013).
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different user profiles, quality of public spaces, pedestrian movements
and network, traffic and mobility, perception of safety, have been
assessed and visually represented through informative maps and
diagrams. Accordingly, EMBARQ and Gehl Architects (2013) assert
recommendations interaction to promote accessibility, walkability,
traffic calming, public transportation use, attractive public spaces, and
successful mix-use with variety of activities for revitalization of the
place (EMBARQ & Gehl Architects, 2013). Figure 5 depicts the
stationary mapping analysis in Istanbul Historical Peninsula.
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In this study, the PSPLs are used as a guideline to answer the
observatory questions. This study takes advantage of Stationary Activity
Mapping, Age and Gender Tally, and Twelve Quality Criteria Tools to
measure to what extend this area is attractive for activities, inclusive,
and inviting. It employs utilizes the Counterpoint mobile application as
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a digital tracing method to track live traffic, gender and tally within
activities in POS. As locative media data, this study benefits from the
user check-ins in Foursquare, photo-sharings in Flickr platforms, and
activity places in Google Places. Data is obtained through web scrapping
of the Foursquare, Flickr and Google Places APls. Web scraping is a
technic of data extraction from public websites or APIs, and structuring
data sets using automated with programming tools. The aim of
integrating digital tracing and locative media data is to support the
observations with user generated data to gain better understanding of
user dynamics and pattern in public space.

2.3. Beyazit Square

The Istanbul Historic Peninsula District, renowned for its rich and
layered cultural heritage, was among the earliest settlements in
Istanbul (EMBARQ, 2014). This district has been included in the
UNESCO World Heritage List in 1985, as ‘outstanding universal value'
(Site Management Directorate of Istanbul Historic Peninsula, 2011,
2018). The district is characterized by its diverse vernacular
architecture, building and social patterns, and a population with varied
socio-economic backgrounds (Turgut & Ozden, 2005). Moreover, it is
also recognized for distinctive skyline, shaped by historical urban fabric
and topography, significant historical masterpieces, and the unique,
layered urban pattern formed by multiple civilizations. As a
cosmopolitan city center, the Historic Peninsula District serves as a
primary hub for commerce, history, culture, and education (Site
Management Directorate, 2011). It combines its unique historical
center value with the dynamism of a cosmopolitan city that continues
to adapt to changing times. This duality of historical and metropolitan
elements offers both challenges and opportunities, influencing the
functionality of the urban environment.

The Historical Peninsula encounters imbalances in functions, activities,
and user demographics in different times and places, alongside a
decline in place attachment, awareness, and social interaction, within
the low quality of POS (EMBARQ & Gehl Architects, 2013; IMM Cultural
Assets Conversation, 2016). The quality of open public spaces is
‘underperforming’ due to limited size, undefined spatial definition for
activities, and low engagement with surrounding areas and green
spaces (EMBARQ & Gehl Architects, 2013). The public spaces fail to
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Figure 6.: Tag cloud about
Beyazit Square.

307

comfortable

offer diverse activities and multiple uses; resulting in low attraction for
users (EMBARQ & Gehl Architects, 2013). This study selects Beyazit
square as a case study area. Beyazit Square is among the vital public
spaces in the area, that embraces the potentials and drawbacks of the
site.

Beyazit Square has historically been a central shopping location
throughout the Ottoman Period (Kuban, 1994). During the Byzantine
Period, this square housed the Tauri and Theodosius Forum (Kuban,
1994). The square has continually served as a market area (Kuban,
1994). Beyazit Square holds a significant position in city history due to
its historical background, strong image, and dynamic attributes (Kuban,
1994). It has served to different functions for social and cultural,
religious, administration, education, and shopping purposes (Site
Management Directorate, 2018). Situated on the historic axis of the
Historic Peninsula (Emindni-Hagia Sophia-Beyazit-Aksaray axis), the
square is at the center of commercial, tourist, and cultural activities.
From the early Republican era, numerous modifications have been
applied to the square to centralize this place for activities and mobility
(Site Management Directorate, 2018). More recently, efforts have been
made towards pedestrianization and revitalization to prevent the
square from being solely transport-oriented (Site Management
Directorate, 2018). Figure 6 illustrates a tag cloud compiled by students,
reflecting their initial impressions of the site. The common perception
is that Beyazit Square is bustling, noisy, and a tourist hub, full of cultural
activities.
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3. METHODOLOGY
3.1. Data Collection and Representation

The students conduct site observations to observe functioning of the
place, and quantify user movement and activities. For observational
site analysis, the Public Life Toolkit (Gehl Institute, 2017) is utilized as a
digital application to record the place activities (Gehl Institute, 2017).
The Counterpoint smartphone application is employed for
crowdsourced traffic counting (Counterpoint, 2023). The students are
divided into different groups based on the observation tasks. These
observation tasks are live traffic counting, stationary activities counting,
age and gender tally, building types, and twelve quality criteria
observation. They are conducted using the related extensions of
Counterpoint mobile application. The students use the digital app and
count the people in activities, different age and gender groups, live
traffic on the streets and assess POS in twenty-minute timeframe. The
Live Traffic Counting Group counts the live traffic at five determined
locations, located at the street intersections (Gehl Institute, 2017). The
Stationary Activities Counting Group observes and counts people
engaged in activities (Figure 4a). The Age and Gender Tally Group tallies
people and categorize them based on gender and age group in twenty
minutes (Figure 4b). It gives information about the age and gender tall,
which is the baseline of this application. The Building Types Group
classifies building functions along the street facades and ranks the
buildings based on their types. Finally, The Site Observation Group
evaluates the square based on twelve quality criteria (Gehl Institute,
2017). They map the locations that met or did not meet the quality
criteria, found in Figure 4.c (Gehl, 2010).

Geographic Information Systems (GIS) has been employed to process
the observation data into digital environment. GIS serves as a tool to
organize, analyze, visualize, and disseminate a range of data from
different time and analysis scales (Campbell & Shin, 2011). GIS is a
unigue form of information technology that aids in understanding the
“what”, “when”, “how”, and “why” questions by answering “where.”
The database system of GIS has the ability to combine the spatial and
temporal data and attribute data of an object, thus creating knowledge

for spatial analysis (Campbell & Shin, 2011).

Students use a reference map as a template and create thematic maps
to illustrate the spatial distribution of human patterns and urban
functioning. Their work has two main parts which are (1) mapping a
spatial dataset, and (2) generating a new spatial dataset. In the first
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part, they convey the results of digital counting applications into a
Geographic Information System (GIS), sourced from the Counterpoint
database (Counterpoint, 2023). They download the count results in csv
format and transfer them to GIS by adding a delimited text layer. In the
second part, they develop a spatial dataset based on their observations.
This involves creating a new vector layer and assigning their
observations as new attributes to the related location. Once the spatial
dataset is defined, the students categorize the attributes to display
their density level. In the final step, they customize the symbols with
varying colours and pictograms to visually represent the data. These
steps outline the process of mapping observational data. Urban data is
collected by querying the Open Street Map (OSM), using the building
and highway layers from OSM. Additionally, Flickr photo sharing and
Google Places data are provided to the students as locative media data.
In this study, data gathered through observations and digital apps serve
as the primary data source, while urban data from OSM and locative
media data act as secondary sources. Students then juxtapose the
different datasets and draw conclusions about site issues and design
concepts.

3.2. The Relationship Analysis of the variables

A range of data types is compiled to create a QGIS database, as a result
of data analysis and site observation. Data types encompasses building
form (maintenance, condition, height) and function, to demographic
data (age, gender, types of population groups), density of people and
transport (bikes, vehicles), activity data, and visit data (visitor density,
time and day of visit). Visit data is derived from Flickr analysis, while
building function data comes from Google Places Analysis. Both are
provided to the students as secondary data sources. Other types of
data, are counting and activity data collected digital counting methods,
and observation data. Sensorial data (smell and noise) are out of the
scope of this analysis in order to limit the number of cases and
variables. Data is aggregated using the spatial join method in GIS. The
generated spatial dataset is comprised of 17 variables and 71 cases,
Table 1: The dataset, shown distributed across grids measuring 15 m x 15m, as illustrated in Figure
partially. 7 on GIS, and in Table 1 in tabular form.
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Abushhawish, Nada Elgaphry).

Following the database, a mental map is created with students. This
mental map is formed according to the relationships of the variables,
derived from site observation. The crowd level (target node) is
influeced by visitor density including tourist and locals and visit time,
age and gender of people, people engaged in activities, traffic (vehicle,
bike and pedestrian density), building functions and ambiance (height,
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condition). Students were asked to examine the relationship between
the state of being crowded and other parameters (Figure 8).

building_...

ambiance

act_people

Figure 8: The relationship
network, created by students.

The relationship network is assessed with artificial intelligence method,
using Bayesian Belief Network (BBN) that imitates human probabilistic
thinking to make decisions in uncertain and complex situations (Nilsson,
2010). Pearl (2006) transfers the human probabilistic-intuitive
reasoning capabilities in uncertain conditions to artificial intelligence
systems through BBNs. BBNs are compact probabilistic graphical
models that combine probability and graph theories (HUGIN Expert,
2013). These networks comprise directed acyclic graphs (DAGs) that
depict causal associations between nodes and conditional probability
tables (CPTs) detailing the conditional probability distribution for each
node (HUGIN Expert, 2013). BBNs are valuable tools to be used for
knowledge discovery (Fusco, 2008; Han et al., 2012; Heckerman, 1997).
Their ability to manage incomplete datasets and learn causal
relationships for predictions sets them apart as valuable tools for
knowledge discovery (Heckerman, 1997). BBNs provides to visualize
intricate relationship networks (Fusco, 2008). In urban studies, BBNs
have been utilized to explore relationships between sustainable
mobility indicators (Fusco, 2004), traveler satisfaction indices (Yanik et
al., 2017), neighborhood popularity (Ardi¢c et al., 2020) and social
network parameters (Kemperman & Timmermans, 2014), and spatio-
temporal dynamics (Fusco, 2008). In this study, BBN is employed to
explore direct and indirect relationships between variables.
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This relationship network is also constructed through Bayesian Belief
Network (BBN). The aim is to explore hidden relationships and also to
evaluate the performance of this relationship network. This study
creates a hybrid BBN that combines expert knowledge and learning
algorithm. As learning algorithms, the Necessary Path Condition (NPC)
has been used to assesses conditional independencies between nodes
using statistical tests (Steck & Tresp, 1999). The relationship network -
created by the students- conveyed to Bayesian Network, and applied
NPC to find indirect relationships between variables (Figure 9.a, 9.b).

Bayesian Belief Network (BBN) is evaluated based on learning and
prediciton performance. The EM algorithm, also known as the
Expectation-Maximization algorithm, has been employed to calculate
the conditional probability distribution of variables according to the
contructed BBN, using dataset. The algorithm performs learning until
expectations are maximized; it reaches maximum likelihood, known as
log-likelihood (Timmermans and Kemperman 2014). Another BBN is
created using NPC without expert knowledge for comparing learning
and prediction performance. The expert based hybrid BBN generated a
log-likelihood score of -345.596, after performing EM learning to the
dataset; while the automated BBN the learning performance is
-367.644.

For prediction performance, the dataset is divided into a 70% training
set (53 case) and a 30% testing set (17 case). The researcher configures
batch propogation to the dataset and propogate belief of being
crowded. For this, she selects the crowd level as target node, and being
crowded as target state. The beliefs of being crowded (probabilities)
and the states (evidences) are compared with binary classification
model (BCM). In BCM the ROC (receiver operating characteristics) curve
curve divides area as positive (true positive rate) and negative class
(negative positive rate). The area under curve indicates how well the
BBN correctly predicts the probability of being crowded. In this hybrid
BBN the area under curve is 0.875, while 0.625 in automated BBN. This
indicates that the 87% of the possibilites are predicted correctly in
hybrid BBN, while this rate is 62% in automated BBN. Based on these
performance test results, it can be deduced that expert based hybrid
BBN shows greater performance in learning and prediction. Figure 9
exhibits automated BBN (Figure 9.a) and hybrid BBN (Figure 9.b)
monitoring the probabilities. The expert based hybrid network has
more complex relationships. The relationships between building height
and condition, traffic level and ambiance, vehicle and active people,
visit time and building condition, gender and building height are found

Figure 9: The hybrid expert BBN
(Figure 9.a), and automated BBN
(Figure 9.b) constructed through

learning algorithm.
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by the algorithm. Apart from the last two relationships,
relationships seems meaningful based on the observations.
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4. CASE STUDY RESULTS

According to the results of site observation, several problems are

identified by different groups. The unbalanced distribution of the
population in terms of age and gender is one of the most highlighted
problems in the site (Group A1, A2, C4, and S4). Another drawback is
lack of activities and overcrowding of people and vehicles leading to
traffic congestion (Group B1, S1, S3, and S5). The insufficiencies of
gathering places for both people and animals in emergency situations
is another focused problem (Group Q3). Additionally, lack of place

perceptions and experiences pose another problem and Group S2 draw

attention to awareness in sensorial experiences. In terms of design

concepts, Group A2, Al, and S4 propose an inclusive design approach,

while Group C4 emphasizes designing for children. Group B1, S1, and
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S3 suggest enriching activities, while Group Q3 focuses on design on
emergency considering human and animal protection. Group S5
proposes design for enhancing tourist activities, and Group S2
highlights the importance the audio-visual sensorial experiences in this
historical site. Based on the students’ assessment, design decisions
could involve addressing the unbalanced population distribution,
enhancing activities while minimizing overcrowding and traffic
congestion, providing gathering spaces for both people and animals in
emergency situations, promoting inclusive and child-friendly design,
enriching tourist experiences, and fostering sensorial engagement.

The students take into consideration the relationship network to make
conceptual decisions. Group S1 focuses on activities. They consider the
positive effect of active people, and people diversity (age & gender) on
crowd level, and negative effect of vehicles within traffic level on active
people. Group S2 concentrated on the relationship between activities,
population groups, and sensory experiences. The noise and smell level
are evaluated under sensory experience. They consider the relationship
between sensory experience and crowd level, sensory level and people
activities, and also people activities and crowd level. Based on Group S2
observation, more people density and activities create more smell and
noise affecting sensory experience. Lastly, Group S4 focuses on the
activities of elderly people. The impact of traffic level, crowd level and
visit density on elderly people becomes significant. The affecting factors
of crowd level including visit density, active people within age are the
focus in this study.

“F

lA crowd_lev

w-

. Group S1
B Groups2
D Group S4

Figure 10: Mapping
relationships used by students
in conceptual decisions.
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This study concentrates on a selection of case study projects from
among the student submissions, to present the outcomes of the data-
driven process. Students in Group S1 identified activities as the most
significant parameter, subsequently activity is the central focus of their
urban furniture design. They pointed out lack of activities, seating, and
lighting as key issues preventing the efficient use. To address these
problems, they leveraged modular design approach for urban furniture
to provide additional opportunities for sitting, walking, waiting for
transport, relaxing, and participating in social activities. They target to

Figure 11: Group S1 proposals make this area attractive for conducting social and optional activities,
for augmenting place activities

(Ozlem Ozcan Ozim Ezgi
Yalcin, Asiman Cengiz).

which are place-dependent activities during both day and night time
(Figure 11).
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Group S2 investigates the relationship between activities, population
groups, and sensory experiences. They observed that increased activity
and diverse population groups (including tourists and locals), along with
higher people density, influenced the levels of noise and the range of
smells at the site. More activities led to high level of different sound
and smells. Focusing on the aspect of sound, Group S2 designed a space
to enhance the auditory experience while protecting users from

external noise. In their audiovisual hub, individuals can experience the Figure 12: Group S2 proposals
for improving sensorial
experiences (Sheren Shaker,
Shuroog Ali Mohammed).

soundscape of the place and learn the history of place; while relaxing
in a semi-open area that is insulated from external noise (Figure 12).
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Finally, Group S4 concentrated on the density of the elderly population,

their activities, and obstacles in the square. From their observations,

they concluded that the elderly population is negatively affected by the
Figure 13: Group S4 proposals density of people and noise. Consequently, they designed urban
furniture to facilitate optional and social activities in the area, and
protect from density of the crowd (Figure 13).

for elderly people (Dalya
Abushhawish, Nada Elgaphry).
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4. CONCLUSION

In conclusion the aim of this workshop was to introduce the students
with the developing design decisions considering observation data.
Data driven design process is experimented. Data-driven design
process support the conceptual decisions for urban furniture
considering urban dynamics. People activities and profiles is monitored,
the urban movement is traced, the POS quality is assessed. The
collected data are mapped in GIS to create spatial maps. The spatial
maps act as a mental map to convey the students’ site observation.

The participants find the use of digital tracking application
(Counterpoint) challenging, but useful for observing the live traffic and
people. The digital observation tools inspired them to determine their
focus group for urban furniture. On the other side, the majority of
participants assess the use of GIS easier in comparison to digital tracing
tool. This tool is useful to process observation data obtained through
digital applications, create spatial datasets, and integrate them to
create a database. Compared to conventional observation and analysis
methods, digital methods offer a range of advantages. Digital methods
enhance the process of organizing and analyzing data. This
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enhancement is due to their ability to process a variety of data types
quickly, thereby improving overall data handling speed. Furthermore,
these digital methods are more accurate, providing detailed and
precise information. As a result, the versatility, precision, time and labor
efficiency of digital methods make them more preferable. They
facilitate to observe people movements and activities within the live
traffic. Moreover, the digital observation methods inspired them to
define their focus and find target user profile.

The spatial distribution of urban elements is represented in GIS. The
spatial maps act as a mental map that gives the impressions and
observations of the participants. They aid in understanding and
monitoring urban functioning, and discovering the problems and
shortcomings in the site. The students utilize observational data the
most, user-generated data second most, and urban data third when
generating the concept of urban furniture. The relational map is useful
to create relationships between distinct analysis concept and
determine the focus of the concept considering the relations. Overall,
the outcomes of the spatial analysis contribute on determining the
function, user group and concept of the urban furniture. As the results
demonstrate, the application of data-driven observation and analysis
methods has been useful in developing user scenarios and detecting
target user profile, identifying user needs and demands, and making
functional decisions during the design of urban furniture. The students
highlighted the challenges posed by the use of digital observation
methods and the learning curve associated with GIS software as
limitations of the study. The technical glitches and connectivity
problems also limit the site observations.

In the further stages, site observation is expanded with a questionnaire
to include place perceptions and experiences in the public spaces.
Moreover, the site observation methods become limited with counting
through digital tracking application; however, site observation methods
can be supported with conventional observation methods including
sketching, photographing or video recording and keeping activity
diaries, as stated by Gehl and Svarre (2013).
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