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Dijital Zanaatkarlikta Yeni Donemler

Editorden

JCoDe'unonbirincisayisi hizladegisenteknolojininetkisialtindadénusmeye
devam eden tasarimci-tasarim nesnesi, tasarimci-sUreg ve tasarimci-arag
iliskisini dijital zanaatkarlik baglaminda tartismaya agmaktadir. Zanaatkarlik
kavrami tarihsel olarak el ile yapilan Uretim sureglerinde ustalasma ile
iliskilendirilmistir. EndUstriyel donemde tasarim ve Uretim sUreglerine
yeni katmanlarin ve araglarin dahil olmasi, Uretim sUrecinin pargalara
ayrilmasl, parcgalarin basitlestiriimesi, stirece makinelerin ve otomasyon
sistemlerinin dahil olmasli ve seri Uretim olanaklari tasarimcinin yaptigi ise
yabancilasmasl tartismasini beraberinde getirmistir. Dijital donemde ise
ozellikle bilgisayar destekli tasarim ve Uretimi (CAD/CAM) yayginlasmasinin
ivme kazandigi 2000'li yillarin baslarinda dijital zanaatkarlik kavrami farkli
boyutlariyla gindeme gelmistir. Dijital fabrikasyon sUreglerinde ustalik ve/
veya uzmanlasma, tasarimdan-Uretime butunsel is akislar, malzemenin
bicimlendirilmesi, standardizasyon, en iyileme ve &zellestirme, algoritma
okur-yazarligi bu tartisma eksenlerinden bazilaridir. GUnUmuzde ise yapay
zeka ara¢ ve yontemlerinin cesitlenmesi ile birlikte tasarim ve Uretim
sUreclerinde yeni bir donusum esigi belirmektedir ve bu baglamda dijital
zanaatkarligin kavram, kuram ve uygulama eksenlerinde yeniden ele
alinmasina ihtiyag bulunmaktadir.

Tasarim teknolojilerinin surekli degismekte oldugu bir zeminde tasarimcinin
Uretim sureci Uzerindeki kontroll ne dlgude devam edebilir ve ustalasma
ya da uzmanlagsma mumkudn mudur? Belirli bir donem uzmanlik olarak kabul
edilen bir beceri basgka bir donemde gegerliligini yitirebilmektedir. Diger
yandan her gegen gun yeni uzmanlik alanlari ortaya ¢ikmaktadir. Bilgisayar
destekli tasarim ve Uretimin yalnizca bir alt alaninda uzmanlasma, yeni
yabancilasma bicimlerine yol agabilmektedir. Tasarimcinin, bir baskasl
tarafindan gelistiriimis olan ve ¢alisma mekanizmasi bir kapall kutu gibi
bilinmezlik tasiyan bir algoritmanin veri saglayicisi olmanin dtesinde icgoru
ve motivasyonlara ihtiyacl bulunmaktadir. Dolayisiyla hesaplamali tasarim
ve yapay zeka caginda ustalasma, geleneksel olarak bir ustanin yaninda
yaparak égrenen giragin surecinden daha farkli karsilasmalar, ¢cabalar ve
deneyimler gerektirmektedir. Richard Sennett'in zanaatkarlik tanimini
genisleterek zanaatkarligi bilissel ve zihinsel sUreglerle birlikte butlUnsel
olarak ele alma onerisi, icinde bulundugumuz dénemde zanaatkarligin
yapisokumu icin ipuglari sunmaktadir.

Bu baglamda JCoDe'un onbirinci sayisinda hesaplamali tasarim ve yapay
zeka doneminde dijital zanaatkarlik ve tasarimcinin degisen rolU, tasarim
problemi kurma ve problem ¢dzme iliskisi, baglam-duyarli ve probleme
6zgU bigimlendirilen tasarim ve Uretim ¢dzUmleri, tasarim nesnesinin kisiye
Ozellestirilebilirligi, tasarimci- veri, tasarimci-algoritma, tasarimci-arag
etkilesimleri, dijital zanaatkarligin yeni tanimlari ve elestirisine odaklanan
kuramsal katkilar, uygulamalar ve vaka galismalari tartismaya sunulmaktadir.



Geleneksel zanaat ve malzeme bilgisinin dijital stregler ve yontemlerle nasil
donustugune odaklanan calismalarin yer aldigi ilk bolimde Hulya ORAL
KARAKOGC zanaat bilgisinin parametrik hale getirilerek dijital ortamlarda
korunmasi ve aktariimasini ele almaktadir. Bu sUrecte, ortuk ve sezgisel
zanaat bilgisinin naslil kodlanabilecedi ve bu bilginin dijital platformlarda
nasil paylasilarak yeni nesil tasarim sUreclerine entegre edilebilecedini
tartismaya acarken, dijital zanaatin mimarlikla kesisimindeki potansiyelleri
ortaya koymaktadir. Zehra GULOGLU, Aysegil AKCAY KAVAKOGLU
ve Leman Figen GUL calismalarinda katlanabilir kumas kaliplarin dijital
zanaatkarlik ve beton dokim sureglerinde nasil kullanilabilecedini
arastirmaktadir. Onerdikleri ¢ asamali yontemde katlama desenlerinin
secilmesi, dijital olarak kalip Uretimi ve beton dokiUmu gibi sUrecler yer
almakta, sonuglari dijital benzetimle karsilastiriimaktadir. Calisma, dinamik
kaliplarin gelecekte muhendislik ve mimarlik gibi ¢esitli alanlarda yenilikgi
uygulamalar sunma potansiyeline dikkat cekmektedir. Asena Kumsal
SEN BAYRAM, Yekta OZGUVEN, Nadide Ebru YAZAR, Erincik EDGU ve
Sebahat Sevde SAGLAM yapay zekanin (YZ) geleneksel tasarim siireclerine
entegrasyonu Uzerine odaklanarak, katilimcilarin malzeme deneyimive YZ ile
form Uretimi sUreglerini incelemektedir. inceledikleri bir calistay sirecinde
biyopolimer malzemeler ile yapilan tasarim c¢alismalari ve Midjourney
gibi YZ araclariyla form gelistirme asamalari detaylandiriimaktadir.

Hesaplamali tasarimin, algoritma gelistirme ve uygulamalarinin ve dijitalin
zanaatinin farkjli dlcek ve baglamlarda ele alindigi ikinci bélimde Pinar
CALISIR ADEM ve ilay Beylun ERTAN geleneksel Kurtbogaz ahsap gegcme
sisteminin hesaplamall tasarim teknikleriyle nasil yeni mimari formlar
olusturabilecegdini arastirmaktadir. Birlestirici Tasarim Algoritmasi (BDA)
kullanilarak farkli yapilarin moduler ve yeniden yapilandirilabilir ézellikleri
incelenmekte ve geleneksel yapim ydntemlerini gagdas mimariyle
birlestirerek yeni form Uretim potansiyellerini ortaya koymaktadirlar.
Mahad Mohamed Elhadi IMHEMED ve Can UZUN pekistirmeli 6grenme
kullanarak etmen tabanli modelleme ile kentsel mekanlarda yon bulma
sUreglerini analiz etmektedir. Sultan Ahmet Camii ve ¢evresi Uzerinde
yapilan simulasyon c¢alismalari, etmenlerin merak odakli yon bulma
davranislarini incelemektedir. Kentsel tasarimda norosehircilik kavramiyla
iliskilendirilen yon bulma davranislarini yapay zekd araciligiyla simule
ederek, insan merkezli sehir tasarimiigin dnemli girdiler sunmaktadir. Yaren
SEKERCI, nérobilim ile mekansal tasarim arasindaki kesisimi ve bu alandaki
son egilimleri bibliyometrik analiz ile incelemektedir. 2003-2023 vyillari
arasindakiyayinlarianalizederek, insanrefahiniartirmayihedefleyen biyofilik
tasarim ve stres azaltma Uzerine artan akademik ilgiyi vurgulamaktadir.

Dijital cagda zanaatin temsil, ortam ve etkilesim baglamlariyla bir arada ele
alindigi tigtinct balimde, Nurcan YILDIZOGLU geleneksel eskiz ve dijital
tasarimaraglariolanCADveYZdestekliaraclarinmimaritasarimsuUreglerindeki
rollerini karsilastirmaktadir. Arastirma, bu araglarin yaratici sureglerde nasil
birbirini tamamlayici nitelikte kullanildigini analiz ederek, her iki yontemin
de tasarim sureclerinde énemli roller oynadigini vurgulamaktadir. Zeynep
Ozge YALCIN oyunlastirma ile Yapi Bilgi Modellemesini (BIM) birlestirerek
tasarim sUreglerinde kullanici katilimini artirmayi amacladidi arastirmasinda,.
BIM ortamlarinda kullanilan oyunlastirma bilesenlerinin paydaslarin karar
verme sUreclerine nasil katk saglayabilecedi degerlenlendirmektedir.



New Epochs in Digital Craftsmanship

Editorial

The eleventh issue of JCoDe explores the evolving relationships between
designer-design object, designer-process, and designer-tools within
digital craftsmanship, under the impact of rapidly changing technology.
Historically, craftsmanship has been associated with mastery in hand-
made/manual production processes. The industrial era brought new
layers and tools into design and production processes, fragmenting
the production process, simplifying parts, incorporating machines and
automation systems, and enabling mass production. These changes
have sparked discussions on the alienation of designers from their work.
In the digital era, particularly with the acceleration of computer-aided
design and manufacturing (CAD/CAM) in the early 2000s, the digital
craftsmanship has gained prominence in various dimensions. One of the
key discussion points is mastery and/or specialization in digital fabrication
processes, holistic workflows from design to production, material forming,
standardization, optimization, customization, and algorithm literacy. Today,
with the diversification of artificial intelligence tools and methods, a new
transformation threshold is emerging in design and production processes,
necessitating a reevaluation of the concepts, theories, and practices of
digital craftsmanship.

In a constantly evolving landscape of design technologies, to what extent
can a designer maintain control over the production process, and is
mastery or specialization still possible? Skills once regarded as expertise
may lose their relevance over time, while new fields of expertise continue
to emerge. Specialization in a single subfield of computer-aided design
and manufacturing can lead to new forms of alienation. Designers need
insights and motivations beyond merely being data providers for black box
algorithms developed by others. Therefore, in the age of computational
design and artificial intelligence, mastering craftsmanship requires
different encounters, efforts, and experiences than the traditional
apprentice learning alongside a master. Richard Sennett's proposal to
expand the definition of craftsmanship to include cognitive and mental
processes offers clues for deconstructing craftsmanship in our current era.
Inthiscontext, theeleventhissue of JCoDeinvites theoretical contributions,
applications, and case studies focusing on digital craftsmanship and the
evolving role of designers in the era of computational design and artificial
intelligence. Topics of interest include the relationship between problem
formulation and problem-solving in design, context-sensitive and problem-
specific design and production solutions, personal customization of
design objects, interactions between designer-data, designer-algorithm,
designer-tools, and new definitions and critiques of digital craftsmanship.



In the first part, which focuses on how traditional craft and material
knowledge are transformed through digital processes and methods, Hllya
ORAL KARAKOC examines the parametrization of craft knowledge and
its preservation and transfer in digital environments. She explores how
tacit and intuitive craft knowledge can be codified and shared on digital
platforms, integrating it into next-generation design processes while
revealing the potential of digital craftsmanship at the intersection with
architecture. Zehra GULOGLU, Aysegul AKCAY KAVAKOGLU, and Leman
Figen GUL investigate how foldable fabric formworks can be used in digital
craftsmanship and concrete casting processes. Their proposed three-step
method includes the selection of folding patterns, digital mold production,
and concrete casting, with the results compared through digital simulation.
The study highlights the potential of dynamic molds for innovative
applications in fields such as engineering and architecture in the future.
Asena Kumsal SEN BAYRAM, Yekta OZGUVEN, Nadide Ebru YAZAR, Erincik
EDGU, and Sebahat Sevde SAGLAM focus on the integration of artificial
intelligence (Al) into traditional design processes, examining participants’
material experiences and Al-assisted form generation. They detail design
studies using biopolymer materials and Al tools like Midjourney in a
workshop setting.

In the second part, which addresses computational design, algorithm
development, and the craft of the digital in different scales and contexts,
Pinar CALISIR ADEM and ilay Beylun ERTAN explore how the traditional
Kurtbogaz timber joint system can create new architectural forms
using computational design technigues. Using the Aggregative Design
Algorithm (ADA), they examine the modular and reconfigurable features
of different structures, revealing the potential for combining traditional
building methods with contemporary architecture. Mahad Mohamed
Elhadi IMHEMED and Can UZUN analyze wayfinding processes in urban
spaces through agent-based reinforcement learning modeling. Simulation
studies around the Sultan Ahmed Mosque investigate the curiosity-driven
navigation behaviors of agents, providing significant inputs for human-
centered urban design by simulating wayfinding behaviors associated
with neuro urbanism. Yaren SEKERCI conducts a bibliometric analysis of
the intersection between neuroscience and spatial design, focusing on
recent trends. By analyzing publications from 2003 to 2023, she highlights
the growing academic interest in biophilic design and stress reduction
aimed at enhancing human well-being.

The third part combines the craft's representation, medium, and interaction
aspects in the digital age. Nurcan YILDIZOGLU compares the roles of
traditional sketching and digital design tools, such as CAD and Al-assisted
tools, in architectural design processes. Her research analyzes how these
tools complement each other in creative processes, emphasizing both
methods’ significant roles play in design. Zeynep Ozge YALCIN evaluates
how the integration of gamification with Building Information Modeling
(BIM) can enhance user participation in design processes. She assesses
how gamified components in BIM environments contribute to stakeholder
decision-making processes.
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Digitalization of Craft Knowledge in Architecture:

Translations and Transfers
Hiilya Oral-Karakog!

ORCID NO: 0000-0003-2598-8169

1 TOBB University of Economics and Technology, Faculty of Architecture and Design, Industrial
Design, Ankara, Turkiye

Ongoing discussions about the circular economy and the rise of maker culture,
driven by the widespread use of computer-aided design and manufacturing
technologies, have sparked increased interest in crafts among designers and
architects. The craft ethos, which includes designing, making, transforming, and
repairing using existing and locally available resources, fosters innovative and
sustainable design practices. However, there is a recognized need for new methods
to adapt the labor-intensive, manual, and iterative processes of traditional crafts
for building and industrial applications. In response, efforts are underway to
document and record both tangible and intangible cultural assets and to integrate
craft knowledge into contemporary design processes. These efforts are
transforming design by incorporating insights and techniques from traditional
crafts into new design domains.

In architecture, new methods are suggested to preserve and transfer the personal
and local knowledge that has developed over many years. Data sets to train
generative artificial intelligence poses various challenges for intuitive processes
such as crafts, where tacit knowledge is produced and transferred through the
master-apprentice relationship. Thus, to implement craft knowledge to
architectural design, this knowledge must be codified and formalized, that is,
defined with parameters and rules. Craft processes are parameterized and
digitalized through translations and transfers of knowledge such as embedded,
explicit, implicit and tacit. In this emerging field of digital craft, the goal is to create
a hybrid design and production process that integrates the human factors into
computational design processes through a learning-by-doing approach. Therefore,
all types of data, algorithms, tools and techniques acquired and simulated are
within the digital craftsman's toolset along with the physical tools and techniques.
The parametrization and digitalization of craft knowledge allow open-source
materials to be distributed and preserved through digital platforms known as
virtual guilds.

Creating new digital techniques and therefore mediums for digital craft processes
is a new research area that needs to be explored by architects and designers. It has
been observed that literature studies on the translations and transfer of knowledge

types between digital and physical mediums in architecture are overlooked in Received: 27.06.2024

terms of categorization of digital craft studies. This article aims to reveal the Accepted: 07.08.2024

possibilities of using these knowledge cycles in the digital craft processes within

architectural design. The literature review shows that digital craft studies in Corresponding Author:

architecture were carried out under three categories. These are the digitalization hkarakoc@etu.edu.tr

of craft knowledge in digital heritage studies, decodifying traditional craft

processes to generate digital models and hybridizing the making process by Oral-Karakog, H. (2024). Digitalization

integrating the human factors into the fabrication processes. The potentials and of Craft Knowledge in Architecture:

limitations encountered in digital craft processes will be discussed as final remarks. Translations and Transfers. JCoDe:
Journal of Computational Design,
5(2), 163-182.
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Mimarlkta Zanaat Bilgisinin Dijitallestirilmesi: Cevrimler ve

Aktarimlar
Hiilya Oral-Karakog?

ORCID NO: 0000-0003-2598-8169

1 TOBB Ekonomi ve Teknoloji Universitesi, Mimarlik ve Tasarim Fakdltesi, Endistriyel Tasarim,
Ankara, Turkiye

Bilgisayar destekli tasarim ve Uretim araglarina olan erisimin artmasiyla birlikte
sonug Urndn deneysel ve yinelemeli yapim slrecleri sonunda ortaya ciktigl zanaat
Uretimi, mimarlarin ve tasarimcilarin ilgisini gekmistir. Tasarim ve yapim ortaminin
potansiyelini yaratici sekilde kullanma olarak tanimlanan dijital zanaatta ise, sadece
fiziksel degil dijital nesne, veri ve algoritmalar da dijital zanaatkarin gelistirip
kollektif sekilde paylastigl Grtnler haline gelmistir. Bu glincel zeminde, yeni dijital
ortamlar kurgulamak, arastirilmasi gereken vyeni bir alan olarak karsimiza
¢lkmaktadir. Mimarligin zanaatla etkilesimde oldugu noktalarda, dijital ve fiziksel
ortamlar arasindaki bilgi turlerinin c¢evrimi ve aktarimina iliskin literatlr
calismalarinin, ilgili calismalarin siniflandiriimasi agisindan sinirli oldugu izlenmistir.
Bu makale kapsaminda, mimarliktaki yapim slreclerinde islenen bilgi turleri
arasindaki cevrimlerin dijital zanaat baglaminda kullanim olanaklarinin ortaya
konulmasi amaglanmaktadir. Bu makalenin 6zgiin katkisi olarak; dijital miras
calismalari, geleneksel zanaat yapim sireglerinin ¢ézimlenmesi ve hibrit yapim
ortamlari gelistirilmesi mimarligin zanaat ile temasta oldugu noktalar olarak
belirlenmis ve bu noktalar érnekler Gzerinden aciklanmistir. Makalenin sonug
bolimde ise mimarlikta yapim bilgisinin parametrik hale getirilmesi ve
dijitallestirilmesi konusundaki potansiyeller ve kisitlar tartisiimistir.

Anahtar Kelimeler: Bilgi Tirleri, Dijital Zanaat, Dijitallestirme, Ortik Bilgi,
Parametrelendirme

Teslim Tarihi: 27.06.2024
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1. GiRi$ (INTRODUCTION)

Suregelen donglsel ekonomi tartismalari, bilgisayar destekli tasarim ve
Uretim (BDT-BDU) teknolojilerinin ortaya cikardigi Gretici kiltard
(maker culture), tasarimcilarin zanaata olan ilgisini arttirmistir
(Adamson, 2007; McCullough, 1996; Sennett, 2008). Zanaat gelenegine
(craft ethos) 6zgli; mevcut ve yerelde bulunan kaynaklari kullanarak
tasarlama, yapma, doénustirme ve onarim sireclerinin kurgulanmasi
yenilikgi ve sdrdirilebilir  tasarim  sireglerinin - gerceklesmesini
saglamaktadir. Zanaattaki el ile tekrarli yapima ve deneye dayanan
emek-yogun slreclerin, etkin bir sekilde endustriye transfer
edilebilmesi icin yontem acigi oldugu Birlesik Krallik Zanaat Konseyi’'nin
(UK Craft Council) 2016 tarihli raporunda ortaya konulmustur
(Warburton, 2016). Turkiye’de de yaratici ekonominin desteklenmesi
amacliyla yereldeki glcli yonlerin ortaya cikarilarak katma deger
Uretilmesine yonelik calismalar gerceklestirilmeye baslamistir (INSPIRE,
2024). Bu dogrultuda, somut ve somut olmayan kultlr varliklarinin
belgelenmesi ve kayit altina alinmasi ¢alismalarinin yani sira (Schinagl
ve Schnider, 2020; Zabulis ve dig., 2022), zanaat bilgisinin yeni tasarim
sireglerinde kullanilmasina yonelik arastirmalar da
gerceklestiriimektedir (Chittenden, 2021; Muslimin, 2010). Bu
arastirmalar glnimuiz tasarim ve yapim sireclerinde Uretilen ve
kullanilan bilgi turlerinin donlistimine neden olmustur.

Mimarlikta uzun vyillar icerisinde kisiye ve yerele 6zgl olarak ortaya
ctkan yapim bilgisinin (know-how) korunmasi ve aktariimasi igin yeni
yontem arayislari bulunmaktadir (Gerger ve Unal, 2022; Karakul, 2011;
Kim ve dig., 2019). Ozellikle Gretken yapay zekanin egitilmesi icin gerekli
veri setlerinin olusturulmasi, zanaat gibi 6rtik bilginin (tacit knowledge)
Uretildigi ve usta-cirak iliskisiyle aktarildigl sezgisel tasarim ve yapim
sirecleri icin  c¢esitli  zorluklar  barindirmaktadir. Bu acilardan
baktigimizda, zanaat bilgisinin mimari tasarimda kullanilabilmesi icin bu
bilginin aciga cikarilarak ¢ézimlenmesi yani parametre ve kurallarla
tanimlanmasi gerekmektedir. Dijital zanaat olarak adlandirilan bu yeni
arastirma alaninda, hesaplamali tasarim yéntemleri insan faktortyle
birlestirilerek deneme-yanilma stireclerine dayanan hibrit bir tasarim ve
Uretim streci kurgulamak amaclanmaktadir (Niedderer, 2009; Woolley,
2011). McCullough’a goére dijital zanaat c¢alismalarinin dogrudan
malzeme ile iliskili olmasi beklenmez; dnemli olan belirli bir sonug Grind
hedeflemeden mevcut ortamin tim potansiyelini yaratici sekilde
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kullanarak tasarlamaktir (1996). Dolayisiyla, dijital ortam ve bu ortamda
kullanilan ve simile edilen her tirli veri, algoritma, arac ve teknik de
dijital zanaatkarin yapim strecinin parcalari olarak tanimlanir. Zanaat
bilgisinin dijitallestirilmesi, kitlesel olarak Uretilen agik kaynakli tasarim
ve yapim (making) bilgisinin, sanal loncalar (virtual guilds) olarak
adlandirilan Thingiverse, Instructables, Rhinoceros forumlari gibi dijital
platformlar araciligiyla dagitilmasini  ve dolayisiyla korunmasini
saglamaktadir (Bonanni ve Parkes, 2010).

Zaman icerisinde gelisen ve degisen tasarim ve yapim sirecleri icin yeni
dijital teknikler ve dolayisiyla ortamlar kurgulamak arastirilmasi gereken
yeni bir alan olarak karsimiza cikmaktadir. Mimarligin zanaatla
etkilesimde oldugu noktalarda, dijital ve fiziksel ortamlar arasindaki bilgi
thrlerinin c¢evrimi ve aktarimina iliskin literatlr calismalarinin, ilgili
calismalarin siniflandirilmasi acisindan sinirli oldugu izlenmistir. Bu
makale kapsaminda, mimarliktaki yapim slreclerinde islenen bilgi
thrleri arasindaki cevrimlerin dijital zanaat baglaminda kullanim
olanaklarinin ortaya konulmasi amaclanmaktadir. Bu kapsamda, dijital
miras ¢alismalarinda zanaat bilgisinin dijitallestirilmesi, dijital modeller
olusturmak icin geleneksel zanaat sireclerinin ¢dzimlenmesi ve insan
faktorinin fabrikasyon slreclerine entegre edilerek yapim sirecinin
hibritlestirilmesi basliklari altinda zanaat bilgisinin ¢cevrimleri ile ortaya
cikan calismalar incelenecektir. Bu makalenin sonuc bélimunde ise, bu
alandaki gelecek calismalari icin dijital zanaatta karsilasilan
potansiyeller ve kisitlar tartigilacaktir.

2. DIJITAL ZANAAT: ZANAATIN DONUSUMU (DIGITAL CRAFT: THE
TRANSFORMATION OF CRAFTS)

Geleneksel anlamda zanaat, sonug Urinin 6nceden taniml olmadigi
deneme-yanilmaya dayanan yapim sdreclerini icerir. Zanaatta Uretilen
bilgi nesilden nesile usta-cirak iliskisi ile ve lonca adi verilen zanaat
teskilatlanmasi araciligiyla aktarilir. McCullough (1996) ayni nesnenin,
belirli sayida mekanik operasyonun el ile tekrarl sekilde uygulanmasiyla
Uretildigi her tlrlU isin zanaat oldugunu belirtir. Pye (1968) kesinlige
dayanan makine isciligini, zanaat isciliginden ayirir ve sonug Grinin
onceden belirli olmamasindan dolayi zanaat Gretimini risk-isciligi olarak
tanimlar. Dolayisiyla, zanaat sUrecleri, gorerek 0Ogrenilen yapim
bilgisinin, belirli bir bicimi tekrar ve tekrar Gretmek icin kullaniimasini
icerir. Beceri gelisimiyle birlikte belirli bir tecriibe kazanildiktan sonra
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zanaatkar, dogaclama ile yeni yontem ve tasarim slrecleri
kurgulayabilmektedir.

Bilgisayar destekli tasarim ve Gretim araclarinin ortaya cikislyla zanaatin
tanimi da degisime ugramistir. Bu tanima gore, zanaat Uretiminden
bahsedebilmemiz icin malzeme ile dogrudan temasta bulunmak
zorunlu degildir. Dijital Gretimde zanaat, insanlarin standart teknolojik
araclari  6ngorilemeyen sireglere, vyaratici  sekilde uygulamasi
durumunu ifade eder (McCullough, 1996). Bu acidan bakildiginda, dijital
zanaatkar, fiziksel ortama gore farkh dinamikleri olan dijital ortamda da
araylzler araciliglyla mevcut slreclerin taklidi, yorumlanmasi veya
donistirtlmesi yoluyla yeni araclar ve sirecler gelistirebilir veya
mevcut tasarim ve yapim sireclerinden tamamen bagimsiz yenilikgi
Urinler de ortaya cikarabilir. Dolayisiyla, dijital zanaat farkli bilgi
tUrlerindeki cevrimleri ve aktarimlari iceren hem fiziksel hem dijital
ortamda kurgulanabilecek mevcut ortami yaratici sekilde kullanarak
gerceklestirilen deneysel tasarim ve Uretim slreclerini kapsamaktadir.

Tasarim ve yapim sireglerinde Uretilen, donUstUrilen veya aktarilan Gg
farkl bilgi tirt vardir. Bunlar, agik (explicit), ima edilen (implicit) ve
ortlk (tacit) bilgi olarak tanimlanir (Gribbin ve dig., 2016). Bunlarin yani
sira, tasarim nesnelerinde veya mimari yapilarda donmus halde
bulunan gémdilu bilgi, o nesneye veya yaplya ait tasarim ve yapim
sireciyle ilgili verileri icermektedir (Thoring ve Mueller, 2012). Acik
bilgi, genellikle dil araciligiyla aktarilan ve sistematik sekilde
tanimlanabilen bilgiyi ifade eder (Eraut, 2004). Tanimlar ve formdller
gibi sdzel veya sayisal kesinlik iceren bu bilgi tarindn kullaniimasi ve
aktarilmasi diger bilgi tirlerine goére oldukca hizlidir. ima edilen bilgi ise,
acitk  bilginin  icsellestirilerek  beceriye  doénismesiyle birlikte
problemlerin yenilikci ¢cézimiinde kullanimi ile ortaya ¢cikmaktadir. Ote
yandan ortik bilgi, bedenin kendisine kaydedilmis oldugu icin sozel
olarak degil, eylemler araciligiyla aktarilabilen bilgi tiridar. Polanyi
bedensel deneyim yoluyla kazanilan bu bilginin, baslangicta acik bir
sekilde ifadesinin giic oldugundan ve ancak tarifler (recipe) yoluyla ifade
edilebileceginden bahseder. Ortiik bilgi tek basina elde edilebilirken,
aclk bilgi ise 6rtik olanin anlasiimasi ve tanimlanmasi yoluyla elde edilir
(1966). Sennett'e gore, zanaatkarin ustalasmasi ile yapim esnasinda
ortik ve acik bilgi birbiriyle strekli etkilesim halinde kalarak yapim
sirecinin analiz edilmesini ve slrecte ortaya clkan hatalarin
dizeltilmesini saglar (2008). Dolayisiyla, zanaat 6zelinde ortik bilgi,
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usta-cirak iliskisi araciligiyla, gdzlemleyerek 6grenilen ve taklit edilerek
gelistirilen  sezgisel bilgidir. Sezgisel olan bilginin tamamen
icsellestirilerek farkli tasarim ve yapim sireclerine aktarimi ima edilen
bilgiyi olusturur. Bu alandaki acik bilgi ise, parametre ve kurallara
dayanan hesaplamali tasarim ve Uretim sireclerinde, veri tabanlarinin
olusturulmasinda kullanilabilecek zanaat sdreclerinin sistematize
edilmis ve acik sekilde kodlanmis bir halini veya ¢cevrimini ifade eder.

McCullough’a (1996) gbre zanaatta el iki yonli olarak calisir; bunlardan
ilki, elin teshis edici (probe), ikincisi ise belirli mekanik operasyonlari
tekrarli sekilde uygulayan etki edici (effector) olarak islev gbérmesidir.
Usta bir zanaatkar, eli ile dogrudan veya arag kullanarak belirli islemleri
malzemeye uygular. Bu sayede tasarim, malzeme ve bicim arasinda bir
uzlasiya varmaya calisir. TUm bu slre¢ boyunca eller ayni zamanda
Uriindeki kusurlari analiz ederek diizeltmeler yapar. Uriindeki kusurlarin
tespiti belirli bir uzmanlik gerektirir ve bu durum Grinidn kalitesiyle
dogrudan iliskilidir.

Zanaatta kullanilan araclar da el gibi iki yonlu calisir. Kil ile yapimdan
ornek verecek olursak; oyma, sekillendirme, kesme, kazima, yontma,
fircalama, duzlestirme icin kullanilan bircok farkh arag vardir. Bunlarin
yani sira, kumpaslar, acili 6lcim cetvelleri, profil taragl gibi 6lgme
araclarindan da faydalanilir. Dijital zanaatta ise, uygulayici ve teshis
edici olarak calisan elin yerini cesitli araclar almistir. Uygulayici olarak
calisan robot kol ile, farkl ug efektorleri kullanarak eklemeli, eksiltmels,
bicimlendirici fabrikasyon uygulamalari yapilabilirken bunlara ek olarak
kavrayip yerlestirme (pick-and-place) islemi de gerceklestirilebilir.
Teshis edici olarak ise ¢ boyutlu (3B) tarama teknolojileri ve sensorler
kullanilmaktadir. Bu sayede, fiziksel olarak iretilen bir nesne, dijitale
aktarilabilmekte ve Uretime dair sapmalar ve tolerans degerleri
dlcilebilmektedir. Ote yandan, gelistirilen cesitli yaziim ve algoritmalar
da mevcut araclarin kullanim olanaklarinin genisletilmesine ve kimi
zaman beklenmedik ve beliren (emergence) sonuclar elde edilmesine
araci olduklari icin dijital zanaat GrinU olarak kabul edilmektedir.
Yapma-analiz etme-yeniden yapma seklindeki doéngisel yapim
sireclerini iceren dijital zanaatta, seri Gretimden farkli olarak ortaya
¢clkan insan kaynakl kusurlar veya hatalar, yaratici ve vyenilikgi
yaklasimlarin gelistirilmesine yol acabilmektedir.
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Yapim sureclerindeki bu degisim, bilgisayar destekli tasarim ve lretim
araclarini kullanarak kisisellestirilebilir Grlnler gelistiren Uretici (maker)
adi verilen aktoérin ortaya cikmasina neden olmustur. Sanal loncalar
olarak tanimlanan dijital platformlar araciligiyla, teorik ve uygulamal
her tirll bilgi, Greticiler arasinda acik kaynakli olarak paylasilabilmekte,
gerekli durumlarda uzman gorisi almak amaciyla kullanilabilmektedir
(Sabiescu ve dig., 2015). Ortaya cikarilan Grindn kalite kontrolU ise, bu
dagitilmis ve merkezi olmayan ¢evrimici platformlar araciligiyla kurulan
kolektif bir akil ile saglanir (Bonanni ve Parkes, 2010). Ortaya ¢ikan
kolektif bilgi birikimleri ve deneyimler bu platformlarda; metin,
fotograf, video, algoritma, eklenti, 3B model veya veri seti halinde
saklanmakta; bu dijital Grlnlerin calisan ve calismayan yonleri deneme
yanilma yoluyla belirlenmektedir.

Sanal loncalarin ve isbirlik¢i tasarim platformlarinin yayginlasmasiyla
birlikte, sezgisel yapim sureclerinin agik bir sekilde ifade edilmesi, drtik
bilginin paylasiimasinin yeni bir yolu olarak 6nem kazanmistir.
Mimarlar, acik kaynakl betikler ve yazilimlar sayesinde, el sanatlarinda
araclarin kullaniimasina benzer sekilde dijital araglar gelistirerek bu
araglari farkli problemlere uyarlayabilmektedir (Loh ve dig., 2016). Bu
calismalara dayanarak, parametrik modeller, simulasyonlar ve dijital
ikizler gibi Urlnlerin, mimarlarin zihninin bir uzantisi olarak islev gérerek
beceri gelisimlerine katki saglamasi s6z konusudur. Bu durumun,
yaraticl tasarim ve Uretim slreclerini hizlandiracagi aciktir.

Ureticiler arasindaki iletisimin anlasilir ve akici bir sekilde saglanabilmesi
icin nesnenin dlcllebilir olmasi ve bu sayede dijital ortamda simule
edilebilmesi icin yapim slrecinin belirli kurallarla yUritdlmesi
gerekmektedir. El veya aletlerle gerceklestirilen performansin
parametrelendirilmesi veya parametrik hale getirilmesi
(parameterization) olarak tarif edilen bu slreg, el sanatlarinin
dijitallestiriimesi (digitalization) icin gerekli ilk asamay! temsil eder
(Oral, 2023). Parametrik hale getirme yontemleri, sirasiyla sifirdan bir
model gelistirmeyi veya mevcut bir geometriyi degistirmeyi iceren
yapicl ve maniplle edici yontemler olarak kategorize edilebilir
(Agromayor ve dig., 2021). Parametrik hale getirme, ciktinin kendisini
dogrudan modellemek yerine, ¢iktinin olusumunu etkileyen kosullari,
yani dijital zanaat kapsaminda yapim sUrecinin kendisini, degiskenlere
ve fonksiyonlara donustirmek olarak tanimlanabilir (Oral, 2023).
Muhendislikte  parametrik hale getirme calismalar, formun
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sayisallastiriimasina odaklandigindan, sezgisel karar vermeyi iceren
manuel yapim sdrecleri icin daha kapsayici ydntemlere ihtiyag
duyulmaktadir. Bu nedenle, farkli bilgi tirlerinin nasil ¢cozimleneceg;,
parametrik hale getirilecegi ve sonrasinda dijital ortama aktarimiile ilgili
sireclerin tanimlanmasi gerekmektedir.

3. MiMARLIKTA ZANAAT BiLGiSi (CRAFT KNOWLEDGE IN ARCHITECTURE)

Zanaatin mimarlikla olan iliskisi, yapinin 6lcegi geregi diger tasarim
alanlarindan farkli sekilde kurulmustur. Ornegin, seramik objeler,
tamamen el ile sekillendirilebildigi halde mimari 6lcekte bu durum séz
konusu degildir. Dolayisiyla, mimari 6lcekte yapi Uretimi bireysel
slreclerden cok, isbirlikci strecler ile gerceklestirilir. Geleneksel yapi
ustalarinin gérerek 6grendigi ve yaparak gelistirdigi 6rtik bilgi Gzerine
kurulu olan ve ginimizde yerel veya geleneksel mimarlik olarak
tanimlanan ekosistemde, yereldeki yapim bilgisinin ve malzeme
repertuarinin kullaniimasi s6z konusudur. Yerinde yapim (in-situ) olarak
tanimlanan bu deneysel slrecte malzeme, belirli araclar ile
sekillendirilerek yapi elemanlari olusturulur ve bunlarin bir araya
getirilmesiyle de yapinin kendisi insa edilir. lyi bir yapi ustasi, hesaplama
yapmadan malzemeyi el ile analiz eder ve sadece ortik bilgiyi kullanarak
standart olmayan striktirler insa edebilir (Carpo ve Kohler, 2017). Bu
sebeple geleneksel mimarlikta santiyenin kendisi, zanaatkarin
atolyesinde oldugu gibi malzeme ile birebir iliski kurulan bir deney
sahas! olarak calismaktadir. Seri Uretim sonrasi donemde santiyenin
yapisi da degisime ugramis; 6n Gretimli elemanlarin montajina dayanan
ve kalitenin 6nceden belirlendigi bir strece evrilmistir. Bilgisayar
destekli tasarim ve dretim araclarinin ve Uretici  kGltGrinin
yayginlasmasl ile deneme yanilmaya dayanan yerinde yapim surecleri
tekrar 6n plana cikmistir.

Parametrelendirme
[Analiz etme
Gomiilii Bilgi Céziumleme]

Mimari Eser

Zanaat Eseri [Veritabani]

Parametrelendirr_pe _ Dijitallestirme
.. [REf=yEel vapim SOned] [Dijital Model]
Ortiik Bilgi Cozimleme]

Geleneksel Zanaat
Siregleri

Parametrelendirme
[Deneysel yapim sireci
Agcik Bilgi Cozimleme]

Dijital Fabrikasyon Hibritlestirme

Sirecleri

Dijitallestirme

[insan Faktérii]

Sekil 1: Dijital zanaatta bilgi
cevrim ve aktarim sirecleri
(Yazar).

Yapay zeka veri seti
Sanal loncalar

Cozim uzayi kesfi
Simulasyon-segcilim

Yaratici yapim siregleri
Yeni arac ve teknik
gelistirme
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Mimarlikta dijital zanaat calismalarinin gerceklestiriimesi esnasinda
ortaya cikan bilgi cevrimlerine baktigimizda ¢ozimleme, parametrik
hale getirme ve dijitallestirme slrecleriyle karsilasmaktayiz. Bu makale
kapsaminda, bu sireclerdeki bilgi cevrimleri ve cevrilen bilginin farkh
kullanimlara hizmet edecek sekilde genisletildigi alanlar arastiriimistir.
Gerceklestiren literatlr taramasi sonucu, mimarlikta dijital zanaat
calismalarindaki bilgi tirleri arasindaki cevrim ve aktarim slrecleri gbz
onlne alindiginda bu calismalarin (g kategori altinda gerceklestirildigi
tespit edilmistir (Sekil 1). Bunlardan ilki, dijital miras c¢alismalari
kapsaminda zanaat bilgisinin aciga cikariimasi ve kaydedilmesidir. ikinci
kategoride ise, geleneksel zanaat slreclerinin ¢cozimlenmesi ve dijital
modellere donlsturilmesi ile ilgili calismalar ele alinmistir. Son olarak,
bir tasarimin insan faktérinin oldugu deneysel bir sirecle, fabrikasyon
araclarini kullanarak hibrit bir ortamda Uretilmesini iceren calismalar
incelenmistir. Zanaat bilgisinin c¢evrimleri ile kullanim olanaklarinin
genisletilmesi sonucu, mimarlkta bircok farkli akademik calisma
gerceklestirilmektedir.

3.1 Dijital Miras Calismalari Kapsaminda Dijital Zanaat (Digital
Craft in Digital Heritage Studies)

Dijital miras calismalarinda bilgi turleri arasindaki cevrimler, baska bir
caga, mimara, ustaliga ve yapim tlrdne ait mimari eserlerin
belgelenmesi, eksik parcalarinin tamamlanmasi, striktirel veya yapisal
acidan glclendirilmesi gibi amaclarla gerceklestirilir. Bu ¢evrim sireci;
ustanin, malzemenin, kullanilan araclarin ve tekniklerin veya yapinin
kendisinde depolanmis gémiili bilginin aciga cikarilmasidir. Ozellikle
arkeoloji calismalarinda da kullanilan bu bilgi tirG ile buluntu nesnelerin
ne sekilde Uretildigi ve buna bagli olarak hangi doneme ait oldugu tespit
edilebilmektedir. Mimarlikta ise tarihi yapilar Gzerinden bicimsel bir
analiz gercgeklestirilerek parametrelere ve kurallara bagl bir bicim
kGtlphanesi olusturulabilir. Bu sekilde, yapinin veya yapi bilesenlerinin
kendisinde bulunan donmus bilgi aciga cikarilarak cesitli bigimsel,
boyutsal ve teknige ait parametreleri iceren bir veri tabani
olusturulabilir. Yapay zekanin egitilmesi icin kullanilabilen bu veri
tabanindan farkli cografyalardaki zanaatkarlara ve miuzelerde ise
ziyaretcilere bilgi aktariimasinda da faydalanilabilir (Sekil 1).

Gaudi’nin Sagrada Familia yapisinda bulunan gil pencerenin, énceden
Uretilmis fiziksel modellerinden yola c¢ikarak gelistirilen parametrik
tasarim yazilimi ile Uretilmesi bu alandaki calismalarin ilk 6rneklerinden
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biri olarak kabul edilir (Burry ve dig., 2001) (Sekil 2a). Farkli bir déneme
ve mimara ait bu yapinin tamamlanmamis bolimleriyle ilgili insa streci
mimarlar ve tas ustalari arasindaki is birligi ile gerceklestirilmektedir.
Stereotomi adi verilen, dogal tasin aletler yardimiyla uygulanan ardisik
eksiltme operasyonlariyla sekillendiriimesine dayanan bu alanda farkli
dijital zanaat c¢alismalari gerceklestirilmistir. Abeille ve Truchet
ortntdlerinin kullanildigl tonozlarin dijital aracglarla yeniden Uretildigi
dijital stereotomi calismalari, tas isciliginin yeniden canlandirilmasi ve

dijital araclarla Uretilmesine o6rnek olarak verilebilir (Fallacara, 2006;
Fallacara ve dig., 2019) (Sekil 2b).

Sekil 2: Sagrada Familia gl
pencere detayi (a) (Burry ve
dig., 2001), Joseph Abeilles’in
kesme tastan besik tonozunun
donidsima (b) (Fallacara,
2006).

Literatirde, geleneksel yapilarda bulunan yapi bilesenlerinin analizine
ve Uretilmesine dayanan bircok calisma bulunmaktadir. Selguklu
doénemine ait mezarda bulunan on iki yGzIlG sttun bashgindaki mozaik
bezemenin geometrik analizi (Ozgan ve Ozkar, 2017), mukarnasin
geometrik analizi ve parametrik tasarim araclariyla yeniden Uretimi
(Alacam ve dig., 2017) ile Anadolu’daki tarihi bir tas oymanin
dijitallestiriimesi ve fabrikasyon araclariyla Uretilmesi (Hamzaoglu ve
Ozkar, 2023) bu calismalara érnek olarak verilebilir. Ote yandan, tarihi
veya yapill ¢cevrenin dijitallestiriimesi; Uretilen dijital modellin farkli
dijital platformlarda (arttirilmis ve sanal gerceklik uygulamalarinda) ve
dijital oyunlarda kullanilmasini da saglamaktadir (Porreca ve dig., 2020;
Sancak ve dig., 2023). Bahsi gecen calismalarin ortak 6zelligi, baska bir
caga ait yapisal bilesenlerin incelenerek geometrik ve matematiksel
olarak c6zimlenmesiile parametrik hale getirilmesi ve dijitallestirilmesi
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sireclerini icermeleridir. Bu slreci takiben bicimsel cesitliligin
arttirilmasi, mevcut dretim bicimine bagli ¢6zUm uzayinin arastirilmasi,
istenen striktlrel veya cevresel performansa uygun elemanin
secilmesi, gelistirilen dijital platformlarin oyunlastirma ve egitim
sdrecleriicin kullanilmasi mimkun hale gelmektedir.

3.2 Geleneksel Zanaat Siireglerinin Céziimlenmesi Kapsaminda
Dijital Zanaat (Digital Craft for Analyzing Traditional Craft Processes)

Zanaat sidreclerinin dijital ortama ¢evriminde kullanilan diger bilgi tird,
yapl ustasinin yapim esnasinda malzeme ve araclarla kurdugu bedensel
iliski ile tanimlanan ortik bilgidir. Bu bilgi usta-cirak iliskisiyle aktarilan
dolayisiyla, belirli bir ortamdaki s6zli veya s6zslz iletisim 6gelerini
icerir. Farkli malzemelerin islenmesi, farkli araclarin ve tekniklerin
kullanimini gerektirdiginden ortamin belirleyici oldugu bir olanakllik
(affordance) s6z konusudur. Ornegin, stereotomide yontma araclart ile
ardisik eksiltme operasyonlarinin uygulanmasi sonucu istenilen bicime
ulasihr. Kil ise kati formda el, torna veya kil bicimlendirme araclariyla
sekillendirilebilirken slip adi verilen sivi formunda kaliba dokulerek
istenilen bicime getirilmektedir. Bu bilgi tarintn dijitallestirilebilmesi
icin mevcut vyapi elemaninin ne sekilde Uretildiginin  belirli
parametrelere ve kurallara dayali olarak ¢ozimlenmesi gereklidir.

Bicim ve yapim grameri olusturma gibi kurala dayali yontemlerle,
mevcut tasarim siregleri cozimlenebilmekte (Colakoglu, 2005; Stiny ve
Mitchell, 1978) ve mevcut tasarimlardan tiretilen bir kural seti
aracihigiyla yeni stiller olusturulabilmektedir (Duarte, 2005; Stiny, 1980).
Yapim grameri ¢calismalari, tasarimlarin bir dizi komut araciliglyla hayata
gecirilmesine odaklanmistir (Stiny, 2015). Bu baglamda, malzemeyi
acikca isleyerek ortaya cikan bicimleri kesfetmeye (Giirsoy ve Ozkar,
2015; Knight ve dig., 2008; MacLachlan ve Jowers, 2016), malzeme ve
baglanti detayina iliskin yapi bilesenlerinin montaj strecini sistematize
etmeye dayanan (Knight ve dig., 2008; Sass, 2006, 2008) cesitli
uygulamali yapim strecleri gerceklestirilmistir.
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Zanaatkarlarla roportajlar gerceklestirilerek ve yapim slrecleri video
veya fotograf yoluyla belgelenerek bu ortik bilgi kaydedilebilir (Kendir
B., 2015). Ayni zamanda, MoCap gibi beden hareketlerini dijitallestiren
araclar kullanilarak zanaatkarin el ve vicut hareketleri kayit alina
alinirken fotogrametri ile mevcut yapisal bilesenler dijital ortama
aktarilabilir (Zabulis ve dig., 2022) (Sekil 3). Ornegin, kil ve ekstriizyon
aracl ile Uretilen zanaat Grlnuntn, 360° etrafinda doénulerek cekilmis
fotograflarinin fotogrametri yaziliminda birlestiriimesiyle dijital bir
temsili veya ikizi olusturulabilir (Oral, 2023) (Sekil 4).

Farkli sekillerde toplanip kaydedilen bu yapim bilgisi, ciraklarin
yetistirilmesi icin gelistirilen arttirilmis ve sanal gercgeklik ortamlarinda
kullanilabilirken, ayni zamanda, robot kollarin programlanmasinda
faydalanilan alt yapiyi saglayabilmektedir. Robotik fabrikasyonda yeni
uc efektorlerin gelistiriimesi ve bu yeni aracglara dayanan yeni bicim ve
yapim slreclerinin kurgulanmasina dair bircok calisma bulunmaktadir.
Bunlar; geleneksel tugla duvar insa sirecinin parametrik hale getirilerek
standart olmayan ylzeylerin 6rilmesi (Gramazio ve dig., 2014) ve 3B kil
baski teknikleriyle standart olmayan dolgulara sahip tuglalar
gelistirilmesi  (Sangiorgio ve dig., 2022) gibi calismalardir. Bu

Sekil 3: MoCap ile beden

hareketlerinin dijitallestirilmesi

(Zabulis ve dig., 2022)

Sekil 4: Fiziksel Grintn 360°
fotograflariyla olusturulmus
dijital temsili (Yazar)
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cahsmalarin ortak 6zelligi, mimar olarak geleneksel yapim slreclerine
blyltec¢ tutmak ve bu deneysel ortamin potansiyellerini kesfedecek
sekilde yapim sirecinin icerisinde kimi zaman tas ustalari gibi farkli
aktorlerle birlikte dogrudan yer alabilmektir.

3.3 Hibrit Yapim Siiregleri Kurgulanmasi Kapsaminda Dijital
Zanaat (Digital Craft in Hybrid Making Processes)

Seri Uretimin ortaya ¢ikisina kadar tam bir deney sahasi olarak gorev
yapan santiyenin ve dolayisiyla malzeme ile dogrudan iliski kurarak
yenilikci yapilar insa eden ustalarin yapim strecleri icerisine tekrar dahil
edilmesi yonindeki calismalar, kismen otomatize edilmis bina yapim
siireclerinin yeniden ele alinmasina neden olmustur. Ote yandan,
bilgisayar destekli tasarim ve Uretim araclarinin yayginlasmasiyla
birlikte dosyadan fabrikaya (file-to-factory) olarak isimlendirilen yapim
sirecleri sorgulanmaya baslanmistir. Dijital fabrikasyon araclarinin
pahali, tek fonksiyonlu, tasarimcinin dogrudan miidahalesine kapali ve
dolayisiyla 6zellestirilmelerinin gi¢ olmasi (Oxman, 2007; Peek ve
Moyer, 2017) ve dijital fabrikasyon araclarinin kullaniminin belirli bir
dijital okuryazarlik gerektirmesi (Katterfeldt, 2014) gibi sebeplerle dijital
fabrikasyon araclari ve insanin birlikteliginden olusan bir hibrit zemin
araylisl ortaya cikmistir. Bu baglamda hem santiye hem de fabrikasyon
laboratuvarlari, yeni bicimlerin ve sireclerin deneme-yanilma yoluyla
kesfedildigi bir deney sahasi olarak kullanilmaya baslanmistir. Buna ek
olarak, tasarimcinin yapim sireclerinin dogrudan icerisinde yer alarak
yaparak 6grenmesi (learning-by-doing) de bu alanin gelismesinde
onemli rol oynamistir. Bu sayede, yeni bilgilerin aktarimi ve ¢evrimi
saglanmis ve bu bilgiler farkli ortamlarda test edilebilmistir.

Bu bilgi cevrim sirecinde, fiziksel yapim streclerini destekleyen dijital
araclarin kullanimiyla uzman olmayan dreticiler dahi yeni araclar
gelistirebilmektedir (Jorgensen, 2019; McCullough, 1996; Pye, 1968).
Esnek ve yeniden yapilandirilabilir olarak tanimlanan araclar, yapim
sdreclerini hibrit hale getirmek amaciyla mevcut Gretim slreclerinin
yorumlanmasi yoluyla gelistiriimektedirler. Bu alandaki ¢alismalar, tek
bir hareketli kalp sistemiyle farkli bicimlerin Uretilmesi (Bechthold,
2016; Khabazi ve Budig, 2016), kil ekstrlizyon araci gibi manuel zanaat
araclarinin hareketli parcalarla 6zellestirilmesi (Oral, 2023) veya robotik
kollar araciligiyla esnek kumas kaliplarin dokim imalatinda kullaniimak
Uzere numerik kontrollerinin saglanmasi (Culver ve dig., 2016)
konularina odaklanmaktadirlar (Sekil 5).
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Bu alandaki diger calismalar, yeni araclarin ve tekniklerin potansiyelini
kesfederek standart olmayan bicimlerin Uretilmesinin yani sira, insana
ve yapima 0zgl hata oranlarinin belirlenerek dijital modellere
geribildirim saglamaya yoneliktir. Bunlar, insanin yapim esnasindaki
hata degerlerinin tasarim slirecine entegre edildigi 3B kalem ile Uretilen
enstalasyon (Clement ve dig., 2018) ile politretan kopik kullanilarak
insa edilen struktlr (Lopez ve dig., 2016) calismalaridir. Deneysel yapim
sirecinde ortaya cikan beklenmedik durumlar hedeflenen bicimden
sapllmasina neden olarak yaratici strecleri tetiklerken 6te yandan, bu
sapma oranlarinin tespiti, dijital veya parametrik modele geribildirim
saglayabilmektedir.

4. SONUG (CONCLUSION)

Bu makale kapsaminda, mimarlikta ve tasarimin diger alanlarinda
zanaat slreglerinin ¢dzimlenmesi, parametrik hale getiriimesi ve
dijitallestiriimesi calismalarinda kullaniimak CGzere, bu silreclerde
Uretilen bilgi tlrleri ve bunlar arasindaki cevrimlere dayanarak
literatUrdeki calismalar analiz edilmistir. Bu dogrultuda, yapilardaki ve
yapisal bilesenlerdeki gdmula bilgi, yapim esnasinda ortaya ¢ikan ortik
bilgi ve dijital fabrikasyon slreclerinde parametrelere ve kurallara
dayanan acik bilgi, dijital zanaat c¢alismalarinda c¢evrimler yoluyla
kullanilan bilgi tdrleri olarak karsimiza cikmaktadir. Bu bilgi turleri
arasindaki cevrimler dongiisel, dogrusal ve hibrit sekilde gercekleserek

Sekil 5: Robotik dokim
kurulumu (Culver ve dig., 2016)
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zanaata ait bilginin farkl tasarim ve yapim alanlarina aktariimalari
yoluyla kullanim olanaklarinin genislemesine katki saglamaktadir. Bu
nedenle, mevcut eserlerin yapim ydéntemlerinin analizi ve
¢o6zimlenmesi hem yeni slreclerin gelistiriimesini hem de mevcut
yontemlerin kaydedilmesini ve saklanmasini saglamaktadir. Dijital
zanaat calismalari, farkli bilgi turlerindeki cevrimleri ve aktarimlari
iceren ve farkli tasarim ortamlarini (dijital, fiziksel veya hibrit) yaratici
sekilde kullanarak gerceklestirilen deneysel tasarim ve Uretim
sureclerini kapsamaktadir.

Dijital zanaatkar olarak mimar, bilgisayar destekli tasarim ve Uretim
araclari sayesinde belirli bir uzmanliga sahip zanaatkarin yillar icerisinde
gelistirdigi yapim bilgisini simile etme, yorumlama ve uygulama
imkanina kavusmustur. Bu sayede, malzeme ve araglarla dogrudan
etkilesim icerisine giren mimar, el ile detaylandiriimasi ustalik ve
maliyet gerektiren Uretimleri dahi gerceklestirebilmektedir. Bu acidan
baktigimizda mimarin giincel rolinln, bazen bir tuglanin tasarimindan
baslayabilen, alternatif cozimlerin dijital veya fiziksel ortamda deneme
yanilma yoluyla kesfedildigi streclerin icerisinde bulunmak oldugunu
soyleyebiliriz. Ancak, fabrikasyon araclariyla dretilen Grlnlerin son
rotuslarinin hala el ile yapilmasi, mimarlarin zanaatkarlarla olan ortak
calismalara ihtiyag duydugunun da 6nemli bir gdstergesidir. Bu tur is
birlik¢i calismalarda ise, tasarim ve Uretim slreclerine ait bilgi tlrleri
arasindaki cevrimlerin ve aktarimlarin iyi bir sekilde analiz edilmesi,
farkll aktorler arasinda dogru iletisim kanallarinin  kurulmasini
saglamaktadir.

Dijital zanaat alanindaki ¢alismalarin artisina ragmen mimarlikta zanaat
bilgisinin dijitallestiriimesine yonelik bircok endisenin varligl soz
konusudur. Genel olarak bu endiseler; zanaat bilgisinin toplanmasi,
kaydedilmesi ve acik kaynakl hale getirilmesi ile ilgilidir. Yerel veya
kisisel yapim slreclerine dair bilginin toplanmasi ve kaydedilmesi
zanaatkara veya ustaya 6zgl yapim bilgisinin kopyalanmasinin 6nin
acmaktadir. Bu durum, telif haklariyla ilgili birtakim sorunlara sebep
olabilmektedir. Zanaatta Uretilen bilginin ortama ve kisiye bagl olmasi,
mihendislikteki  parametrik  hale getirme ve dijitallestirme
cahsmalarindan farkli olarak genellenebilir bir sayisal modelin
olusturulmasini zorlastirmaktadir. Deneysel slreclerin kurgulanmasina
ve uygulanmasina harcanan zaman, maliyet ve emek gbéz 6nine
alindiginda dijital zanaat galismalari, hizli ¢6zim gerektiren problem
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alanlari icin tercih edilmeyebilmektedir. Bu nedenle harcanan ¢aba ve
maliyet 6lciminde dengeyi yakalamak dijital zanaatkarin tecribesiyle
dogru orantilidir.

Tum bu endiselere ragmen, halihazirda ‘MadeEu’, ‘INSPIRE’,
‘Digitalization and innovation in skilled crafts and trades’ gibi projeler
kapsaminda geleneksel zanaat calismalarinin kayit altina alinmasi, dijital
zanaat projelerinin gelistirilmesi ve zanaatkarlarin yetistirilmesi igin
Turkiye’de ve dinyada bircok farkli proje yurttilmektedir (INSPIRE,
2024; Made@Eu, n.d.; Projects - IAGF, n.d.). Bu projeler, dijital zanaat
yontemlerinin tasarimin tim alanlarinda uygulanabilmesi icin blyuk
potansiyel tasimaktadir. Dijitallesme ve bunun sebep oldugu bilgi
cevrimlerinin, gelecek sektérel ve akademik calismalar agisindan da
farkli paradigma kaymalarina sebep olabilecegi 6ngdrilebilir. Bu agidan
bakildiginda, mimarlikta zanaat bilgisinin dijitallestirilmesi; Mimarlik,
Mihendislik ve insaat (AEC) endistrisinin asamali ve anlik bir bicimde
gelistirilmesinde  6ncidl  bir  yaklasim olarak  degerlendiriime
potansiyeline sahiptir. Mimarlk alaninda da bu tir calismalarin
gelistirilmesi icin gerekli adimlarin atilmasi; yerel ve slrdardlebilir
mimari yaklasimlarin gelistirilmesi ve tekrar yayginlastirilmasi agisindan
blyik 6nem tasimaktadir.
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Since the 1950s, various studies on fabric-formwork systems have been
developed. However, since the 2000s, with the rise of computational methods,
the relationship between fabric-formwork and craft has been explored from
specific perspectives, leaving gaps in the field concerning the reusability of
molds and the production of form variations. This study aims to explore the
potential of integrating traditional and digital methods by examining the
relationship between foldable fabric-formwork systems and concrete within
the framework of digital craftsmanship in a form-specific manner. The
methodology of this study comprises three stages, which are: i) the selection
of folding pattern, ii) the production of foldable formwork through digital
craftsmanship, and iii) the casting of concrete into fabric molds. These stages
involve a feedback loop between the computational and analog modelling
approaches. To investigate the potential of different form alternatives, a series
of physical experiments were conducted. The experiments conducted revealed
that the resulting forms were significantly influenced by the material mixture,
the type and properties of the fabric, and the mold structure. Consequently,
to ascertain the veracity of the physical products generated, simulations were
initially conducted in a computational-design environment following the
pouring concrete. Thereafter, the physical products were 3D-scanned with a
comparison subsequently made. The findings indicate that the utilization of
dynamic molds holds significant potential for future applications in various
fields including engineering, architecture, and art.

Keywords: Digital Craftsmanship, Fabric-Formwork, Fabrigami, Folding.
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1950'lerden bu yana kumas kalip sistemleri Uzerine c¢esitli c¢alismalar
gelistirilmistir.  Ancak, 2000'lerden itibaren hesaplamali ydntemlerin
yukselisiyle birlikte, kumas kalip sistemleri ve zanaat arasindaki iliski belirli
perspektiflerden incelenmeye baslanmis ve kaliplarin yeniden kullanilabilirligi
ile form varyasyonlarinin tretimi konusunda alanda bosluklar birakilmistir. Bu
calisma, katlanabilir kumas kalip sistemleri ve beton arasindaki iliskiyi, dijital
zanaatkarlik ¢ercevesinde, forma 6zgl bir sekilde inceleyerek, geleneksel ve
dijital yontemleri birlestirmenin potansiyelini kesfetmeyi amaglamaktadir. Bu
calisma U¢ asamadan olusur: i) katlama deseninin secilmesi, ii) dijital
zanaatkarlik araciligiyla katlanabilir kalip Gretimi, iii) betonun kumas kaliplara
dokilmesi. Farkh form alternatiflerini gérebilmek icin gesitli fiziksel deneyler
yapiimistir. Bu deneylerin isig1 altinda, ortaya ¢ikan formlar Gzerinde malzeme
karisimi, kumas cinsi ve o6zelligi, ve kahp striktlrinin etkili oldugu
gorulmistir. Sonug olarak, elde edilen fiziksel Grlnlerin dijital ortamla
dogrulugunu test etmek icin ilk 6nce hesaplamali tasarim ortaminda beton
dokuldikten sonraki similasyonu yapilmistir. Daha sonra 3B sayisal-tarama
yontemleri kullanilarak fiziksel Grinler taratilmis ve bir karsilastirma
yapiimistir. Elde edilen bulgular, gelecekte dinamik kalplarin kullaniminin
mihendislik, mimarlik ve sanat gibi bircok alanda kullanilabilecek vyeni
potansiyeller tasidigini gdstermektedir.
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1. INTRODUCTION

The use of flexible fabric formwork, which has significantly influenced
the existence and production methods of concrete in architecture,
dates back to the mid-20th century. This method emerged during
World War Il, particularly at a time when construction materials were
scarce, offering several advantages such as resisting the hydrostatic
pressure exerted by concrete, filtering excess water, and increasing the
strength of the concrete (Orr et al., 2011). In 1941, the Irish engineer
James Waller developed one of the first notable applications of this
technique—the Ctesiphon roof system. This system utilized a
combination of jute fabric and concrete to create wide-span and thin
structures. In the 1950s, Felix Candela further advanced this method,
leading to significant projects in Mexico. During the 1970s and 1980s,
Spanish architect Miquel Fisac explored the potential of concrete using
flexible formwork, producing highly detailed surfaces and complex
geometric forms. He used these formworks to produce cladding panels
with varied textures and forms by controlling their deformation during
casting (Pedreschi, 2013).

At the beginning of the 2000s, interest in this technique increased
further with the establishment of the research center CAST by Mark
West, focusing on how flexible formwork can be used innovatively and
efficiently in architectural design. Since then, technological
advancements have led to the development of entirely new methods
that integrate digital design and craftsmanship. Numerous concrete
elements have been cast using fabric formwork, with the continuous
development of precise tools through both digital and analog methods
remaining a key area of research (Veenendaal & Block, 2012; Hawkins
et al,, 2016; West, 2016). Initially, in 2009, Andrew Kudless, founder of
MATSYS Design Studio, created the installation titled "P_Wall" at the
San Francisco Museum of Modern Art. This project utilized flexible
fabric formwork and computational methods to create a dynamic
simulation environment through form-finding. However, the physical
formwork used remained static (Huang & Belton, 2014).
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In subsequent years, Meibodi and Tessmann (2014) differentiated their
approach by using CNC machining and handcrafting techniques to cast
concrete into an MDF formwork that only moved along the diagonal
axis, producing a hyperbolic paraboloid geometric form. In the same
year, Schmitz (2014) introduced methods for using fabric formwork in
the construction industry, including tensioned fabric formworks and
air-inflated fabric formworks. These innovative methods offer
advantages such as cost-effectiveness, lightweight, portability, design
flexibility, and waste reduction. More recently, Szabo et al. (2019)
employed the Smart Dynamic Casting (SDC) method with robotic
fabrication to produce thin folded concrete units using a rigid and fixed
formwork (Table 1). This study produced concrete units approximately
1.50 meters in size using digital casting; however, collapse occurred
after reaching a certain height. Among the most innovative approaches
in concrete production is the work by Lloret-Fritschi et al. (2023), who
first introduced a two-state dynamic mold made from waxed paper for
lightweight mold production. Although they demonstrated successful
concrete production with these paper molds, their approach required
the peeling of the mold for concrete removal, resulting in a single-use
mold.

The examination of these concrete formwork systems has identified
two key issues. First, there is concern regarding the durability and
longevity of the fabric materials, which is particularly concerning in the
case of single-use materials that may pose environmental risks. Second,
there are the variations that can occur during the assembly, tensioning,
and support of the fabric. These variations can lead to inconsistencies
in the formwork geometry, increasing the risk of not achieving the
desired shape after the concrete is cast (Liebringshausen et al., 2023).
To address these challenges, the controlled assembly and use of fabric
as formwork presents a more sustainable, lightweight, globally
accessible, and reusable alternative compared to traditional formwork
systems (Lo & Wang, 2024).
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Order/ Geometric Casting and Folding or Kinetic Design & Impact & Performance Images of Physical Prototypes
Researchers  Form Molding Material  Hinging in Mechanism Manufacturing
Formwork Method
1. Kudless | -Hexagon -Pouring plaster -Fixed -Fixed fabric- -Computational -Rich configuration through
(2009), | modules onto nylon fabric-  wooden formwork Form-Finding varying distribution of
founder of formwork dowels dowels within modules
MATSYS -Handcrafting
Design (Nylon fabric -Formation of uniform
Studio stretched over organic forms
wooden dowels)
2. Meibodi | -Hyperbolic -Pouring gypsum - Folding -Dynamic -Computational -Reusable formwork
& Tessmann | paraboloid onto paper mold with paper formwork design and
(2014) (only simulation -Easier form explorations
-Pouring gypsum - Hinging in movement on with paper molds
onto plastic mold MDF mold diagonal axis) -Handcrafting
(with textile- -Better gypsum
-Pouring concrete  reinforced -CNC machining performance in the plastic
onto plastic mold tape) mold
-Pouring concrete -Better concrete
onto MDF mold performance in the MDF
mold
3. Szabo et | -Thin folded Pouring concrete - Fixed -Rigid folded -Computational -Reusable formwork
al. (2019) | geometry with into foil formwork  folded foil formwork design
a straight formwork -Uneven distribution of the
curve -Robotic fabrication  material within the mold
production using
-Thin folded Smart Dynamic -Collapse occurring at a
geometry with Casting (SDC) certain height in the Bezier-
a bezier- method curved prototype
curved
-Cracking in the Sine-
-Thin folded curved prototype
geometry with
a sine-curved
4. Lloret- | -Thin folded -Pouring concrete  -Folding with  -Dynamic -Computational -Single-use formwork
Fritschi | geometry with  into 2mm paper formwork design
etal. | curved creases  museum board (a bistable -Smooth surface finish with
(2023) formwork structure) -Robotic fabrication ~ museum board mold
-Folded production using
geometry with  -Pouring concrete Admixture -A relatively smooth
nested creases  into 0.4 mm wax Controlled Digital surface finish with air
paper formwork Casting (ACDC) pockets and minor
method imperfections with waxed
paper mold
-CNC machining
5. Authors | -OctaBowl! -Pouring white -Hinging and  -Dynamic -Computational -Reusable formwork
(2024) concrete into folding in formwork design and
kitchen cloth fabric (Multiple simulation -Relatively smooth surface
fabric formwork formwork degrees of finish except for the trace
freedom with -Handcrafting left by the mould frame
-Pouring white designed
concrete into joints) -Digital fabrication -Formation of catenary
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white-flannel
fabric formwork

Table 1: A comparison
between the existing concrete

formworks and the dynamic
formwork produced in this
research.

with 3D printer

curve shapes by concrete
self-forming using fabric

Various techniques have been developed to effectively utilize fabric

formwork during the form-finding stages. As commonly seen in existing

studies, the fabric is typically fixed in place. However, Akcay Kavakoglu

(2020) proposed a novel approach by applying the fabrigami technique

to fabric, enabling the production of dynamic formwork.
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Since this technique draws inspiration from the fundamental principles
of origami, it is essential to first understand the concept of origami
itself. Origami is known as a generative technique used to create
complex geometric forms by folding rigid surfaces according to rule-
based relationships (Song et al., 2024), and originating from Japanese,
the term is derived from “oru” (1 %-to fold) and “kami” (¥&-paper).
This characteristic has inspired various disciplines and contributed to
the development of diverse structures. One such technique inspired by
origami is fabrigami, which is known as the art of folding fabric (Ahmed
et al., 2020). To fold the fabric into the desired pattern, stitching lines
are created on it, and folds are made along those lines (Wang et al,,
2022). In architecture, Samira Boon and her Studio in Amsterdam
explore innovative uses of fabric, combining origami techniques with
digital manufacturing to create dynamic, interactive spaces (Boon,
2024). Some of the studio's projects are illustrated below (Figure 1).

All of these processes require both analog and digital craftsmanship in
terms of the level of detail and the need for artistic skills in fabric
formwork. According to McCullough (1998), digital craftsmanship
allows artisans to integrate traditional craft techniques with digital
technologies, enhancing their ability to solve complex challenges and
develop innovative solutions. This integration enables artisans to
effectively use digital tools to overcome intricate problems and create
novel solutions (Kilian, 2007). This study aims to explore the potential
of combining traditional and digital methods, akin to McCullough's
concept of digital craftsmanship, by a dynamic fabric mold is produced
through a different crease-pattern, and the strengths and weaknesses
of these outputs are discussed on a form-specific basis to evaluate their
future applications.
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Figure 1: Fabric folding studies,
images sourced from Studio
Samira Boon (2024)

(a) Tsuru x Brighton College
project completed in 2024

(b) Kumo x Lightnet project
completed in 2024

(c) HERMES & RDAI project
completed in 2022.

2. METHODOLOGY

The methodology of this study is developed based on the dynamic
fabric mold system generated by fabrigami technique which is offered
by Akcay Kavakoglu (2020) for exploring the novel tectonics of fabric-
formed concrete. The progress includes three modeling stages:
algorithmic modeling, 3D geometric modeling, and analog modeling
(Figure 2). The research methodology comprises three stages: i) the
selection of the crease pattern for the unit, ii) the design of the
deployable formwork system based on the selected unit pattern, and
iii) the casting of concrete into fabric molds.

I.  The selection of folding pattern: Initially, a crease pattern is
chosen to form a unit.
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No

The production of foldable formwork through digital
craftsmanship: This stage involves designing a deployable
formwork system using fabric, leveraging the fabrigami
technique. Given that the resulting form will impact its
structure, initial emphasis is placed on designing connection
details within the system. Various modeling methods are
employed to conduct hinge experiments, and ultimately, the
designed formwork structure is integrated with different types
of fabric.

The casting of concrete into fabric molds: Various concrete

experiments are conducted on deployable fabric molds.

Crease pattem sslection
of the unit

v

Deciding on the bow form
for the unit to be created
with the crease pattem

v

Crealing various
bowls by closing
the edgas at
different angles

Reverse the closing
direction of folds

»| Choosing one of the bowl

Defining Boundary.
WMountain and
Valley edges

Changing the
height of the sides

Converting the form
of the base to
another polygon

4

Creating the bowl form

Doss the selecied

e Design of the deployable

molding system through

Figure 2: Flowchart of the process
and illustration of bowl forms
adapted from Jackson’s (2011)
book.

Generating 3 panel from
the final medule

,

Scanning the dried
concrete and ransferring it
to Agisoft Metashape
Professional program

A

Pouring concrele info a
deployable fabric mold

A

Integrating fabric and
joints

Doss the

To ensure deployabilty. e o

deplayable
festure?

the selected unit pattem

2.1 The Selection of Folding Pattern
The bowl form is selected as the basis for the unit to be created using

the crease pattern. Due to the broad design parameters of bowl forms,

it is possible to produce bowls in a wide variety of shapes. Various

| first the joints of the Mold f—————————————>-
must be designed

have deployable

A

No
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Figure 3: Six different types of
bowl forms (Jackson, 2011).

modifications are feasible, such as altering the height of the sides,
changing the base to another polygon, creating different bowls by
closing the edges at various angles, or reversing many folds. These
variations, when combined in different ways, can result in highly diverse
forms. In Jackson's book, Folding Techniques for Designers: From Sheet
to Form, he demonstrates the folding techniques for creating bowl

forms, progressing from simple to complex, and identifies six distinct
bowl units (Figure 3).

In this study, the unit (b) is selected from among the bowl forms
presented in the book. When comparing all the units, the units labeled
(d) and (c) are not chosen due to the presence of excessive curvature
at the ends of the diagonal axes, which could cause fabric folding
difficulties and require more material for the rigid framework of the
mold. Similarly, the unit (e) is excluded as it does not provide a suitable
cavity for pouring concrete. The remaining units labeled (a) and (f) are
also dismissed due to their inward protrusions, which could potentially
cause issues during the demolding process.

One of the key advantages of the selected unit (b) is relatively its simple
form, which allows it to adapt to the fabric and facilitate folding. This
feature enables the use of a variety of materials, from paper to fabric,
in the creation of dynamic molds. Such versatility supports
sustainability by allowing the use of different design options at low-cost
and maximizing the efficient use of available materials. Another
significant advantage of the chosen bowl form is its capacity for rapid

An Experimental Approach to Use Foldable Fabric-Formwork in Digital Craftsmanship



and mass production, which simplifies the creation of numerous units
and modular designs. Furthermore, the ability to alter the folding
direction of the unit, folding its ends either inward or outward, provides
various design alternatives. The selected unit has two different
versions: inward-facing and outward-facing, to be utilized in
subsequent molding stages. However, considering that the inward-
curving version would hinder the removal of concrete material once
poured, the outward-facing version is preferred.

2.2 The Production of Foldable Formwork through Digital
Craftsmanship

Following selecting the crease pattern to create the unit (b), the
boundary, mountain, and valley details of the chosen unit are first
digitally drawn. These edges are then defined within a computational
design environment. Using the simulation component available in the
Crane plug-in, the folding motion is simulated, and the resulting forms
are observed (Figure 4). In the physical environment, the design of the
connection details, which enable the system's mobility, is crucial for
creating a deployable mold system. In this context, the connection
details are initially addressed, and various connection designs are
digitally generated to explore different possibilities and save time.
Rapid prototyping methods are employed, with a 3D printer used as a
manufacturing tool for these designs. The fundamental question at this
stage is: How can the movement of the system be achieved with joints?
Based on the answer to this question, the materials to be used are
selected. Wooden rods are chosen for the strength of the system's
basic framework, while a flexible material called Thermoplastic
Polyurethane-TPU is selected for the joints to ensure flexibility.
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Tor Wiew

Persprclive View

Figure 4: Identifying edges and y O\ P
exploring folding motion. ' e

2.2.1 Joint Experiments

After deciding on the material selection, a joint structure is created in a
computational design environment using open-source code from
Parametric House (2022) to develop an idea for the connection detail.
The joints are then integrated into the mold structure, as shown in
Figure 5. To test the designed joint in a physical environment, it is
produced using Thermoplastic Polyurethane through additive
manufacturing, as depicted in Figure 6.
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N
\\ k“/// Figure 5: Views of the molding
\\ // system consisting of joint type-1
’ S (a) Top view,
(a) (b) (b) Perspective view.

) Figure 6: Views of joint type-1
.)— ' (a) South-east view,
(b) Top view,
(c) Front view,
(d) 3D-printed model.

() (d)

Joints are designed in a 3D geometric modeling environment for the
second attempt. In this design, a central cylinder surrounded by
cylindrical tubes is incorporated. It is aimed to allow the wooden bars
of the formwork structure to fit into the cylindrical tubes with this
configuration. The produced detail is fabricated entirely with TPU
(Figure 7).

— .l Figure 7: Views of joint type-2
(a) South-east view,
(b) Top view,

(c) Front view,

(d) 3D-printed model.

(c) (d)

In the third attempt to achieve the desired state, the concept of
combining a sphere in the center with surrounding rings to attach it to
the wooden frame has emerged. Additional cylindrical tubes are
designed to fasten the wooden bars (Figure 8).
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Figure 8: Views of joint type-3
(a) Sphere detail,

(b) Pipe profile detail,

(c) 3D-printed model.

Figure 9: Views of joint type-4
(a) Metal nut detail,

(b) Integrating joints into the
system.

Figure 10: Views of joint type-5
(a) South-east view

(b) Top view,

(c) Front view.
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(a) (b) (c)

To further enhance the deployable effect in the system, metal nuts are
employed at the central parts of the joints. Around these nuts, pipe
profiles fabricated with TPU are connected using flexible wires (Figure
9).

In the latest joint attempt, a sphere designed in a 3D geometric
modeling environment is created to facilitate the connection of five
wooden rods emerging from the central piece. These components are
then manufactured using a 3D-printer. At this stage, it is crucial to
ensure that the central piece has sufficient clearance to accommodate
the pipe profiles connecting to the sphere. The radius of this clearance
is adjusted through the production of physical prototypes (Figure 10).

90 aa
20

To enhance the strength of the joint points for improved performance

S
99@

during concrete pouring Biopolymer Polylactic Acid-PLA is used for the
central piece. After completing the 3D printing process, wires are
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integrated into the pipe profiles through this sphere (Figure 11). Below,
it is shown that the deployable feature in the system is provided (Figure
12).

Figure 11: Views of joint type-5

(a) 3D-printed model of a

single unit,

(b) Total joints used in the unit,

(c) Integrating joints into the
(a) (b) (c) system.

Figure 12: Examining the
deployable feature of the mold

2.2.2 Fabric Experiments

Subsequent to designing the mold system, the next phase involves
integrating this structure with fabric. In this regard, a kitchen-cloth
fabric composed of 70% cotton and 30% polyester was selected to
assess its flexibility as fabric type-1. The fabric is cut to 21x21 cm to
match the unit size. To ensure precision, a two-dimensional structure
of the unit is created by sewing stitches onto the fabric using a sewing
machine, followed by sewing another piece of fabric on top of these
stitches. This method allows for the integration of wooden bars into the
fabric system by passing through these interstitial spaces (Figure 13).
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Figure 13: Integrating fabric
type-1 with the mold system
and discovering its deployable
feature.

To explore different behaviors of concrete in subsequent stages, white-
flannel fabric composed of 100% cotton, which is thinner and more
flexible compared to fabric type-1, is chosen. Similar to the first fabric,
a piece of fabric is cut to match the size of the unit. Stitch-marks are
made on the fabric to align the wooden sticks correctly. Additional
pieces of fabric are sewn on top of these stitches. This process creates
intermediate spaces through which the wooden rods could pass, similar
to fabric type-1 (Figure 14).

\‘\\\
Figure 14: Integrating fabric
type-2 with the mold system
and discovering its deployable
feature.
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2.3 The Casting of Concrete into Fabric Molds

To observe the behavior of concrete in formwork systems created with
different types of fabrics, various experimental setups are established.
Initially, an experimental setup is prepared using fabric type-1. In the
initial stage, to prevent concrete adhesion to the mold and facilitate
multiple uses of the same mold, a light stretch-film is placed inside the
mold. For preparing the concrete mixture, a ratio of 3 parts cement to
2 parts water is used to achieve a fluid consistency that ensures the
mixture is not excessively watery. This prepared mixture is poured onto
the stretch-film and left undisturbed for approximately twelve hours to
allow the concrete to dry and take its full shape.

In experiments involving fabric type-2, a mold structure is constructed
to investigate dynamic factors such as wind and gravity. The mold made
of fabric type-2 is integrated into this structure for testing purposes
(Figure 15). In these experiments, concrete mixtures of different
weights are prepared, and the behavior of the concrete is observed.
Keeping other variables constant, only the ratio of the mixtures is
changed. As in the previous stages, stretch-film is placed inside the
mold, and concrete is poured. After waiting for approximately twelve
hours, the dried concrete is removed from the mold.

oo, Sl Y {5

3. RESULTS

3.1 Joint Experiment Results

The design of the connection details was of paramount importance in
order to achieve a deployable effect and to create a dynamic mold
system. Accordingly, prototypes were manufactured utilizing a range of
modeling techniques, with multiple trials conducted to further improve
the system. The outcomes of these trials are presented in the table
below (Table 2).

Figure 15: Mold structure
where the deployable fabric-
formwork will be placed.
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Table 2: Positive and negative ANCHOR POINT
situations obtained from joint TYPE

OUTCOMES

experiments. Typel

Type2

Type3

Typed

Type5
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¢ Although there were no errors during the production-
phase, the deployable effect observed in the digital
environment was not replicated when the system was
tested in the physical environment.

¢ The second designed joint encountered some errors
during production; however, after several printing
attempts, it was successfully fabricated without any
issues.

* Despite allowing the wooden bars to move due to the
flexibility of the joint material, it does not exhibit
deployable characteristics.

The bars could flex but were unable to be securely fixed
in different positions or return to their original
positions.

¢ Following the tests, it was found that 3D printing the
entire system as a single unit was not successful,
prompting the decision to produce parts separately.

e Upon examination of the physical prototype, it was
observed that printing with TPU posed no issues.
However, it was noted that the joints were too large,
potentially affecting the aesthetic appearance and
precision of the shape when pouring concrete.

e [t was determined that the pipe profiles were suitable
for subsequent stages, but the other parts proved
unsuitable.

e The system was exhibited deployable features,
operated successfully. However, the potential to create
a structure similar to the space truss system was
guestioned.

In this context, it was found that a design principle used
in space frame systems, which facilitates the
convergence of multiple beams at a single point, could
be adapted for this study.

e In all previous phases of 3D printing, all parts were
printed using TPU. However, issues arose during the
printing of the spheres with TPU due to the small size of
the holes in the center. Consequently, while the tube
profiles were reprinted with TPU, the central sphere
was printed using the harder.

e This method facilitated the production of all
components using advanced fabrication technologies
and demonstrated the best deployable features of the
system.
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NO

1st

2nd

3rd

4th

Fabrlc
Type

Typel

Type2

Type2

Type2

MixIng
Ratlo
(Cement to
water)

3:2

2.5:15

3:2

3.5:2

Is It
suspended
In the alr?

No

Yes

Yes

Yes

Outcomes

e The effect of dynamic factors
during the drying process of
concrete is reduced; therefore, a
more static situation is observed.
This revealed that the top part of
the final product was flat, while
only the side parts were curved.

e |t was observed that using
stretch-film to contribute to the
reusability and cleanliness of the
mold had a positive effect.

e Since no breakage was observed
in the produced concrete mixture,
it was concluded that the concrete
mixture was successful.

e It was determined that the
desired performance could not be
fully achieved due to the kitchen-
cloth fabric being a bit stiff.

e The concrete was not spread
adequately, resulting in a less
pronounced curvature compared
to the experiments with a higher
weight.

e Cracking occurred at the left
edge of the concrete unit, and
deformation was observed in the
shape

* The use of a more flexible flannel
fabric and an optimized concrete
mix ratio facilitated more effective
spreading of the concrete.

¢ No cracking was observed along
the edges of the concrete unit.

¢ Due to excessive weight and the
effects of gravity, a more
pronounced bulge developed at
the central region of the concrete
unit compared to the other areas.
*No deformation was observed in
the produced concrete unit.

Table 3: Outcomes obtained
using different fabric molds.
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Table 4: Comparison of the
resulting concrete outputs.

3.2 Fabric Experiment Results

In order to observe the behavior of concrete on fabric, a variety of
fabrics were employed, including both rigid and flexible materials.
Furthermore, in the second, third, and fourth experiments, dynamic
factors were incorporated into the system to examine the concrete's
behavior. The results of the four experiments are presented below
(Table 3).

Different concrete mixtures were poured into fabric molds made of
Fabric Type-1 and Fabric Type-2, and the resulting products are listed
below (Table 4). The concrete dried in approximately twelve hours and
was removed from the mold without sticking.

Order of Views
experiment
1st  —
! - J » ¢
\f . \\
AN P
2nd
N S 4.'/’ S N
3rd

o
&

i\

4th

A,
3
4!? ‘ 1

3.3 Comparing the Physical Model to Computational Model
Based on the data obtained from scanning the concrete unit, it was
observed that the edges of the shape formed a longer profile compared
to other sections, as the fabric mold was suspended from the fixed
wooden formwork at its ends. This characteristic was successfully
transferred to the digital environment.
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However, when simulating the behavior of the concrete in a
computational design environment, a shape with similarly curved
edges, like the one created in the physical environment, could not be
achieved, and the digital simulations did not fully align with the physical
models. Further research is needed to investigate this inconsistency
(Figure 16).

4. MODULAR DESIGN OF MICRO-SCALE FABRIC-FORMWORK

In this study, a fabric-formwork was designed using a selected crease
pattern, enabling the production and arrangement of concrete units. At
this juncture, it is essential to consider the potential applications of
these modular concrete units. Specifically, understanding how this unit
can be utilized to create modular designs and in what context these
designs can be implemented is crucial. In this regard, a concrete unit
was defined in a computational design environment, and an algorithm
was developed to generate configurations of this unit in a grid-based
arrangement at various angles. Visual representations of these
configurations at 30, 45, and 60 degrees were subsequently created
(Figure 17). A configuration comprising two concrete units is shown in
the physical environment below (Figure 18). It is hypothesized that the
resulting modular design could be used in the future as an interior wall
panel, an exhibit element in an art gallery, or as an architectural
element on the facade of a building in larger-scale applications.

Figure 16: Comparison of

computational model (left) and

scanned digital model (right)
(a) Top view,
(b) Front view.
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Figure 17: Modular state of the
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unit at 30, 45 and 60 degrees
respectively.

Figure 18: A configuration
consisting of two concrete
units in the physical
environment.

5. DISCUSSION

The shaping of concrete has evolved with the development of various
construction methods over time. This evolution stems from the desire
to eliminate the use of disposable, heavy, and bulky molds commonly
employed in the construction industry. This study, conducted through
the design of flexible fabric molds, introduces a mold system that, while
differing in the materials used, aligns with the reusability aspect of
systems developed by Meibodi & Tessmann (2014) and Szabo et al.
(2019). On the other hand, although Lloret-Fritschi et al. (2023)
demonstrated the successful production of concrete using wax-coated
paper molds, which offered the potential for lightweight mold systems,
their approach required the peeling of the mold to remove the
concrete.
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The most significant distinction of this study from existing concrete
mold systems in the literature is the integration of a hinge mechanism
into the dynamic mold system. This mechanism features a hinge system
that allows five wooden rods to pass through a single joint, creating
multiple degrees of freedom. This approach is analogous to the
reconfigurable units with multiple degrees of freedom designed using
metamaterials by Overvelde et al. (2016). In this context, while existing
dynamic molds in the literature, such as the diagonal movement in
Meibodi & Tessmann's (2014) mold or the two-state mold production
in Lloret-Fritschi et al. (2023), exhibit limited movement, this study
introduces a more versatile system.

There are also notable similarities between this study and other
concrete mold systems. One such similarity is with the work titled
"P_Wall" by Andrew Kudless, founder of MATSYS Design Studio, which
employs computational methods to produce organic textures using
flexible fabric molds. Additionally, the method of securing the fabric at
specific points in Kudless's work parallels the construction approach in
this study. However, unlike the MATSYS approach, which uses fixed
wooden dowels for mold construction, this study integrates a movable
hinge system into the fabric mold. Furthermore, this study bears
resemblance to the works of Meibodi & Tessmann (2014), particularly
in the inclusion of digital craftsmanship in the concrete mold
production process.

6. CONCLUSION

This research evaluates the outcomes of applying the Fabrigami
technique to flexible fabric formwork within the framework of fabric
formwork, concrete, and digital craftsmanship. The study distinguishes
itself from other works through the design of a multi-degree-of-
freedom hinging system. Although the outcomes produced in this study
focused on the single-target optimization of the form by fixing the
foldable mold at specific points to a rigid wooden frame, the hinge
system designed in this paper offers the potential to create unexplored
form alternatives. By utilizing both fixed and movable elements, it is
possible to explore different variations by securing the dynamic fabric
mold at specific points during its movement and then pouring concrete.
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Additionally, the repeated use of the same mold in three experiments
conducted with fabric type-2, demonstrates the reusability of this
mold. This offers a sustainable alternative to the heavy and single-use
molds commonly used in the construction industry.

Due to limited access to resources, the dynamic fabric formwork
designed and produced in this study was not fabricated on a large scale
and was constrained by the build volume of the 3D printer. To advance
this research, future studies could explore the application of dynamic
formwork on a macro scale, potentially in combination with robotic
fabrication techniques, to address the structural challenges of concrete
structures that tend to collapse beyond a certain height in digital
casting. Moreover, the assembly of the produced concrete units was
beyond the scope of this study; therefore, future research could focus
on developing a detailed assembly system to test its applicability at
different scales.

When comparing the 3D-scanned model of the concrete unit produced
in this paper with its digital simulation, a 100% match was not observed.
In this context, future experimental work could focus on improving the
accuracy of digital physical models by addressing production-related
issues and incorporating more comprehensive datasets on the behavior
of fabric and concrete into digital tools, thereby generating more
precise predictive outcomes.
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In this study, the process and outcomes of the "[Removed for Blind Review]"
workshop, which was organized to understand the different layers that emerge
from the integration of artificial intelligence (Al) into the traditional design process,
are discussed. The workshop, conducted with 43 students from the disciplines of
Architecture, Interior Architecture, and Ship and Yacht Design, aims to highlight the
differing thought patterns of the participants throughout the process, focusing on
the relationship between material and Al. This study employed the "observe-think-
act" method, and structured where participants assumed the role of researchers
within this method. In the first stage of the workshop, participants produced their
biopolymer materials. The design studies focusing on the material properties are
expected to occur within a composition where the material is considered from the
user’s perspective. The material experience, is possible through the identification
of the sensory, semantic, emotional, performance, and potential characteristics of
the material. In the second stage, participants developed forms using Midjourney,
utilizing the criteria they set for their materials. The final stage concerns how much
participants altered their formulations while physically producing the Al-assisted
designed forms and how these changes impacted the renewed material experience
characteristics. At the end of the process, most participants modified their initial
formulations to produce the Al-assisted form. The changes in the new formulations
primarily occurred in the keywords associated with performance and potential,
while a limited number of changes were made in those related to semantic,
sensory, and emotional parameters. This result indicates that despite the influence
of artificial intelligence, the perceptual subjectivity during the participants' initial
interaction with the material was not lost.
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Bu calismada, geleneksel tasarim siirecine yapay zeka (YZ) entegrasyonu ile ortaya
¢ikan  farkh  katmanlari  okuyabilmek amaciyla dizenlenen  “[Hakem
degerlendirilmesi icin c¢ikarilmistir]” baslkli calistayin streci ve sonuglari
tartisiimaktadir. Mimarlik, ic mimarlik ve Gemi ve Yat Tasarimi disiplinlerinden 43
ogrenci ile gergeklestirilen calistay, katilimcilarin siiregteki farklilasan dustinme
bicimlerini, malzeme ve YZ iliskisi Gzerinen ortaya koymayi hedeflemektedir. Bak-
distn-eyleme gec yonteminin kullanilldigi calismada, katilimcilarin bu yontemdeki
arastirmaci roltine burtndukleri bir stire¢ kurguanmistir. Calistayin ilk asamasinda
katilimcilar kendi biyopolimer malzemelerini Gretmislerdir. Malzeme 6zelliklerine
odaklanan tasarim ¢alismalarinin, malzemenin kullanici perspektifinden ele alindigi
bir kompozisyon iginde gerceklesmesi gerekmektedir. Bahsedilen galismalara da
temel olusturan ‘malzeme deneyimi’, malzemenin duyusal, anlamsal, duygusal,
performans ve potansiyel 6zelliklerinin tanimlanmasi ile mamkindur. Katilimcilar,
recetesini olusturduklari malzemelerin belirledikleri 6lgutlerini girdi olarak
kullanarak, calstayin icinci asamasinda Midjourney ile form gelistirmislerdir.
Calistayin son asamasi, YZ destekli tasarlanan formu fiziksel olarak Uretirken,
katilimcilarin malzeme recetelerinde ne olglide degisiklikler yaptiklari ve bu
degisikliklere gore yenilenen malzeme deneyimi ozellikleri ile ilgilidir. Sireg
sonunda ¢ogu katilimcinin, ilk malzeme regetelerini, YZ destekli tasarlanan formu
fiziksel olarak Uretmek icin degistirdigi gorilmustir. Yeni recetelerdeki degisiklikler
blyik oranda performans ve potansiyel parametrelerinde belirtilen anahtar
kelimelerde gerceklesmis; anlamsal, duyusal ve duygusal parametrelerde belirtilen
kelimelerde sinirli sayida degisiklik yapilmistir. Bu sonug, YZ etkisine ragmen,
katiimcilarin malzeme ile olan ilk etkilesimleri sirasindaki algisal 6znelligin
kaybolmadigini gostermektedir.
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1. GiRi$ (INTRODUCTION)

Toplumsal, ekonomik ve teknolojik egilimlerin bilgi odakl bir yapiya
gecisi ile yasanan cok boyutlu dondstmler, tasarim dusincesini,
araclarini, ortamlarini ve yontemlerini de etkilemektedir. Ginimuzde
kati olan her seyin buharlastig| goristiinden (Berman, 2004) hareketle,
gercek olan ve sanal olan arasindaki farkin dnemini yitirdigi (Baudrillard,
2003), herseyin birlige evrilerek karmasiklastigl ve bir yandan da
atomize oldugu (Poincaré, 2001) aciktir. Bu durumda, tekil ogeler
yerine, birbiri ile iliskisiz gorlinen ogeler arasinda yeni baglarin
kesfedildigi bir aradaliktan ve birliktelikten s6z etmek miumkin hale
gelmistir. Boylesi bir birliktelik, hayalglcu ve yaraticilik gibi kavramlara
temellenen tasarim disiplinleriicin genis bir disinme ve Uretme olanagi
sunmaktadir. Tasarim surecinin, dogasi geregi, cok disiplinli ve isbirlikgi
yapisl, ginimuzde bilgi teknolojilerinin tasarim alanina entegrasyonu
ile sinirsiz sayida ve bicimde yeni birliktelik ortamlarinin olusmasina yol
acmistir. Bu ortamlar, tasarim alaninda karar verme sireclerinin cok
katmanli yapisini bir yandan gelistirirken, bir yandan da cok sayida yeni
katmanlarin olusmasina olanak saglamistir (Dave ve dig., 2018).

Teknolojinin glindelik hayatin merkezine yerlesmesiyle birlikte, tim
dinyada sanal 6grenme ortamlari glinimuzde tasarim egitimine dahil
edilmis ve 6g8renme sirecine aktif katilim bicimlerinin farklilasmasina
yol agmistir. Tasarim egitimi, bu yeni birlikteliklerin ve katmanlarin en
belirgin bicimde ortaya ciktigi alanlardan biridir. Ogrenilen bilginin
dogrudan uygulamaya aktariimasina izin vermeyen formel egitim
ortamlarina, farkh ve genis acilimlar sunan enformel egitim ortamlari
eklenmistir (Hoff, 2001). Hatta, glnimuizde enformel 6grenme
ortamlari, 68rencilere bilginin deneyime bagh 6grenilmesini saglayan
cesitli yontemler sunmasi sebebiyle, formel 6grenme ortamlari kadar
onemli bir hale gelmistir (UNESCO-UIS, 2012). Bireyin 6grenme
sirecine kendi istegiyle katildigl bu enformel 6grenme biciminin etkin
ve kalici olabilmesi ise, kendisini 6grenme ortaminin bir pargasi haline
getirmesi ve etkilesimsel 6grenme araclarini kullanmasi ile midmkdnddr
(Csikszentmihalyi, 1997). Bu 6grenme ortamlarinin sundugu genis
yelpaze, son yillarda tasarim egitimi konulu g¢alismalarin formel egitim
yerine enformel egitim ortamlarina odaklanmasina yol agmistir.

Malzeme Odakli Yapay Zeka Destekli Bir Tasarim Sireci Onerisi: Dogal Malzemeden Yapay Zekaya



Bu baglamda, tasarim sirecine yeni nesil dijital olanaklarin
entegrasyonu ile ortaya ¢ikan farkli birliktelik ortamlari ve katmanlarini
okuyabilmek amaciyla bir calistay dizenlenmistir. Bir enformel
O6grenme ortami olarak olusturulan calistayda, farkh tasarim
disiplinlerden 6grenciler katilimci olarak yer almislardir. Boylelikle,
geleneksel tasarim sireclerine dijital ortamlarin entegrasyonunun yani
sira, farkl disiplinlerdeki aktorlerin yeni birlikteliklerin ortaya cikis
sirecindeki farkli davranis bicimleri de yeni katmanlar olarak ele
alinmistir. Bu dogrultuda, bu arastirma, “Dogal Malzemeden Yapay
Zekaya” baslikli calistay strecini ve sonuglarini, katilimcilarin sirecteki
farklilasan  dusinme  bicimleri  Gzerinden  ortaya  koymayi
hedeflemektedir.

Arastirmanin metodolojisi, 6grenciyi merkeze alan enformel 6grenme
bicimlerine odaklanan arastirmalarda siklikla tercih edilen eylem
arastirmasi yontemine temellenmektedir. Eylem arastirmasi, belirli bir
sirecte deneysel hedefe dogru ilerlerken somut bir durumdaki
faktorlerin birbirleriyle nasil iliski kurdugunu inceleyen calismalara
verilen bir terimdir (London ve Ostwald, 2004). Eylem arastirmalarinda,
odak, strecte ortaya cikan bilgi Uzerindedir. Bir eylem arastirmasi tird
olan bak-dUsln-eylem ise stireci daha tanimli hale koymakla birlikte, bir
yandan da sistematize ederek sonug analizlerin slirecte yansimalarina
izin veren dénglsel bir sistem tanimlamaktadir (Sekil 1) (Stringer, 2008).
Bu nedenle, bu arastirmada bak-disin-eyleme gec yontemi
kullanilimistir.
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Bu calismanin diger arastirmalardan en temel farki, arastirmacilara
degil, katihmcilarin  slreclerinin  tariflenmesine  odaklanmasidir.
Boylelikle, hem tasarim slrecinin hem de enformel 6grenme ortaminin
temel aktor olan katilimcinin 6grenen-6greten-arastirmaci-karar verici
olma eksenindeki roli ve bu eksendeki degisimleri ortaya

Sekil 1: Bak-dustn-eyleme geg
yontemi (Stringer, 2008'den
adapte edildi).

(Look-think-act method.
(Adapted from Stinger, 2008)
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konabilecektir. Bu cercevede, katilimcilarin, her birinin tasarim
sirecinde sistematik olarak tanimlanmis adimlari izleyerek, bakip,
distnip karar verip sonraki degisikliklerine karar verecekleri bir
kurguda 6grenenden arastirana dogru dénltstmleri izlenebilecektir.

Bu noktada, calistayin ana temasinin, hem farkli tasarim disiplinlerinden
gelen atdlye katilimcilarinin kisisel yetenek ve ilgileri ile uyum icerisinde
olan hem de tim tasarim disiplinleri igin gegerli olan glincel bir konu
etrafinda belirlenmis olmasi arastirma icin blylk éneme sahiptir.
Katilimcilarin kendi 6grenme sireclerini etkin olarak yonetecekleri
distnildiginde, tasarim ve bilgi odaklarini birlikte ele alan bir
arastirmanin glncel konu ve yontemleri iceren bir cergevede
kurgulanmasi gerekliligi aciktir. Bu amacla, oncelikle tasarim ve bilgi
odaklarini farkh o6lcek, konu ve uygulamalarla irdeleyen arastirmalar
incelenmistir. Bu incelemelerde, ginimuzde vyapay zeka (YZ)
teknolojilerinin, her alana oldugu gibi, O6zellikle tasarim egitimi
alanindaki nifuzu ve yardimci roll dikkati cekmistir. Dolayisiyla, tasarim
pratiginde ve egitimindeki etkinligi her gecen gin artan bu
teknolojilerin (Rios-Campos ve dig., 2023), geri bildirim (Krsti¢ ve dig.,
2022), c6zim (Ahmad ve dig., 2021), esneklik ve 6zellestirmeye (Sadiku
ve dig., 2021) olanak saglayan genislikteki yapisi bu arastirma igin bir

zemin olusturmustur.

Diger taraftan, literatiirde, bilgisayar temelli teknolojilerin, tasarimcinin
hayal glclinU genisletme -aslinda ozglrlestirme- ve daha verimli
tasarimlarin ortaya cikisini kolaylastirma konularinda etkin bir roll olsa
da, tasarim slrecini daha ¢ok gorsel bir imgeye de indirgedigi
(Pallasmaa, 2007) vyolunda c¢esitli elestiriler s6z konusudur. Bu
elestiriler, dijital teknolojilerin tim duyulari aktif hale getiren ve bu
duyularla ydrittlen tasarim sirecinde, tasarimci ile tasarim Grinu
arasinda bir mesafe yarattigi gorisint temellenmektedir. Buna gore, el
cizimleri ve fiziksel maket yapimi ile yUrGtilen tasarim slrecleri ise,
tasarimci ile tasarim Urlnd arasinda dokunsal bir temasa olanak
saglamakta ve dolayisiyla da tasarimci ile tasarim UrinlU arasinda
bedensel ve zihinsel bir 6zdeslesme ortaya koyan vyaraticiligl
desteklemektedir (Pallasmaa, 2007).

Malzeme Odakli Yapay Zeka Destekli Bir Tasarim Sireci Onerisi: Dogal Malzemeden Yapay Zekaya



Tasarim slUrecinde malzemenin fiziksel olarak deneyimlenmesiyle
tasarimcida olusturdugu hissiyat, 6grenme ve anlama acisindan
onemlidir. Tasarimcinin, tasarim slrecinde malzeme ile olan etkilesimi,
bir yandan zihindeki yaratma strecini yonlendirirken; malzeme yalnizca
sonug Urdnln belirleyicisi degil, yaratma ve yapim sUrecinin dogal bir
parcasi olur. Boylece, her malzeme kendine 6zgl ozellikleriyle tasarim
nesnelerinin formunu, gérindstnd, anlamini ve algisini belirlemektedir.
Bu baglamda, c¢alistayin kapsami, geleneksel tasarim slrecinin
belirleyici etmenlerinden biri olan malzemenin, YZ destekli
teknolojilerle olan etkilesimi Uzerinden sirecteki donisimi olarak
belirlenmistir. Calistay, bak-dlstn-ekleme ge¢ stirecindeki dontsimleri
daha acik bicimde irdeleyebilmek amaciyla, yaraticiigi daha genis
Olcekte destekleyen YZ teknolojileri kullanimi ile yaraticihg kisisel
Olcekte destekleyen yontemlerin  kullanimi  birlikteligini  6ngoren
enformel bir slirec olarak kurgulanmistir.

2. MALZEME ODAKLI YZ DESTEKLI BiR TASARIM SURECiI ONERISi
(A PROPOSAL FOR A MATERIAL-FOCUSED Al-SUPPORTED DESIGN PROCESS)

Farkli tasarim disiplinlerine iliskin bilgilerin glinUmz dijital teknolojileri
ile  birlikte kullanilarak, nesnelerinin tasarlanma ve {retim
sirecglerindeki malzeme ve form iliskisinin  deneyim yoluyla
arastirilmasini amaclayan, yaraticilik odakl calistayin iki temel bileseni
bulunmaktadir: Biyo-polimer malzemeler ve YZ uygulamalari.

2.1 Malzeme Odakh Tasarim: Biyo-polimer Malzemeler (Material-

Focused Design: Biopolymers)

Bir malzeme ile tasarim yapmak, o malzemeyi tanimayi gerektirir.
Malzeme ile 'oynamak' olarak da adlandirilan bu etkilesim, yaratici
duslince slrecinin ilk safhasindan baslayarak sonug lrin elde edilene
kadar devam eder (Karana ve dig., 2015). Konuyla ilgili literattr
incelendiginde, malzemelerle ilgili plrizstz-pUrizll, yumusak-sert,
hafif-agir gibi duyusal karsitliklarin kesfedildigi malzemelerin 'dogasina’
odaklanan ilk c¢alismalarda, katilimcilarin malzemelerin 6zelliklerini
dokunarak deneyimledigi gorulmektedir (Itten, 1975; Wick, 2000).
Dinyayl tim duyulari araciligiyla algilayana bireylerin gevreye iliskin
deneyimini de olanakli kilan en temel faktor dokunmadir (Pallasmaa,
2007). Dokunma, ozellikle tasarim disiplinlerinin yaratici ve estetik
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kaygilarini anlamli hale getiren gorsel algilamanin da en temel
bilesenidir. Zaten tam da bu nedenle, giincel calismalar, malzemenin
hissettirdigi duyusal farkliliklar ve bu farkhliklarin kullanici deneyimleri
Uzerindeki etkileri (Howes ve dig., 2014; Chapman, 2014) gibi konulara
odaklanmaktadir.

Malzeme  deneyiminin bilesenlerinin incelenmesini  iceren
calismalardan ifade-Senséryel Atlasi (Rognoli, 2010), Malzeme Alg
Araclari (van Kesteren, 2008), Malzeme Estetik Veritabani (Zuo, 2010)
ve Anlam Odakli Malzeme Secgimi (Karana, 2009) bu arastirmada
uygulanacak cerceve ile benzerlikler icermektedir. Ozellikle
malzemelerin anlamlari modeline (Karana, 2009) dayanan Anlam Odakl
Malzeme Secimi, malzeme deneyiminde kullanici ile malzeme
arasindaki dinamik etkilesimi gorsellestirmesi bakimindan 6nemlidir. Bu
modele gore, Urlin ve malzeme arasindaki iliskileri anlayabilen
tasarimcilar, malzemeleri daha bilingli bir sekilde isleyebilmektedirler.

Malzeme 6zelliklerine odaklanan tasarim calismalarinin, malzemenin
kullanici perspektifinden ele alindigl bitinsel bir kompozisyon icinde
gerceklesmesi gerekmektedir (Wiberg, 2014; Karana, 2009). Bu
nedenle malzemenin mevcut durumunu anlamak, bu durumu analiz
ederek gerekli 6lcttleri olusturma ve bu dlcitlere uygun tasarimi ortaya
clkarma adimlari izlenmelidir (Karana ve dig., 2015). Bahsedilen
calismalara da temel olusturan ‘malzeme deneyimi’, malzemenin
estetik (duyusal), anlamsal ve duygusal olmak lzere Ug¢ bilesen ile
tanimlanmaktadir (Karana ve dig., 2008). Takip eden calismalarda bu
bilesenlere yapma bigimlerini ve uygulamalari da igeren performans
olgUtleri eklenmistir (Karana ve dig., 2015).

Ancak, bu calistayda, nesnelerinin tasarlanma ve Uretim slreclerindeki
malzeme ve form iliskisinin deneyim (zerinden ortaya konulmasi
amacindan hareketle, duyusal, anlamsal, duygusal ve performans
Olcitlerine; formu belirleme ve Uretme konusunda daha genis bir
perspektif saglamak ve malzemenin form Uretimine iliskin olumlu
ve/veya olumsuz etkilerini ortaya koyabilmek adina, malzemenin
potansiyeli o6lcitli de analiz parametrelerinden biri  olarak
degerlendirilmistir (Sekil 2).

Malzeme Odakli Yapay Zeka Destekli Bir Tasarim Sireci Onerisi: Dogal Malzemeden Yapay Zekaya
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Duyusal 6lcit, malzemenin, deneyimleyen bireyin dokunma-gérme-
koku gibi duyulari Gzerinde nasil bir etki olusturdugu; anlamsal élctt ise
malzemeyi deneyimleyen bireyin zihninde kavramsal olarak malzemeye
nasil bir icerik ve anlam yikledigine iliskindir. Duygusal 6lclt,
malzemenin deneyimleyen bireyin duygularini nasil tetikledigini
tariflemesini icermektedir. Performans, malzemenin fiziksel 6zellikleri
ve yeteneklerine dair deneyimleyen bireyin distincelerine; potansiyel
Olglit ise malzemenin  muhtemel kullanim olanaklarina iliskin
deneyimleyen bireyin zihninde barindirdig ortik bilgiye isaret
etmektedir (Karana ve dig., 2015).

Bu cercevede, calisma kapsaminda, duyusal, anlamsal, duygusal,
performans ve potansiyel ozellikleri incelenmek Uzere, literatirdeki
calismalarda da siklikla kullanilan biyo-polimer malzemeler secilmistir.
Biyo-polimerler bitki, hayvan ve mikroorganizmalar gibi dogal kaynakli
malzemelerden Uretilmekle birlikte; cevresel zararin azaltiimasi,
sirdurulebilirlik, toksik olmama, biyolojik olarak parcalanabilirlik ve
glbrelenebilirlik gibi  6zellikleri bakimindan da c¢evre dostu
malzemelerdir. Biyo-polimerlerden Uretilen plastikler, geleneksel
plastige glcll bir alternatif olarak; medikal, tarim, otomotiv, tekstil,
gida endustrisi ve ozellikle yapi malzemesi gibi bircok sektorde gelismis
uygulama imkanlari sunmaktadir. Yapilan arastirmalar biyo-polimer
GrlUnlerin, ticari olarak baskin olan petrol esasli Urinler ile rekabet
edebildigini gbstermekte ve bugln polimer pazarinin sadece kicik bir
ylzdesini olusturmasina ragmen, gelecekte blylk oranda petrol bazli
polimerlerin yerini alabilecekleri tahmin edilmektedir (Pacheco-Torgal
ve dig, 2016; Christian, 2020; Aaliya ve dig, 2021).

Diger yandan biyo-polimerler, kolaylikla erisilebilen malzemelerle, basit
ortamlarda Uretilebilecek bir baz regetesine, gesitli organik katkilarin

Sekil 2: Calistay cercevesi:

Malzeme tasarimi-tanimlamasi.
Workshop framework: Material

design-definition
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ilavesiyle, cok sayida secenek elde etmeye olanak saglamaktadir.
Boylece c¢ok vyonli bir deneyim ve etkilesim olanagl yaratan
sirdurulebilir  biyo-polimer malzemeler, kolay Uretilebilirligi ve
farklilastirilabilmesi ile tasarim sirecinin de aktif bir parcasi haline
gelmektedir. Ancak literatiirde, atdlye calismasinin ana temasi olan
biyo-polimer malzemeler ile dijital teknolojileri bir araya getiren,
Ozellikle tasarim siirecinde YZ ile olan etkilesimlerini temel alan benzer
bir calisma yer almamaktadir. Bu birliktelik, bir yandan bu arastirmanin
6zglin yoninld olustururken, bir yandan da tasarim slrecinde
malzemelerin kullanimi ve déntsimi ile farkl incelemeler ortaya
koyma zorunlulugunu dogurmustur.

Malzeme alanindaki c¢alismalar tekil olarak incelendiginde, bu
arastirmalarda, Large Language Models (LLM) uygulamalarinin siklkla
tercih edildigi gortlmdistir. LLM'lerin malzeme biliminde basarili bir
sekilde uygulanmasi, iklim degisikligi, enerji givenligi, strdirulebilir
tarim ve imalat, kisisellestirilmis tibbi cihazlar ve daha giiclu bilgisayar
sistemlerine erisim gibi glnUmuzin karmasik toplumsal dlcekli
zorluklarini ele alabilecek yeni malzemelerin kesfi, sentezi ve analizini
hizlandirarak bu alani dénustiirme potansiyeline sahiptir (Miret ve
Anoop Krishnan, 2024). Ancak glincel arastirmalarda, LLM'lerin kimya
(Jablonka ve dig., 2023) ve biyolojinin gesitli alt dallari (Lin ve dig., 2023;
Hsuve dig., 2022; Xu ve dig., 2023; Cui ve dig., 2023; Dalla-Torre ve dig.,
2023) gibi disiplinlerarasi alanlarda kullaniminin arttigi gorilmekle
birlikte, malzeme bilimine uygulanmasi gérece yavastir (Miret ve Anoop
Krishnan, 2024). Dolayisiyla, bu calismanin, dogal malzeme ve YZ
uygulamalari iliskisini ve bu iliskinin birbirleri ile karsilikli etkilesimini
tasarim sireci Gzerinden inceleyen gercevesi, yalnizca yaratici tasarim
alanlarina degil malzeme bilimine de farkl bir bakis agisi ile katki
saglayacak ve glincel literattrdeki dnemli bir boslugu dolduracaktir.

2.2 Tasarimda Yaratici bir Yardimci: YZ (A Creative Helper in Design: Al)

Yaraticilik, bilincsiz dustnce/islem (Poincaré, 1913; Miller, 2012), ani
fikir  ortaya cikist  (Wertheimer, 2020), icgorli sicramalari
(Csikszentmihalyi, 1997; Simonton, 1999) ve yeniligin Uretilmesini
iceren karmasik bir olgudur (Palmiero ve dig., 2019). Teknolojinin
tasarim alanina olan etkisinin katlanarak arttig ginimuzde, yaraticilik
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Uzerine gelistirilen sdylemler ve tartismalar daha c¢ok bireylerin bilissel
sireclerine yogunlasmaktadir. Bu baglamda, ortaya cikan dijital
yaraticilik (Owen, 1996) ve hesaplamali yaraticilik (Colton ve Wiggins,
2012) gibi kavramlar, ginimzde YZ'nin tasarim slirecine entegrasyonu
ile yeni boyutlara ulasmistir (Boden, 1998; Dartnal, 1994). YZ'nin ¢ok
sayida kesif yapabilme ve Urettigi cok sayidaki alternatif arasindan
bireylere secme olanagl saglama yetenegi, yenilikci fikirlerin erken
kavramlardan evrildigini ve mevcut kosullara yanit olarak rafine
edildigini 6ne slren (Simonton, 1999) ve yaratici slreci baslatmada
tasarimcinin probleme yaklasiminin énemini vurgulayan (Guilford,
1975) yaratici teorilerle de 6rtismektedir. YZ destekli (Al-powered, Al-
enhanced, Al-assisted) uygulamalarin bireylerin yaraticihgl Gzerindeki
etkisini inceleyen calismalar (Miller, 2019; Fischer ve Nakakoji, 1994;
King ve dig.,, 2017, Graham, 2015), varatici endUstrilerde
(Anantrasirichai ve Bull, 2020) ve sanatta (Chen ve dig., 2020) bir
yandan YZ'nin olumlu etkisini; bir yandan da yaraticiligl artirmak igin
etkilesimli kullaniminin énemini vurgulamaktadir (Boden, 1998; Miller,
2019).

Teknolojik gelismelerle birlikte, 6zellikle son yillarda, metinsel girdileri
gorsel olarak etkileyici gorintilere donUstlrebilen YZ platformlarinda
biylik bir artis ve yodntemsel cesitlilik meydana gelmistir. Ancak,
katilimcilarin sireclerinin tariflenmesine ve katilimcilarin 6grenen-
Ogreten-arastirmaci-karar verici olma eksenindeki roli ve bu eksendeki
degisimlerine odaklanan bu calistayda, metinden gorsele (text to
image) YZ uygulamalari kullaniimistir. Bunun en temel nedeni, tasarim
sirecinde bireysel etkilerin ve dolayisiyla degisimlerin en belirgin
sekilde okunabilirligi ile, bireylerin kendi ifadelerinin dogrudan tasarim
strecine dahil edilmesidir (Sekil 3).

e e, A
,V ------ )ﬁ.:.\_\h ,V ....... > ‘ /;;_.’__.....,.p ........ N

O > " b%uk }‘ dij\;:[jn" > eylemé geg ‘ > D

yapay zeka V e tanimia

.duyusal .anlamsal .duygusal .performans .potansiyel

Sekil 3: Calistay cercevesi:
YZ destekli tasarim sireci.
Workshop framework: Al-
Supported design process.
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Metinsel girdiler aracihigiyla tasarim fikirlerinin kavramsallastiriimasiicin
yeni bir yol acan (Ploennigs ve Berger, 2022) ve blylk dil modelleri
(LLM'ler) olarak adlandirilan bu uygulamalar, son yillarda yalnizca
tasarim alanini degil, neredeyse tim disiplinleri sekillendirmeye
baslamis ve gelecege dair yol haritalarini degistirmek zorunda
birakmistir (Zhang ve dig., 2023). Teknolojik gelismelerle birlikte strekli
bicimde glincellenen LLM'lerin egitim alanindaki uygulamalari ise yeni
bir arastirma konusudur (Wei ve dig, 2022). LLM'lerin egitim alaninda
kullanilmasina iliskin firsatlari, zorluklari ve sonuclari ortaya koyan
calismalarla (Ji ve dig., 2022; Kasneci ve dig., 2023) baglantili olarak
LLM'lerin egitimde kullanimi ¢esitli tartismalari beraberinde getirmis
olsa da (Johnson, 2023), bu araclar geleneksel 6grenme sireglerini
yeniden distinmek icin bir firsat olarak gorulebilir.

YZ'nin tasarim egitiminde kullanimi ise, daha erisilebilir, hizli (Bolek ve
dig., 2023) ve yaratici (Nast, 2023) bir paradigma degisimine isaret
etmektedir. Tasarim egitiminde YZ kullanimini konu alan arastirmalar,
kompleks geometrileri olusturabilme ve cok sayida tasarimi ¢ok kisa bir
zaman diliminde ortaya koyabilme gibi sonuclari ortaya koymaktadir
(Tong ve dig., 2023; Saadi ve Yang, 2023). Bu cercevede, bu calistayda
da, LLM modellerinden ginimizde yaygin kullanima sahip, kolay
anlasilabilir bir araylz saglayan, OpenAl'nin DALL-E ve Stability Al'nin
Stable Diffusion’t (Hertzmann, 2022) gibi metinsel ifadelerden ylksek
¢OzUnUrlUklt  gorintl  Uretebilen Midjourney kullaniimasi tercih
edilmistir.

3. DOGAL MALZEMEDEN YZ’YA SURECiI VE BULGULAR (FROM
NATURAL MATERIAL TO Al PROCESS AND FINDINGS)

Dogal Malzemeden Yapay Zekaya baslikli calistay, Maltepe Universitesi
Sekil 4: Calistay kurgusu. Mimarlik ve Tasarim Fakiiltesi Mimarlik ingilizce ve Tirkce, ic Mimarlik,
Workshop process. Gemi ve Yat Tasarimi Bolimleri’'nden 6grencilerin katilimlariyla 3

oturumluk bir deneyim olarak kurgulanmistir (Sekil 4).

OTURUM 1 OTURUM 2 OTURUM 3
di yimiftasarimi yapay zeka desEkli tasarim adakl yapay zeka destekli tasarim
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Birinci oturum, farkl disiplinlerde, farkli seviyelerde egitimine devam
etmekte olan 43 goénilld katilimecinin (Tablo 1) kendi biyo-polimer
malzemelerini tasarladiklari bir malzeme deneyimidir.

bolim sinif ogrenci bolim genel
sayisl toplam toplam
1
mimarlik 4
2 4 21
3 7
4 6
1 3
ic mimarlik 2 1 14
4 5
1 0
gemi ve yat 2 3 8
tasarimi 3 1
4 4

Kullanilan malzemelerin temelini olusturan baz kismi, Tlbitak Bilim
Geng'te belirtilen temel biyoplastik recetesi esas alinarak; misir
nisastasl, gliserin, sirke ve su ile Gretilmistir (Url-1). Katilimcilar bu baz
kisimlara farkh oranlarda tekstil atig|, talas veya kestane kabugu ilave
ederek 1si yoluyla dogal kompozit malzemeler olusturmus ve farkli
dayanim ve esneklik 06zelliklerine sahip farkli malzemeler elde
etmislerdir. Oturum sonunda, her katilimcidan deneyimledigi farkli
malzeme icerikleri ve Urettigi malzeme alternatiflerinden birini
secmeleri; nihai  malzemelerinin  duyusal, anlamsal, duygusal,
performatif ve potansiyel 6zelliklerini, her dl¢it igin 3 anahtar kelime ile
ifade etmeleri istenmistir. Bu ifadeler, ikinci oturumun girdilerini
olusturmustur (Tablo 2) (Sekil 5).

duyusal anlamsal  duygusal performatif potansiyel
yumusak gokytzd  karmasik gece top

tath gezegen  glclu sekillendirilebilir  kilifi
sessiz orkide korku dayanikli terlik
ates cocukluk  o6zlem sirdurilebilir kase

sicak ev huzurlu yenilikgi mobilya
sert dinginlik  yumusak sekillendirilebilir  kamp
sert saglam glvenli sekillendirilebilir ~ form
homojen konforlu  kontrollG  tutucu kaplama
sekilalma  yogun kararli dayanikli baglayici

Tablo 1: Katilimci profilleri.
Participant profiles.

Tablo 2: Birinci oturum
Uretimlerinden 6rnekler.
Examples from first session
productions.
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Sekil 5: Oturum 1 sonrasi elde
edilen anahtar kelimelerin
cesitliligi.

Diversity of the keywords
gathered after first session.

Tablo 3: YZ destekli ve gercek
form Uretimlerinden ornekler.
Examples from Al-supported
and physically produced forms
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parametreler

oturum 1- anahtar kelimeler

ikinci oturumda, ilk giin malzeme deneyimi sonucunda Uretilen
kavramlardan hareketle YZ destekli tasarim ile form Uretimi icin,
katilimcilar, Midjourney araciligiyla, islevsiz bir tasarim nesnesine dair
cesitli form alternatifleri gelistirmislerdir. Bu asamada, her bir
katiimciya Midjourney ile 5 deneme yapma olanagl verilmistir.
Denemeler sonunda katilimcilardan, malzeme &zelliklerini en iyi
yansittigini distndukleri bir denemeyi secmeleri istenmistir (Tablo 3).

yapay zeka destekli form Uretimi malzeme ile form Gretimi

Son oturum, YZ destekli tasarlanan formlarin, biyo-polimer
malzemelerle fiziksel olarak Uretilmesini icermektedir. Bu oturum,
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10x15x25 cm. boyutlariyla sinirli olarak dretilen nesneler Gzerinden,
malzeme ile form iliskisinin ve etkilesiminin deneyim araciligiyla
sirecteki degisiminin ortaya konmasini hedeflemektedir. Oturum
sonunda, katihmcilardan, ihtiyag duyulan/duyulmayan malzeme
revizyonlari ile, tim slre¢ sonunda, malzemelerine iliskin ilk oturumda
belirttikleri anahtar kelimelerdeki degisimleri tespit edebilmek adina,
sonug Urlne dair anahtar kelimelerini belirtmeleri istenmistir (Sekil 6).

parametreler
oturum 3- anahtar kelimeler

oturum 1- anahtar kelimeler

ilk oturum ile son oturum sonunda elde edilen anahtar kelimelerin
analizi, Uretilen formlarin bicimsel o6zelliklerini tanimlayan nesnel
sifatlar ile malzemeye dayali ilk tasarim dusdncesi arasindaki
baglantilari, degisim ve dénlstUmleri ortaya koyacaktir. Bu nedenle,
malzeme deneyimi, malzemenin ozelliklerine dayanarak YZ ile form
tasarlama, tasarlanan formu lretme asamalarindan meydana gelen
calistay surecinin detayli incelemesi ilk ve son oturumlar sonunda
tariflenen anahtar kelimelerin degisimi/ayniligi/yogunlugu Uzerinden
yapilmistir. Cok sayida ve cok farkli tipte ciktiya sahip bu katmanlari
okumak ve aralarindaki baglantilari agiga cikarmak, iliskisellik/iliskisizlik
durumunu analiz etmek icin, tim asamalarin ciktilari icerik analizi
yontemi ile siniflandirilarak incelenmistir.

icerik analizi, metin ve verilerde kodlama ve temalari veya oriintileri
tanimlama slrecini sistematik olarak siniflandirmayi iceren bir
arastirma yontemi olarak tanimlanir (Hsieh ve Shannon, 2005). icerik
analizinde, farkli arastirmacilar tarafindan cesitli terimlerle tanimlanan
Uc kodlama yontemi kullanilir. Kavram odakli (Schreier, 2012) veya
dogrudan/didaktik kodlama (Hsieh ve Shannon, 2005), 6nceden
belirlenmis bir yaklasim veya modele dayanir. Buna karsilk, veri odakli
(Schreier, 2012), geleneksel icerik analizi veya endiktif kodlama (Hsieh
ve Shannon, 2005), parametrelerin arastirmaci tarafindan 6nyargisiz

Sekil 6: Oturum 3 sonrasi elde
edilen anahtar kelimelerin
cesitliligi.

Diversity of the keywords
gathered after third session.
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Tablo 4: Oturumlara gore
anahtar kelime degisimleri
Keyword changes according to
the sessions.
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olarak belirlenmesine dayanir ve metnin analizini icerir. Uciinci
yaklasim olan 6zetleyici icerik analizi (Hsieh ve Shannon, 2005), enduktif
ve didaktik yontemleri birlestirir. Temalari didaktik kodlama yoluyla
olustururken, parametrelerin endiktif kodlama vyoluyla ortaya
¢lkmasina olanak tanir.

Bu baglamda, malzemeyi odagina alan calistayin hazirlik siirecinde,
parametreler énceden arastirmacilar tarafindan duyusal, duygusal,
algisal, performans ve potansiyel olmak tGzere belirlenmekle birlikte; alt
parametreler tarfilenmeyerek, katilimcilarin ifade ettigi anahtar
kelimeler ile olusturulmustur. Bu nedenle, bu arastirmanin verileri,
Uclncl yaklasim olan o6zetleyici icerik analizi yontemi kullanilarak
incelenmistir.

Arastirmada her parametre icin Ucer adet olmak Uzere, her bir
katilimcidan her oturumda 15’er, katihmci basina toplam 30, ve tim
sire¢ icin en fazla toplam 1290 anahtar kelime elde edilmesi
hedeflenmistir. Ancak 43 katilimcidan, her oturumda 616 olmak toplam
1232 anahtar kelime elde edilmistir. Katilimcilarin tarifledigi anahtar
kelimelere iliskin veriler incelendiginde, en fazla sayida anahtar
kelimenin duyusal parametre icin (126), en az sayida anahtar kelimenin
ise potansiyel parametre icin (120) yapildigi tespit edilmistir. Diger
taraftan, tUm parametrelere iliskin ifadeler toplam olarak
degerlendirildiginde ise, malzeme deneyimini iceren ilk oturumda 272
anahtar kelime tariflenirken, fiziksel Gretimi iceren son oturumda ise
anahtar kelime sayisinin artarak 281’e ¢iktigl gortlmektedir. Anahtar
kelimelerin parametrelere gore degisim oranlari karsilastirildiginda ise,
en biylk degisim duyusal parametrelerde, en az degisim de duygusal
parametrelerde gerceklesmistir (Tablo 4).

parametre oturum 1 farkli oturum 3- farkli degisim
anahtar kelime degisen kelime ylzdesi
kelime adet anahtar adet
kelime
duyusal 126 48 0.38
anlamsal 124 33 0.26
duygusal 124 272 25 281 0.20
performans 122 30 0.24
potansiyel 120 35 0.29
toplam 616 171 0.27
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ilk oturum sonunda en ¢ok belirtilen anahtar kelimeler, esnek (29),
sekillendirilebilir (19), dayanikli (18), gtivenli (18), estetik (14), yumusak
(14), rahatlatici (13), yapiskan (13), renkli (12), konforlu (10), yalitim
malzemesi (10), dogal (8), dokulu (8), huzurlu (8), kaplama malzemesi
(8), purtzlt (8), surdurulebilir (8), cevre dostu (7), ekonomik (7),
heyecan (6), saglam (6), sert (6), yenilikci (6), elastik (5) ve hafif (5)
olmustur. ilk oturumda ifade edilen anahtar kelimeler ile son oturumda
ifade edilen anahtar kelimeler karsilastirildiginda ise, 60 adet kelimenin
cok blylk anlamsal farkhliga sahip olacak sekilde degisiklige ugradig
tespit edilmistir. Bu baglamda, en c¢ok sayida degisim, ilk oturumda
belirtilen dayaniklilik ifadesinin son oturumda dayaniksiz, hafif, kirilgan
gibi karsiliklar bulmasi ile gdzlemlenmistir. Benzer sekilde, oturumlar
arasinda anlamsal zithga dogru degisen diger anahtar kelimeler, pirdzlQ
ifadesinin plrlzstze, sert ifadesinin yumusaga donidsimi ile de
gorilmektedir.

Elbette, oturumlar arasindaki anahtar kelimelerin degisimi yalnizca
zithklarr iceren tariflemeler Gzerinden vyapilmamistir.  Ozellikle
potansiyel parametresinde belirtilen yalitim malzemesi ifadesinin
baglayici, cephe tasarimina ve kaplama malzemesinin dekoratif
Urinlere donidsim, Gglncl oturumdaki fiziksel Gretim streci sonunda
malzemenin potansiyellerinin daha iyi anlasildigina isaret etmektedir.
Yalnizca bir adet degisimin goruldigu sekillendirilebilir ifadesinin,
performatif parametresi altinda modilere dontsmesi ise, form
olusturma konusunda katilimcinin daha net bir karari oldugunu
gdstermektedir. Duygusal parametre altindaki glvenli, rahatlatic,
huzurlu ile performans parametre altindaki sirdurilebilir ifadelerinin
hicbir degisime ugramadan her iki oturumda da kullaniimis olmasi, bir
baska 6nemli bulgudur. Tim anahtar kelimeler incelendiginde ise,
duygusal parametrelerin en az sayida degisime ugramasi, katilimcilarin
kendilerinin tasarladiklari malzeme ile deneyim ve dokunma temelli
kurduklari bagin, YZ destekli tasarim asamasindan bicim Uretimine
kadar kuvvetli bir sekilde strdirilmesi olarak yorumlanabilir (Sekil 7).
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PARAMETRE OTURUM 1 OTURUM 3
Esnek|
$ekillendlrllebillr|
| Esnek Gilvenlll
I Yumugakl
Sekillendirilebilir Rahallatlcll
Duyusal I Dayanikii Yapiskan|
Estetik]
IGﬂvenIi Konforlu]
|Esteti Dokulu]
Huzurlu]
IYumugak Stirdiiriilebilir]
Performatif IRahatIahcl Yalitim Malzel;gegiIII
IYaplgkan Piirdiziiil
Hafifl
|Renai Dayanikiil
| Konfori enklil
onforit Kaplama Malzemesil
| Yalitim Malzemesi Ekonomik]
Duygusal IDogal Yenilikgill
1Dokulu
IHuzurlu
:Kaplama Malzemesi
. Anlamsal Piiriizli
Sekil 7: En sik kullanilan Istirdariilebilir
. . e . . IGevre Dostu
ifadelerin degisimi. 1Ekonomik
. Potansiyel IHeyecan
The changes in most used Isagiam
1
pharases. FEfastikc
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« Hafif

Diger taraftan, cogu katilimcinin, ilk oturumda deneyimleyerek Grettigi
malzeme alternatifleri arasindan karar verdigi malzeme recetesini,
ikinci oturumda YZ destekli tasarladigi formu lc¢ilinct oturumda fiziksel
olarak Uretme asamasinda degistirdigi gorilmustlr. Her ne kadar
malzeme recetesi degisiklige ugramissa da, bu degisiklikler buyuk
oranda performans ve potansiyel parametrelerinde belirtilen anahtar
kelimelerde  gerceklesmis; anlamsal, duyusal ve duygusal
parametrelerde belirtilen kelimelerde da sinirli sayida degisiklik
yapilmistir. Bu durum, katiimcilarin tasarladiklari formu fiziksel olarak
Uretebilme adina, malzeme recetesinde cesitli revizyonlar yapilmasina
ragmen, katilimcilarin malzeme ile olan ilk etkilesimi sirasinda bireylerin
deneyimi aracihgiyla algisal olarak yarattigi 6znel etkiyi kaybetmedigini
ortaya koymaktadir.

4. SONUC VE TARTISMA (CONCLUSION AND DISCUSSION)

Bu arastirma, tasarim sirecinde form Uretiminin yalnizca bicimsel ve
gorsel bir temsil olmaktan 6te, malzeme basta olmak Uzere cok sayida
algisal ve deneyimsel bilesenin bir arada ele alindigi etkilesimli bir
slrecle ortaya konuldugunu gostermistir. Calistay kapsaminda Uretilen
nesneler, onu malzeme ile tasarlayan bireylerin zihninin yansimasidir.
Bu anlamsal yansimalar, salt bicime dayanan goriinis ve gercekliklerin
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yani sira, tasarimcilarin bireysel duyulari ve duygulari ile baglantili
cagrisimlari da icermektedir. Bu baglamda, calistay slresince
gerceklestirilen malzeme ve YZ destekli tasarim sireci, tasarim nesnesi
ile tasarimci arasindaki etkilesim ve iletisiminin dnemini ortaya
koymustur. Bu etkilesimi belirleyen en temel olgu ise, malzemenin
maddesel 6zelliklerinden 6te, tasarimci bireylerin deneyimleri, algilama
bicimleri ve kavramsal yaklasimlari olmustur.

Bu cercevede, calistay ve calistayda elde edilen verilen analizi, tasarimci
adaylarinin ayni biyo-polimer baza eklemelerle elde ettikleri bireysel
tarifleri  kullanarak malzemenin duygusal, duyusal, anlamsal,
performatif ve potansiyel 6zelliklerini belirlemeleri ve bu 6zelliklerin
form tasarlama ve Uretme sirecindeki etkili roliint kesfetme yolundaki
deneyimlerini ortaya koymustur.

Diger taraftan, dijitallesmenin giindelik hayatin dogal bir parcasi oldugu
ginimizde tasarim egitimindeki 68retme ve 6grenme bigimlerinin
degismesi, yeni nesil 6grenme modellerinin gelistirilmesini zorunlu
kilmaktadir. Bu cercevede, calistay sagladigi enformel 6grenme ortami
ve bu ortamda gerceklestirilen deneyime dayali bireysel Uretim
siregleri ile yeni nesil YZ uygulamalarinin form tasarimi slrecine
entegrasyonu ile, tasarim disiplinlerinin 6zinde olan gesitli ortakliklar
ve birlikteliklere dair de referanslar icermektedir.

Farkli egitim dizeyi ve tasarim disiplinlerinden toplam 43 6grencinin
katiimi ile gerceklestirilen bu arastirma, farkli egitim alanlari ve
seviyelerinin karar verme sireclerindeki etkisini anlamak icin, gerek
sirdirulen gerekse de gelecekte gerceklestirilecek diger calismalar icin
de dnemli bir veri olugturmaktadir. Tasarimin 6lgek, malzeme, deneyim
ve Ogrenme bicimi gibi yaraticihg tetikledigi distnilen ozelliklerini
birlikte alan calisma, bu yoniyle de insan ve YZ konulu ¢alismalar icin de
faydali bir cerceve 6nerisi ortaya koymaktadir.
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Computational Design with Kurtbogaz: The Generation of
Timber Structures with an Aggregative Design Algorithm
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This paper investigates the form-finding capacity of the traditional timber-joint
construction method, Kurtbogaz, aiming to explore new architectural forms and
possibilities through computational design techniques to preserve vernacular
construction methods and integrate them into contemporary architecture. It
presents an Aggregative Design Algorithm (ADA) that creates different structures
based on designer rules and simple assembly rules of Kurtbogaz, leading to unique
emergent forms through random rule application. The paper also explores how
reinforcement learning, a type of machine learning, can improve this design
process through a theoretical framework. The study tries to use a rule-based
generative algorithm to explore the modular and reconfigurable characteristics of
the Kurtbogaz. The ADA enables random rule application, leading to diverse forms.
However, several challenges may be encountered during the application of ADA
because of its random aggregation, such as self-collision and boundary detection.
The study suggests using Reinforcement Learning (RL) in the ADA framework to
address these problems. Incorporating RL is anticipated to enable the algorithm to
adaptively learn and optimize the form-finding process, enhancing the
performance and applicability of the Kurtbogaz method in contemporary
architectural practice. In the future, with this generative process described by the
study, designs that create spatial differences with the help of walls, floors, and
rooms on a human scale can be realized. The study also plans to explore the
synergy between craftsmanship and digital fabrication in the future.

Keywords: Aggregative Design Algorithm, Traditional Architecture, Timber-
Joint System, Kurtbogaz, Reinforcement Learning.
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Bu makale, geleneksel ahsap gecme yapim yéntemi olan Kurtbogaz'in form bulma
kapasitesini arastirmakta ve bu yéntemi korumak ve cagdas mimariye entegre
etmek amaciyla hesaplamali tasarim teknikleri araciligiyla yeni mimari formlar ve
olasiliklar kesfetmeyi hedeflemektedir. Calisma, tasarimci tarafindan belirlenen
hareket kurallarina ve Kurtbogaz'in basit montaj kurallarina dayal olarak farkl
yapilar olusturan ve rastgele kural uygulamasi yoluyla éngorilemeyen formlar
ortaya clikaran Birlestirici Tasarim Algoritmasini sunar. Ayrica bu ¢alisma, bir tir
makine 6grenimi olan pekistirmeli 6grenmenin bu tasarim slrecini teorik bir
cercevede nasll iyilestirebilecegini arastirmaktadir.  Kurtbogaz'in moduler ve
yeniden yapilandirilabilir zellikleri Kurtbogaz’in form bulma kapasitesini incelemek
icin glcll bir temel saglamaktadir. Birlestirici Tasarim algoritmasi geleneksel
mimariyi hesaplamali tasarim ile yorumlamak suretiyle Kurtbogaz'in basit yapim-
montaj kurallari Gzerinden sayisiz kombinasyon olusturma potansiyelini gosterir.
Birlestirici Tasarim Algoritmasi, rastgele kural uygulamasini mimkdiin kilarak gesitli
bicimlerin olusmasini saglamaktadir. Ancak, Birlestirici Tasarim Algoritmasi’nin
rastgele birlestirme nedeniyle uygulanmasinda bloklarin Ust Gste ¢arpismasi ya da
sinirlar icinde kalma gibi ¢esitli zorluklarla karsilasilabilir. Bu zorluklarin Ustesinden
gelmek icin, bu calisma Birlestirici Tasarim Algoritmasi cergevesine Pekistirmeli
Ogrenme’nin (PO) teorik entegrasyonunu 6nermektedir. PO’niin entegrasyonu,
algoritmanin form bulma sirecini uyarlamal olarak 6grenmesini ve optimize
etmesini saglayarak, Kurtbogaz yénteminin performansini ve uygulanabilirligini
cagdas mimari pratikler baglaminda artirabilir. Sonug olarak ¢alisma Kurtbogaz’'in
algoritmik kural tabanli bir mantik icerisinde form bulma yetenegini onun temel
ozelliklerini kesfederek incelemekte ve PO ile desteklenen bir tasarim sireci
gelistirmektedir.

Anahtar Kelimeler: Birlestirici Tasarim Algoritmasi, Geleneksel Mimari, Ahsap-
Gecme Yapim Sistemi, Kurtbogaz, Pekistirmeli Ogrenme
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Figure 1: On the left: Kuma’s

Pavilion in Paris (Morby, 2015).

237

Figure 2: On the right:
Zumthor’s Swiss Pavilion
(Juergen, 2000).

1. INTRODUCTION

Knowledge embedded in traditional architecture and construction
methods persists through generations by enhancing regional expertise.
This expertise, refined and passed down over time, has been tested in
various conditions (Golden, 2017). However, traditional methods face
challenges in the contemporary world due to the decline of master
builders and the growing preference for new construction techniques.
Additionaly, buildings constructed with traditional methods are
vanishing due to neglect and modification. Traditional timber
construction methods offer substantial potential for modularity,
demountability and reconfigurability. There are many contemporary
architects who get inspired by traditional architecture and use local
materials and construction methods in their designs. For instance,
Kengo Kuma (Figure 1) interpreted Japanese traditional methods of
timber for his Pavilion in Paris. In the Swiss Sound Pavilion (Figure 2)
Peter Zumthor’s designs merge contemporary architecture with local
materials and methods.

In this context, this paper integrates traditional construction methods
into contemporary architecture via computational medium. Traditional
construction methods have a particular set of rules to generate building
elements. The study focuses on how traditional construction methods,
specifically the Kurtbogaz, can produce emergent forms using
computational medium. In this regard, the study presents an
Aggregative Design Algorithm (ADA) which is a rule-based generative
algorithm with a combinatorial logic, to study form-finding capacity of
the Kurtbogaz. The Kurtbogaz has modular and reconfigurable
properties and a potential for generating many combinations with
simple assembly rules. Thus, for the form-finding algorithm ADA, one
of the timber-joint system, Kurtbogaz was selected as a design case.
Since ADA works with a combinatorial logic and depended on the

Computational Design with Kurtbogaz: The Generation of Timber Structures with an Aggregative Design Algorithm



geometric calculations decided by the designer, different polyhedral
geometries that are finite and discrete may be also used in this
algorithm. In this context, the methodology of the study can be Figure 3: The methodology of

A the study.
followed in Figure 3. y
LITERATURE PROBLEM ALGORITMIC FORM-FINDING
REVIEW —)I DENEICATI ON—’ DEVEI.OPMENT—’ PROCESS ———EVALUATION ——) DISCUSSION ——— CONCLUSION
Design problem Design generative A;:\p:lrya:‘lz Asses the Interpret results
and algorithm - ogﬂe( ik effectiveness of the and discuss
constraints gthe identified design solutions implication of RL
design
problem

2. COMPUTATIONAL TIMBER

Traditional architecture, which integrates natural elements, forms, and
materials, can be an important model for modern architectural
practices. Current approaches that engage with traditional architecture
seek to understand and incorporate local values and experiences into
contemporary designs. This approach actively values and preserves
landscape and structural heritage. Innovative designs can be realized
using existing technology, skills, and structures (Creanga et al., 2010).

While wood is one of the oldest construction materials, recent
innovations in production techniques and design tools have introduced
new formal, aesthetic, and structural possibilities, expanding its range
of applications (Bianconi and Filippucci, 2019).

There are various studies which digital and parametrical models were
used to control the geometry, assess the structural design, and help the
management of wooden pieces’ production, classification, and
assembly. Digitalize the process means to gain a better control over
each phase and procedures, transferring the earlier ideas and sketches
into an engineered knowledge (Kuma et al., 2019).

For instance, Kuma et al. (2019) introduced KODAMA, a sophisticated
wooden structure that forms a "porous sphere" (a polyhedron)
constructed from a single type of wood section, assembled without the
use of nails or screws. The design, development, and construction
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processes were iterative, involving a balance of theoretical validation
and computational experimentation to optimize the wooden elements,
their dimensions, the choice of material, the connections, and,
ultimately, the mechanical performance and overall impact of the
structure. The wooden facade of the Japan Pavilion at EXPO Milano
2015- Wooden Byobu, designed by Atsushi Kitagawara Architects,
exemplifies a digitally crafted wood structure assembled without
screws or nails, utilizing a "compressive-tension" effect. This concept
draws inspiration from traditional Japanese woodworking techniques
and the craftsmanship of intricate wooden toys. The design process
reimagines the tradition of Japanese wooden construction, exploring
geometries, spatiality, and the interplay of light and shadow, starting
from small-scale physical models (Kitagawara et al., 2019).

A comprehensive review by Ottenhaus et al. (2023) presents studies on
design principles that promote adaptability in timber buildings through
design for disassembly and reuse. They also examine reversible timber
connection systems that facilitate adaptability and disassembly. Hua et
al. (2022) points out the knowledge embedded in the old modular
structures and gets inspired by the East Asian timber architecture to
produce re-configurable, modular timber frame with a scheme for re-
using of timber elemets for another structure. Adel et al. (2018)
concentrate on methods for designing non-standard timber frame
structures, facilitated through united multi-robotic fabrication at the
building scale. Osterlund and Wikar (2019) presents various case
studies representing non-linear, fluid timber structures with their
compution and fabrication processes. Retsin (2019, p.8), introduces
discrete architecture and “computational parts” along with the
physical, material and economic features of this paradigm. Although
discrete architecture does not specifically focus on timber structures,
the logic of traditional timber interlocking structures to create a whole
from parts can highlight discrete architecture to digitise traditional
timber structures. Xu et al. (2023) explores computational design and
the shape grammars to create flexible timber architecture with
Mortise-tenon joints, re-imagining Chinese timber frames for modern
architecture.

This study focuses on traditional timber-joint method, Kurtbogaz, which
we see instances of in Turkey's traditional architecture and tries to
compute the features of this joint system to produce various spatial
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volumes for modern architecture. By focusing on a local and
disappearing case, the study tries to mould it into a discrete design
system. In this regard, this study, especially inspired by the works of
KODAMA (Kuma et al., 2019) and Wooden Byobu (Kitagawara et al.,
2019), aims to produce complex geometries from discrete simple parts
of Kurtbogaz, while trying to create an open algorithmic flow in which
machine learning can be integrated in the future, trying to control
geometry with computational tools in wooden architecture and trying
to contribute to the literature in search of emergent forms.

3. THE KURTBOGAZ

In the Eastern and Central Black Sea Region, geographical conditions
have necessitated the development of construction technology based
on local materials (Akbas, 2019). The primary building material in the
region is wood. Wooden masonry structures can be easily dismantled
and reassembled in another location if needed (Tuna, 2008). The
wooden construction culture has been passed down through
generations via the master-apprentice relationship (Akbas, 2019). The
wooden masonry structures in the region can be made directly from
logs or from logs that have been processed into lumber. These
structures are assembled by fitting the wood together at specially
prepared joints at the corners. The notches prepared at the corners to
tightly hold the wood together are called "bogaz." The process of
stacking wooden blocks on top of each other to align with these
notches is known as "gecme." The wooden pieces that are joined
together at these joints do not come apart (Tuna, 2008). In these
wooden masonry structures, which are anchored to the ground using
different foundational techniques, the walls constructed by stacking
wood on top of each other are load-bearing (Akbas, 2019). According
to Tuna (2008), there are different names for the jointing methods
depending on the physical dimensions and craftsmanship of the
wooden block used:

Karabogaz: This jointing method uses wood in log form.

Kurtbogaz: In this method, the logs that will form the solid walls are
processed into smooth lumber, and the joints are crafted precisely and
uniformly. Since the interlocking process is done correctly in the
Kurtbogaz method, there are no gaps in the wall, and no plastering is
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required. This method, commonly seen in the Black Sea Region, is
utilized in the "wooden masonry wall" system (Akbas and Ozcan, 2008).
Calmabogaz: When wooden blocks are not of the desired size, shorter
pieces are joined together with the help of posts. The Calmabogaz
technique is mostly used for partitioning interior spaces (Orhan and
Cavus, 2019).

In this study, the Kurtbogaz method, which is frequently used in the
local wooden masonry architecture of the Black Sea Region, is chosen.
It is more sophisticated than the Karabogaz method, more suitable for
single-piece construction and scaling than the Calmabogaz method,
and simpler than other jointing methods (such as mortise-and-tenon).
It requires no plastering and leaves no gaps on the facade. The study
will explore the potential of this method to produce different forms
through a more minimal interpretation, leveraging its nature of being
constructed by stacking layers.

To summarize, Kurtbogaz is a technique can be seen in traditional
Turkish timber craftsmanship where building elements are interlocked
into eachother in a specific way without nails. Interlocking system
without nails and the form of the timber elements make Kurtbogaz
adaptable, easily assembled and disassembled. Thus, Kurtbogaz is a
modular construction method and facilitates the reuse or recycling of
materials by allowing easily disassembly and separation of the building
elements. Kurtbogaz may be applied in different contexts due to its
modularity and the elements of the system can be reused without
extensive demolition and reconstruction. This study tries to use the
Kurtbogaz method to produce integrated building elements and
enclose a single-volumetric space. ADA has a system where structural
elements are created by stacking or layering components on top of
each other. Therefore, it is suitable for the design of masonry
structures. The modular nature and stacked construction method of
Kurtbogaz make it well-suited for ADA.

Computational Design with Kurtbogaz: The Generation of Timber Structures with an Aggregative Design Algorithm



Figure 4: Kurtbogaz detail of an
ambar (Ozgliner, 2018).

The Kurtbogaz is used on the walls of the ambar, houses, mosques and
watermills (Figure 4). There are different dimensions about the
construction of Kurtbogaz in the literature. While the thickness of the
wood to be used varies between 2-10 cm, the protrusion distances of
the wooden pieces from the corner points vary between 15-50 cm
(Ozgiiner, 2018; Sézen and Eruzun, 1992; Akbas, 2015). Additionally,
Akbas (2015) states that if there is a gap of 1.5 cm at the joints, we can
ensure the the system's strength.
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The study develops its building blocks by incorporating reference
measurements. It designs building blocks that are 18 cm wide, 66 cm
long, and 9 cm thick. The blocks are half-filled and half-empty at the
joints, with four joint connections featuring two half-filled and two half-
empty points. The half-empty parts merge with the half-filled parts,
creating a more secure lock due to the 1.5 cm gaps in the filled sections.
These dimensions become important when defining connection points
and movement rules, as they determine how much the blocks can be
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moved. When different dimensions are applied, the movement rules
should be adjusted according to the new dimensions (see other trials).
The study designs and models these Kurtbogaz building blocks using
Rhino software (Figure 5).

3. AGGREGATIVE DESIGN ALGORITHM FOR KURTBOGAZ

In this paper, a selected traditional timber-joint construction method,
the Kurtbogaz, will be reinterpreted in a rule-based generative
computational process, which is called the Aggregative Design
Algorithm (ADA), to produce a variety of architectural forms. ADA
exhibits properties of infinite, fluid, and diffuse growth, capable of
working with finite and discrete geometric volumes.

The development of the algorithm is empirical, involving numerous
trials and experiments to organize the algorithmic flow. The authors
benefit from the recursive function techniques of the Plethora Project’s
(Url-2) and Danil Nagy’s (Url-3) code. In addition, the authors overview
approaches of Danil Nagy’s (Url-3) and Jake Hebbert’s (Url-4, Url-5)
code for using the Random module. However, ADA integrates
knowledge from these references with its techniques to offer a novel
solution for Kurtbogaz. The designer determines the types of
connections and action rules based on the geometric volume's
structure and its aggregation method. ADA randomly selects a
connection type and an action rule in each iteration, resulting in
different and unique combinations. These selections are made through
a recursive function, causing the number of geometric volumes to
increase with each iteration.

Aggregate Design Algorithm (ADA) is a Python-based class structure.
There are various platforms for architects to create modular
aggregations of discrete units, such as WASP (Rossi and Tessman, 2017)
and Monoceros (Url-1). Monoceros utilizes Wave Function Collapse
algorithm to generate wholes from smaller units and WASP uses
iterative user-defined rules for geometric operations to create
assemblies. The ADA got inspired WASP, but it is specifically designed
for design explorations of simple timber-joint systems, such as
Kurtbogaz. It is a custom algorithmic process that tries to compute a
construction technique that is based on manual labour and manpower.
Since the rules of Kurtbogaz, user-defined connection rules and
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Figure 6: On the left: The
connection types designed by
the authors; on the right: a
large aggregation.

geometric calculations are printed as an output, the working system of
ADA is very open and easy to grasp. Because of printing the outputs of
the design process, it is also suitable for reinforcement learning reward-
punishment calculations. In the future studies, the authors will try to
integrage reinforcement learning into this process.

The study develops the ADA using the GhPython component in
Rhino/Grasshopper (Figure 8). The study begins by defining the input
values of the GhPython component for ADA. The first one is the
geometric volume “blockdouble” selected by the designer. For this
study, the geometric volume is a four-joint kurtbogaz building block,
but ADA is an algorithm that can work with more than one geometric
volume. Second, it defines “numbers_of ConnectionTypes” to control
the number of connection types. This input value is the number of
iterations set by the designer. As the number value changes, the
number of building blocks of the aggregation increases or decreases.
Finally, the study defines “seed” to create a different aggregation
combination for each number change. In this input value, each “seed”
number value represents a different aggregation combination. (Figure
6).

L b 2
- <
-
r S
CONNECTION TYPE 1 CONNECTION TYPE 2
3 4
. 5
L v\
« )
CONNECTION TYPE 3 CONNECTION TYPE 4

In the pseduocode of ADA (Figure 7), The Aggregative class starts with
basic functions to handle surfaces (e.g., exploding surfaces, getting
centroids, duplicating borders). FromCopytoOrient function handles
the creation and orientation of copies of Kurtbogaz blocks based on
certain surface indices, which are passed as arguments.
LoopAggregation is a recursive function which aggregates the
Kurtbogaz blocks defined by connection types, applies transformations,
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and updates the brep list. It uses a combination of copying, orienting,
and moving objects in 3D space. Finally, the Main Execution initializes
variables, creates an instance of Aggregative, and processes the
LoopAggregation to form the final output.

Figure 7: The pseduocode of

ADA.

import rhinoscriptsyntax, random
class Aggregative():
Initialize with an optional general_rules_list
Function explodeSurface(brep):
Explode brep into PolySrf
Return PolySrf
Function centerPoint (brep):
Get the surface at given index from explodeSurface(brep)
Get the centroid of the surface
Return the centroid point
Function surfaceBorderLines (brep):
Get the surface at given index from explodeSurface(brep)
Duplicate its border and explode into curves
Return the relevant curve
Function midPoint(index, brep):
Get the curve from surfaceBorderLines(brep)
Get and return the midpoint of the curve
Function onlyCopy(brep):
Copy the brep object
Return the copied object
Function fromCopytoOrient(brep, index_pairs):
Initialize an empty list
For each pair of indices in index_pairs:
Get the center point and midpoint for each index
Store the points in a list
Create a copy of brep
Orient copies using these point pairs
Append the copies and oriented objects to the list
Return the list

If repeated_number > 0:
Set vector to (number_x, number_y, number_z)#determines the rules for moving
Create and move geometry objects from multiple ‘fromCopytoOrient’ calls
Store these geometries in rulesGeometry
Select a random geometry and update brepList
Determine next move based on a random action value
Print rulesGeometryList and rulesMovingList
Recursively call loopAggregation with updated parameters
Main Execution:

Initialize blockList and position variables

Seed the random generator

Create an Aggregative instance

Call loopAggregation and append result to blockList

Function loopAggregation(brep, breplist, repeated_number, number_x, number_y, number_z):

Extract general rules into ListConnectionTypesNames and ListActionRules from general_rules_list

ADA can be applied to all finite and discrete geometric volumes. It
iteratively aggregates geometric volumes by performing the required
computations. The study evaluates ADA in three stages. The first one is
the formal calculation of geometric volumes to create connection
types. The designer determines the appropriate surfaces, the necessary
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edges and points of these surfaces with the help of ADA to create
connection types according to the characteristics of the geometric
volumes. ADA manipulates the geometric volumes with these
descriptions. This study performs these operations on a single
Kurtbogaz building block. The second stage is the creation of
connection types. In this stage, the designer decides on the various
connection types of the geometric volumes with different orientation
actions, which is done by ADA's connection type generation method.
This study has four connection types for the Kurtbogaz building block.
The final stage is the iteration and aggregation of the geometric
volumes. At this stage, ADA uses a function method that calls itself. This
method contains the previously defined connection types and the
action rules that allow movement in the designer's x, y, and z directions.
In the study, for the Kurtbogaz building block, the designer decides the
action rules to eight. The method randomly selects a new connection
type and action rule at each iteration. In this study, each random
selection adds three Kurtbogaz building blocks to the aggregation. This
process results in aggregation blocks.

3.1 Form Generations without a Boundary

Each unique ADA seed value produces a distinct combination of
randomly selected connection types and action rules. In the initial
experiment, the study aims to compare these Kurtbogaz structures to
illustrate their differences. By changing the seed value, various
combinations of connection types and action rules are tested (Figure
9). The study also investigates the generation potential of ADA with
different geometric volumes. The second experiment uses a standard
geometric volume, the cube. The third experiment tests a different
timber joint method, mortise and tenon. In both experiments, the study
makes one hundred generations with seed values from one to one
hundred and evaluates ten of these one hundred generations. The
results show that, similar to the Kurtbogaz building block, ADA can
create different combinations with different seed values by making
random selections. The ability to generate similar outcomes using both
a standard geometric volume and a different timber joint method, as
interpreted by a designer, demonstrates that ADA can work
harmoniously with finite and discrete geometric volumes.

Computational Design with Kurtbogaz: The Generation of Timber Structures with an Aggregative Design Algorithm
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3.2 Form Generations within a Boundary

In this experiment, the operation of the ADA within certain volumetric  Figure 8: Aggregative Design
boundaries was tested. The study shows the effect of each different  Process

number of ADA seed values on the form-finding process and tries seed

values from one to one hundred (Figure 10, top). It uses a total of five

different exterior and interior boundaries (Figure 10). In the various

experiments with different geometric volumes, ADA randomly selects

connection types and action rules at each iteration, completing all

experiments in five hundred iterations. In the Grasshopper algorithm,

the study operates various post-operations for ADA to fit aggregated

forms within certain volumetric boundaries. In another experiment
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Figure 9: ADA generations
without booundary.

(Figure 10, bottom), the authors present the five examples of the seed
value:90. The number of connection types are "50", "100", "150",
200", "250", "300", "350", "400", "450" and "500". The counterparts
of these numbers in terms of building block numbers are "150", "300",
"450", "600", "750", "900", "1050", "1200", "1350" and "1500". The
randomly aggregated forms generated by ADA fit within certain
boundaries by geometric post-operations performed in the
Grasshopper. Since ADA chooses connection types and action rules
randomly and geometric boundaries are fixed in this random growth,
volumetric boundaries may not always cover adequate building blocks.
As the authors will mention in the discussion section, this issue can be
solved by adjustments to the Grasshopper interface or the random
selection nature of ADA. However, in this study, a theoretical
framework with RL is discussed to solve the aggregation issue within a
given boundary.

To sum, ADA can generate an infinite and unorganized generative
process using Kurtbogaz building blocks, with each aggregated form
being unique. While some generations undergo a highly disorganized
diffusion process, others follow a cumulative one. The study also
explores the form-finding process with ADA for various exterior and
interior boundaries. Due to ADA’s random selection, it is challenging to
use the building blocks efficiently within certain boundaries, often
leading to many blocks aggregating outside the exterior boundary and
thus not participating in the form-finding process. Additionally, the
generated forms may encounter collisions, self-intersections, or
assembly problems. The results indicate that, despite different exterior
and interior boundaries, similar patterns of increases and decreases in
the number of building blocks are observed every fifty iterations.
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SEED: 6 SEED: 9 SEED: 16 SEED: 20 SEED: 25

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
CONNECTION TYPES: 500 CONNECTION TYPES: 500 | CONNECTION TYPES: 500 | CONNECTION TYPES: 500 | CONNECTION TYPES: 500

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500

SEED: 27 SEED: 31 SEED: 37 SEED: 41 SEED: 56

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
CONNECTION TYPES: 500 CONNECTION TYPES: 500 CONNECTION TYPES: 500 CONNECTION TYPES: 500 CONNECTION TYPES: 500

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500

SEED: 60 SEED: 65 SEED: 66 SEED: 71 SEED: 74

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
CONNECTION TYPES: 500 CONNECTION TYPES: 500 CONNECTION TYPES: 500 CONNECTION TYPES: 500 CONNECTION TYPES: 500

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500

SEED: 75 SEED: 84 SEED: 90 SEED: 96 SEED: 100

NUMBER OF NUMBER OF NUMBER OF NUMBER OF NUMBER OF
CONNECTION TYPES: 500 CONNECTION TYPES: 500 | CONNECTION TYPES: 500 | CONNECTION TYPES: 500 | cONNECTION TYPES: 500

NUMBER OF NUMBER OF NUMBER OF NUMBER OF

BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 BUILDING BLOCKS: 1500 NUMBEeOF

BUILDING BLOCKS: 1500
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4. DISCUSSION

In the process of ADA’s generations, designer defines the connection
types and action rules, and ADA randomly chooses these two main
parameters. Thus, ADA’s randomization of connection types and action
rules leads to infinite and unorganized generations. Self collision and
the number of parts to form a space within the specified boundaries
(usable block number) are two of the important problems of efficiency.
In form generation processes where boundaries are not defined (Figure
9), it was calculated that 25-45% of the parts in the resulting
aggregative forms self-collided. The self-collision rates in parts with
seed numbers 56, 71, and 84 are lower compared to the others. While
there is vertical and linear growth in seed 56, there is horizontal and
linear growth in seed 84. In seed 71, linear growth occurs in four
directions: left, right, up, and down. In similar forms like seed 9 and
seed 16, it is observed that in formations where the direction of linear
and form flow changes, such as in seed 9, the number of repeating parts
is lower.

When specific internal and external boundaries are introduced in form
generation to achieve spatial differentiation (Figure 10, top and
bottom), the issue of unused parts remaining outside the boundaries
arises. When different combinations are produced with different seed
numbers to examine the percentages of unusable building blocks
outside the exterior boundary (Figure 10, top), it was calculated that
40-80% of the parts remain outside the exterior boundary in cube-
prism and deformed cube 1 and 2. This rate increases in pyramid forms
that narrow in a specific direction. Looking at the increasing number of
parts within the same seed number, it was also calculated that more
parts remain outside the boundary in the pyramid compared to other
spatial limits (Figure 10, bottom). When looking at the number of parts
used to enclose the space and serve as the shell of the volume, no
significant difference was observed among the various formal
boundaries, although it was slightly lower in the pyramid form. These
problems in ADA can cause weaknesses in ensuring spatial closure or in
the structural integrity of the form. These issues can be resolved by
imposing constraints on ADA's random rule selections. However, in this
study, instead of solving these problems through adjustments in the
algorithm, to solve these challenges, the study offers the theoretical
framework of Reinforcement Learning (RL)-supported ADA. The RL-
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Figure 10: On the top: different
seed value generations within
different boundaries; on the
bottom: increasing number of
blocks within the same seed
value.

Several form-finding trials demonstrate that ADA has significant
potential to generate diverse combinations by randomly selecting
connection types and action rules. However, because of the random
aggregative process, the ADA process encounters design issues such as
self-collision. Additionally, while the study conducts form-finding
processes with the Kurtbogaz building block within boundaries, ADA's
infinite and unorganized nature due to its random selections prevents
the efficient use of the building blocks. To address these problems,
designers can intervene to the process in several ways. For instance,
they can modify ADA by evaluating and editing the generated forms,
such as by making manual additions and deletions. Adding checking
algorithms to detect and correct self-collision issues can also be
effective. Optimization methods can be tested for boundary detection,
and alternative design scenarios can be created to handle collisions and
adjust generations accordingly. Additionally, structural issues can be
addressed by testing with structural analysis tools. On the other hand,
the machine learning (ML) algorithms, which have been included in
Generative Design (GD) in recent years, can help the designer and
maximize the generative potential of ADA. This study proposes a
theoretical framework for supporting ADA with reinforcement learning
(RL) algorithms, one of the ML methods.

In parallel with the rapid developments in machine learning, the
integration of reinforcement learning algorithms into generative design
has also accelerated. Wang and Snooks (2021) aim to exploit the
generative potential of reinforcement learning by interpreting the
spatial and structural system of Le Corbusier's Domino in a new form
using a Random Walk model. In their three-dimensional study, Lye and
Andrasek (2021) suggest using reinforcement learning algorithms to
find complex and high-performance combinations of connection states
of discrete components. Huang (2021) tries to combine complex
geometries with reinforcement learning. The three-dimensional study
uses waste plastic chips. Wibranek et al. (2021) focus on the problem
of finding the arrangement of blocks in a sequence that can relate to
different combinations. The study arranges the sequence along a given
curve and utilizes SL Blocks. Reinforcement Learning-based generative
models can work in 2-dimensions and develop plans or elevation
proposals.
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In the future studies, this paper aims to achieve three objectives by
offering a Reinforcement Learning (RL)-supported framework. First, it
seeks to produce optimal results using the identified outer and interior
boundaries. Second, it aims to address the issues caused by the
Aggregative Design Algorithm's (ADA) random selection of connection
types and action rules. Third, it intends to integrate an autonomous
design process into generative design by leveraging RL's intelligent,
intuitive, and predictive nature. The RL-supported framework can
enhance ADA's capabilities through autonomous processes and solve
its design problems by evaluating observations and selecting the best
actions. Accordingly, the framework can conduct the form-finding
process with ADA within set boundaries using rewards and
punishments and correctly aggregating building blocks.

5. CONCLUSION

This study evaluates the traditional timber joint method, Kurtbogaz,
using computational tools to link traditional and contemporary
architecture. By examining the Kurtbogaz’'s key features and presenting
its form-finding capabilities within an algorithmic rule-based logic, the
paper develops a generative design process enhanced by machine
learning theoretically.

While several trials have shown ADA's ability to generate diverse
aggragations through random selections, they have also highlighted
design issues such as self-collision. Additionally, ADA's infinite and
unorganized nature has led to inefficient use of building blocks within
set boundaries. To address these, in the future studies, the study
proposes evaluating ADA within a theoretical framework supported by
reinforcement learning (RL) algorithms. The RL-supported theoretical
framework has three objectives: first, to achieve an efficient form-
finding process within defined external and internal boundaries;
second, to resolve ADA's inherent design issues; and third, to establish
an autonomous generative process that aids the designer.

The study outlines how RL can theoretically support this generative
process to create a more autonomous and optimized system. It
holistically integrates building parts with the Kurtbogaz construction
method, exploring its potential as a modular and contemporary
approach. By describing this traditional method within an RL-supported
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autonomous framework, the study combines historical knowledge with
computational design tools to develop contemporary and sustainable
architectural solutions, preserving traditional construction methods
while fostering emergent forms.

Conflict of Interest Statement

The manuscript sent has not been presented at any meeting before. The
manuscript is entitled “Computational Design with Kurtbogaz: The
Generation of Timber Structures with an Aggregative Design Algorithm”
has not been published elsewhere and that it has not been submitted
simultaneously for publication elsewhere.

Author Contribution

This study is based on the master thesis entitled " THE GENERATION OF
TIMBER-JOINT STRUCTURES WITH AN AGGREGATIVE DESIGN ALGORITHM"
by ilay Beylun Ertan under the supervision of Assist. Prof. Dr. Pinar Calisir
Adem (Yeditepe University Graduate School of Natural and Applied
Sciences, Dept. of Architecture, Istanbul, Turkey, 2024). The second author
contributed as a guiding and supervising expert in the scientific and
editorial process of the paper. The computational work and algorithms in
the paper were implemented and analysed by the first author.

References

Adel, A., Thoma, A., Helmreich, M. & Gramazio, F. (2018). Design of Robotically
Fabricated Timber Frame Structures, In Ed.: Anzalone, Phillip, Del
Signore, Marcella John Wit, Andrew, Proceedings of the 38th Annual
Conference of the Association for Computer Aided Design in
Architecture (pp. 394-403), Universidad Iberoamericana, Mexico City.

Akbas, G. (2015). Geleneksel Yapim Teknikleri ve Mekan iliskisi: Uzungél ve
Taskiran Ornekleri. (Master’s Thesis, Atilim University).

Akbas, G. (2019). Vernakiiler Mimaride Sureklilik ve Kurtbogaz Teknigi iliskisi.
In Ergetin, A., Aydemir, D. (Eds. ), Gelecegin Diinyasinda Bilimsel ve
Mesleki Calismalar 2019: Mimarlik ve Tasarim, (1-10). Ekin Basim
Yayin Dagitim.

Akbas, G., Ozcan, Z. (2018). Yapim teknigi farkhiliklarinin mekana yansimasi:
Uzungol ve Taskiran érnegi. ATA Planlama Ve Tasarim Dergisi, 2(2),

Computational Design with Kurtbogaz: The Generation of Timber Structures with an Aggregative Design Algorithm



47-58.
https://dergipark.org.tr/tr/pub/ataplanlamavetasarim/issue/41536/

471228

Bianconi, F., Filippucci, M. (2019). Digital Wood Design. Lecture Notes in Civil
Engineering (24). Springer Nature. https://doi.org/10.1007/978-3-
030-03676-8 51

Creanga, E., Ciotoiu, I., Gheorghiu, D., Nash, G. (2010). Vernacular architecture
as a model for contemporary design. WIT Transactions on Ecology
and the Environment, 128, 157-71.
https://www.researchgate.net/publication/271438016 Vernacular
architecture as a model for contemporary design

Golden, EM. (2017). Building from tradition: local materials and methods in
contemporary architecture. Routledge.

Hebbert, J. (2013, September 17). NOC Python Grasshopper: 01 [Video].
YouTube. https://www.youtube.com/watch?v=Kyi K85Gsm4

Hebbert, J. (2013, September 17). NOC Python Grasshopper: 02 [Video].
YouTube. https://www.youtube.com/watch?v=FnBKISOPRAE&t=11s

Hua, H., Hovestadt, L. & Li, B. (2022). Reconfigurable Modular System of
Prefabricated Timber Grids. Computer-Aided Design, 146, May 2022,
2-13. https://doi.org/10.1016/j.cad.2022.103230.

Huang, CH. (2021, March). Reinforcement Learning for Architectural Design-
Build: Opportunity of Machine Learning in a Material-informed
Circular Design Strategy. In Proceedings of the CAADRIA [Volume. 1].
pp: 171-180.

Juergen, G. (2000). Swiss Sound Pavilion. zumthor.bjorkan. Retrieved 2024,
June 6. https://zumthor.bjorkan.no/project/pavilion/

Kuma, K., Imperadori, M., Clozza, M., Hirano, T., Vanossi, A., & Brunone, F.
(2019). KODAMA: A polyhedron sculpture in the forest at Arte Sella:
Innovative techniques of representation in architectural design.
http://dx.doi.org/10.1007/978-3-030-03676-8 51

Kitagawara, A. & Imperadori, M. & Kuwabara, R. & Brunone, F. & Matsukawa,
M. (2019). Wooden Byobu. From Architectural Facade to Sculpture:
Innovative Techniques of Representation in Architectural Design.
http://dx.doi.org/10.1007/978-3-030-03676-8 52

256

JCoDe | Vol 5 No 2 | September 2024 | New Epochs in Digital Craftmanship | Ertan, i. B., Calisir Adem, P.



257

Lye, J., Andrasek, A. (2021). Machine Learning Combinatorial Frameworks for
Architecture. International Journal of Innovation and Economic
Development, 7(2), 20-29. https://doi.org/10.18775/ijied.1849-7551-
7020.2015.72.2002.

Monoceros. (2021). Monoceros. Retrieved September 2, 2024, from
https://monoceros.sub.digital/

Morby, A. (2015, October 20). Kengo kuma installs climbable wooden pavilion
in  Paris  park. Dezeen. Retrieved 2024, June 6,
https://www.dezeen.com/2015/10/20/kengo-kuma-installs-
climbable-wooden-yure-pavilion-jardins-des-tuileries-paris-fiac/

Nagy, D. (2014, March 2). Python scripting in Grasshopper — Scripting form
(2/2) [Video]. YouTube.
https://www.youtube.com/watch?v=Za5qPUeb0OMo

Osterlund, T., & Wikar, M. (2019). Freeform timber structures: Digital design
and fabrication. In M. Hudert & S. Pfeiffer (Eds.), Rethinking wood:
Future dimensions of timber assembly (pp. 133-150). Birkhauser.

Ottenhaus, L. M., Yan, Z., Brandner, R., Leardini, P., Fink, G., & Jockwer, R.
(2023). Design for adaptability, disassembly and reuse: A review of
reversible timber connection systems. Construction and Building
Materials, 400 (2023), 2-16.
https://doi.org/10.1016/j.conbuildmat.2023.132823

Orhan, F., Cavus, A. (2019). Artvin ilindeki geleneksel kirsal mesken mimarisine
bir 6rnek: ahsap yigma evler. 1st istanbul International Geography
Congress Proceedings. Istanbul University Press.
https://doi.org/10.26650/PB/PS12.2019.002.042

Ozgliner, 0. (2018). Kéyde mimari dogu karadeniz. Dergah Yayinlari.

Plethora Project. (2013, May 22). PYTHON in Grasshopper 02: Recursive
aggregation [Video]. YouTube.
https://www.youtube.com/watch?v=374YVCOk02k

Retsin, G. (2019). Discrete architecture in the age of automation. In G. Retsin
(Ed.), Discrete: Reappraising the digital in architecture. Architectural
Design, 89(2), 7-13. John Wiley & Sons.

Rossi, A., & Tessmann, O. (2017). Designing with digital materials: A
computational framework for discrete assembly design. In P. Janssen,
P. Loh, A. Raonic, & M. A. Schnabel (Eds.), Protocols, flows and
glitches: Proceedings of the 22nd Conference of The Association for

Computational Design with Kurtbogaz: The Generation of Timber Structures with an Aggregative Design Algorithm



Computer-Aided Architectural Design Research in Asia (CAADRIA).
Hong Kong.

Sozen, M., Eruzun, C. (1992). Anadolu’da ev ve insan. Emlak Bankasi & Creative
Yayincilik.

Tuna, C. (2008). Orta Karedeniz Bélgesi Sahil Kesiminde Geleneksel Mimari.
Arkeoloji ve Sanat Yayinlari.

Wang, D., Snooks, R. (2021). Artificial intuitions of generative design: an
approach based on reinforcement learning. In Proceedings of the
2020 DigitalFUTURES: The 2nd International Conference on
Computational Design and Robotic Fabrication (CDRF 2020). pp: 189-
198. Springer Singapore.

Wibranek, B., Liu, Y., Funk, N., Belousov, B., Peters, J., Tessmann, O. (2021).
Reinforcement learning for sequential assembly of SL-blocks-self-
interlocking combinatorial design based on machine learning. In
Proceedings of the 39th eCAADe Conference [Volume. 1] (pp: 27-36).

Xu, Q., Teixeira, F. F., & Shafiei, M. (2023). Frameworks in flexible timber design
systems combining mortise-tenon joints and discrete timber blocks.
In W. Dokonal, U. Hirschberg, & G. Wurzer (Eds.), Proceedings of the
41st Conference on Education and Research in Computer Aided
Architectural Design in Europe, Volume 1 — Digital Design
Reconsidered (pp. 283-292), Graz University of Technology.
https://doi.org/10.52842/conf.ecaade.2023.1.283

258

JCoDe | Vol 5 No 2 | September 2024 | New Epochs in Digital Craftmanship | Ertan, i. B., Calisir Adem, P.



Assessment of an Agent’s Wayfinding of the Urban
Environment Through Reinforcement Learning

Mahad Mohamed Elhadi Imhemed?, Can Uzun?

ORCID NO: 0009-0007-8697-1535", 0000-0002-4373-97322

12 Altinbag University, Graduate School of Science and Engineering, Department of
Architecture, Istanbul, Tirkiye.

This simulation study explores wayfinding motivated behavioral patterns in the city
through agent-based modelling. Agents were trained using Unity’s ML-Agents
toolkit with reinforcement learning. The study uses the Sultan Ahmet Mosque and
its surrounding boundary as a model environment for the training of an agent’s
wayfinding. Agents are trained to locate the Sultan Ahmet Mosque target. The
behaviors of agents trained with two different methods, “Complex” and “Simple”
learning, comparing their navigation quests at various difficulty levels featuring
respawn points. After the training of the agents, the alternative routes produced
while attaining the target during the wayfinding process were analyzed. As an
outcome of the analysis, it was observed that the agents were prone to go off-
route, navigate to different locations they perceived in the urban space, and then
would reach the target. This occurrence is justified as an agent’s curiosity trained
through reinforcement learning. This study differs from the literature in a way that
it attempts to understand the navigational behavior of agents that were trained
with reinforcement learning. Moreover, this research discusses the perception of
wayfinding through curiosity and aims to make a comprehension of the perception
of the city, which is one of the key ideas in neurourbanism. The study contributes
to the literature by showing that wayfinding behaviors acquired from agents’
curiosity-driven explorations and past experiences can be an input for
neurourbanism, supporting urban design. It informs urban enhancements that are
user-centric and rich in urban perception using the reinforcement learning method.
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Bu calisma kentte yon bulma odagindaki davranis kaliplarini etmen tabanli model
Gzerinden analiz eder. Calismanin hedefinde pekistirmeli 6grenme ile yén bulmayi
O0grenen etmenlerin davranislarini anlamak bulunmaktadir. Calismanin hedefi
dogrultusunda kullanilan yontem etmen tabanli modelleme olmustur. Etmenler
pekistirmeli 6grenme ile Unity ML-Agents kullanilarak egitilmistir. Calisma Sultan
Ahmet Camii ve gevresini etmenin egitimi icin 6rnek bir ¢evre olarak almaktadir.
Etmenler Sultan Ahmet Camii’yi bulmak hedefinde egitilmistir. Karmasik ve basit
0grenme olarak iki farkli yontemle egitilen ve farkl baslangi¢c noktalarinda yén
bulma gorevlerine baslatilan etmenlerin davranislar karsilastiriimistir. Bu ¢alisma
pekistirmeli 6grenme ile egitilen etmenlerin yén bulma davranislarini anlamaya
calismasi bakimindan literatirden farklilagsmaktadir. Bir diger yonden bu arastirma
yon bulma algisini merak kavrami tGzerinden tartismakta ve néro-sehircilikte 6nemli
kavramlardan olan kent algisini etmenler Uzerinden anlamaya c¢alismaktadir.
Etmenlerin egitilmesi sonrasinda etmenlerin yon bulma strecinde hedefe ulasirken
Urettikleri alternatif glizergahlar analiz edilmistir. Analiz sonucunda, etmenlerin
glizergah disina gikarak, kentsel mekanda algiladigi farkli konumlarda gezebildigi ve
sonrasinda hedefe ulastigl gérilmustir. Bu durum pekistirmeli 6grenme ile egitilen
etmenin meraki olarak agiklanmistir. Etmenlerin merak odakli kesiflerinden ve
gecmis deneyimlerden elde edilen yon bulma davranislari, kentsel tasarimi
destekleyecek n néro-sehirciligin bir girdisi olabilmesi yoniinde ¢alisma literatire
katkida bulunmaktadir. Bu galisma, kentte yon bulma davranis kaliplarinin; kullanici
odakli ve kentsel algl agisindan zengin kentsel alanlarin gelistirilebilmesinde
pekistirmeli 6grenme yontemi ile katkida bulunmaktadir.
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1. INTRODUCTION

Neurourbanism studies the interlink between neuroscience,
psychology, and urban planning to concordantly understand how a
city’s environment influences individuals’” urban perception, cognitive
function, and their navigation of it (Adli et al., 2017). As a result of
escalating urban growth and the challenges that come with it, this
research field came to be (Pykett et al., 2020). Adding to the cognitive
perception and thus function of a city, neurourbanism looks to
appropriate urban environments through considering elements like
urban design and essentially how it can shape a user’s perception and
navigation (Salesses et al., 2013). This study subject matters because it
is imperative for designing cities in the way that strengthens the link
concerning a city’s perception along with its navigational plans (Jeffery,
2019).

In the field of neurourbanism, the integrations of machine learning (ML)
algorithms, like reinforcement learning (RL), are paving the way for
meaningful interactive environments through their additions of
cognitive and perceptive functions that come with developing urban
spaces (Makanadar, 2024; Son et al.,, 2023). RL involves systems
inhibited by self-referential agents that consequently learn from their
actions (Sutton & Barto, 1999). With this framework, it has the potential
of managing urban pathway routes as well as suggesting better
navigational systems as a way of shaping efficient urban systems that
assist city perception in users (Williamson, 2019; Ghazal et al., 2021).
RL may assist urban planners in generating adaptive environments that
respond to changing conditions and community needs by facilitating
data-driven decisions and using agent-based modeling techniques
(Cutitoi, 2022). This integration is vital in endorsing the improvement
of cities that are both efficient in navigation as well as conducive to
psychological and cognitive perceptions.

To examine the multi-layered relationship that connects RL and
neurourbanism, studying different user behavioral trends in an area
accentuates the prospective to design environments that value
navigational urban perception (Portugali & Haken, 2018). Through
learning from environmental data, RL can be used to heighten urban
planning methods that come alongside bettering navigational routes in
a city, allocating wayfinding solutions, and even through analyzing
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behavioral patterns that individuals may showcase in a space (Zhang et
al., 2022). Additionally, conclusions from these methods in
neurourbanism can contribute to the use of RL agents in urban
environments by studying their capability to mimic certain human
decision-making qualities and perceptual responses (As et al., 2022).

Neurourbanism’s main idea revolves around neural processes that
affect and guide a users’ urban perception of a city. With this idea in
mind, it relates to the understanding of the behavior of the flaneur,
who is an urban explorer that curiously perceives and navigates the city
in a detailed manner (La Rocca, 2017; Murail, 2017; Leomi, 2015). In
this context, the flaneur then connects to the task of a RL agent in the
concept of neurourbanism where just like the urban explorer, the agent
curiously navigates their digital environment with the goal of perceiving
it as a whole and making sense of it (Botteghi et al., 2021; Nilsson,
2011). So, through mirroring this exploratory behavior of the flaneur,
agents can be deployed in mimicked environments where they can
uncover behavioral patterns and trends that can inform urban planning
to be more user-centric with a principal theme of perceptive
wayfinding. Holding a promise of augmenting urban spaces that better
align with urban perception, this unique synergy between RL and the
foundations of neurourbanism supports the idea designing
environments that increase perceptual and navigational quality (Heino,
2020; Phillips et al., 2015).

2. A FUSION OF NEUROURBANISM AND REINFORCEMENT
LEARNING

The fusional synthesis of the field of neurourbanism and the algorithm
of RL offers a conventional method to urban design in a way that uses
this algorithm to enhance the cognitive perceptiveness of an urban
space (Bibri et al., 2024). Considering neurourbanism’s attentiveness
on cognitive functional effects in urban environments, using RL gives
designers the chance to dynamically correlate these concepts as its
agents learn from interactions within an urban system with the intent
of bettering it (Arbib, 2021). As a way of addressing differing urban
implications posed by urbanization, this fusion allows urban designers
to create urban spaces that advocate for proactively adding urban
perception quality (Banczyk & Potts, 2018).
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Neurourbanism stresses the creation of urban environments that offer
cognitive functionality to residents in the way that is sets out a
perceptive framework that re-imagines urban planning (Ndaguba et al.,
2022). The study by Ndaguba et al. (2022) identifies central themes in
neurourbanism research, including cognitive perception and urban
stress, where it accents the prominence of urban spaces in reducing
psychological strain, increasing cognitive clarity, as well as creating
perceptually and thoughtfully designed environments. By forming a link
between urban studies and neuroscience, neurourbanism can
enlighten the expansion of urban layouts and systems that boost users’
quality of life, thus specifying a framework for future urban planning
and design initiatives (Baumann et al., 2020).

Neurourbanism also highlights the link between perceptual
engagement and navigation with urban planning and design, in the way
that it improves cognitive function (Xu et al., 2023; Kiiclk & Yiceer,
2022). Urban perception and wayfinding, that includes street
perception and enclosure, impressions an individual’s city perception
and their navigational techniques through urban planning, correlates
with neurourbanism’s aim of spaces that generate functional cognitive
clarity (Tolunay, 2022). Gérgil and Ozkan’s study (2024) concluded that
the outlined street silhouettes surrounded by elements affected the
sense of spatial clarity of users and their perception of that specific
space.

In the subject of urban design, RL algorithms are employed to analyze
pedestrian pathway suggestions and controlling the flow of traffic in
roads (Ye et al., 2021). These algorithms are able to make adaptive
modifications that add to the perceptual quality of an urban
environment, in the process that they continuously learn from the
system’s real-time information (Zhang et al., 2022). RL can also, in the
quest to make urban environments more conductive to cognitive
function, be employed in advocating for enhanced sensory stimuli in an
urban layout (As et al., 2022; Tewari et al., 2023; Kee & Ho, 2024).
Expending RL to develop urban navigational strategies also involves the
redesign of space usage and spatial street layouts by suggesting better-
suited pathways (Zheng et al., 2023; Son et al., 2023; Han et al., 2021).

RL, curiously motivated in the urban context, uses intrinsic behaviors to
develop exploratory perceptions in an environment layout (Botteghi et
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al, 2021; Huang et al, 2021). With the foundations of urban
explorations that are shaped by motivational curiosity, this approach
can be applied to RL agents that actively navigate and explore
environmental layouts. In the way that they learn from their actions and
their consequences like humans do, these agents essentially mimic a
human being’s intrinsic curiosity (Deshpande et al., 2021). This method
can be used in prioritizing the explorations of unfamiliar urban spaces
to suggest efficient navigational map coverages (Botteghi et al., 2021).

Linking RL methods with urban design has the prospective to suggest
contemporary navigational outputs that are motivated by users’
curiosity-driven behavioral patterns (Bouton et al., 2019; Makanadar,
2024). Bearing in mind neurourbanism’s concentration on urban
perception effects in environments (Kicik & Yiceer, 2022), its
intersection with curiosity-motivated RL can cultivate navigation and
wayfinding in cities (Ye et al., 2021). This interaction between the two
fields aims to design urban spaces that are perceptive in their cognitive
functionality, reflecting neurourbanism’s ideology that is advocating for
a city’s urban perception (Gérgiil & Ozkan, 2024; Zheng et al., 2023).

The constant change in user preferences as well as the shifting social
and environmental conditions calls for conventional design
methodologies. With these concepts, simulation studies let designers
mimic complex real-world scenarios using RL algorithms (Intrator &
Intrator, 2001), that feature training agents to learn from their actions
in an alike way to how a human being would. Simulation studies can
help in providing design solutions through the investigations of an
agent’s curiosity-motivated behavioral patterns in an urban context.
Moreover, using Unity’s ML-Agents toolkit (Juliani et al., 2018) allows
urban scenarios to be simulated in a digital environment where agents
learn through curiosity-motivated explorations, as a contemporary
approach to study multi-layered urban systems that traditional
methods struggle to analyze. Featuring agents with the attitude of the
flaneur and using an agent-based model (ABM) simulation (Macal &
North, 2009), this study analyzes the behavioral patterns suggested by
an agent’s curiosity-motivated exploration. It focuses on the Sultan
Ahmet Mosque neighborhood in Istanbul, examining how curiosity, an
intrinsic motivation (Silvia, 2012), influences an agent’s behavior in
navigating and understanding their surroundings through the
behavioral patterns and trends it showcases in real-time.
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Figure 1: The Sultan Ahmet site
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with landmark.
(map from schwarzplan.eu).

3. METHODOLOGY

This study employs an ABM simulation in union with RL to explore the
impact of curiosity on an agent’s behavioral patterns within Istanbul’s
Sultan Ahmet Mosque neighborhood (Figure 1). ABM simulates
individual agent behaviors in complex systems used to theorize very
complex virtual environments that are resided by independent and self-
referential agents (Macal & North, 2009). For this study, this ABM
simulation method is applied in use of an RL algorithm, where the agent
strategizes to make decisions and learns efficient navigational patterns
through interactions based on the feedback, through its model brain, it
obtains from the system being either positive or negative. “Rewards”
are positive reinforcements awarded to the agent and processed within
their brains because of desirable behavior that motivate them to
continue this behavior, whereas “Punishments” are negative
reinforcements that are a result of undesirable behavior that
discourage them from repeating certain behaviors (Sutton, 1992).
Unity’s ML-Agents toolkit facilitates this process, providing an open-
source platform for the creation of simulated environments where RL
teaches agents through rewards and punishments (Juliani et al., 2018).
The Unity ML-Agents toolkit comprises sensors, agents, and an
academy that manage simulation steps and agent interactions, where
agents mimic human behaviors to enhance learning efficiency (Lanham,
2018).

o iy S CHO
O P

3.1 Study Area and Its Design Criteria
The reason that this neighborhood was selected is because the Sultan
Ahmet Mosque is widely known by many as an iconic landmark and its
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reputations as a tourist attraction, builtin 1916, and serving as a symbol
and integral part of Istanbul’s cultural, historical, and religious identity.
The Sultan Ahmet Mosque neighborhood environment, modelled in 3D
and scaled for performance (Figure 2), enables testing within a
simplified urban setting. In terms of its physical features and attributes,
it was modelled as simple as possible, excluding urban elements like
trees, most physical features such as roads, and moving objects like
people for testing purposes. In this study, the environment's building
blocks, and side walls have box colliders with the "Is Trigger" option
enabled to trigger punishments when the agent interacts with them,
signaling undesirable actions (Engelbrecht, 2023). The agent's target, a
sphere representing the Sultan Ahmet Mosque, also has a box collider
to trigger rewards, guiding the agent's behavior towards the landmark.

The agent is designed as a minimal cube for simplicity. It represents the
flaneur as an urban explorer, navigating the urban environment for the
first time. The agent interacts with the environment and other objects
through a box collider and a Rigidbody component, allowing it to
physically navigate the space. To simulate human-like perception, a Ray
Perception Sensor 3D component is attached to the agent. This sensor
enables the agent to detect objects and respond accordingly by
acquiring rewards and punishments, depending on the type of object
detected. For example, the agent earns rewards when it detects an
object tagged as "PinBall' and receives a punishment when
encountering an object tagged as "Wall” (Figure 3). This setup is
intended to mimic human peripheral visions and perception, helping
the agent navigate the environment more efficiently.

Figure 2: Sultan Ahmet
neighbourhood digital
environment

(created by author).
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Figure 3: Agent’s perception
sensors detecting environment
(created by author).

3.2 Model Training and Evaluation
The reward design in Unity's Python C# script guides the agent's brain

to make decisions and improve over time during the training process
(Juliani et al., 2018). The agents’ training process includes the start of
their actions at the beginning of each episode, which also features
indicating where the respawn locations occur, as well as their actions
throughout the environment. The agents’ actions are shaped by the
consequences they receive, so rewards are desirable outcomes and
punishments are negative ones. During training, agents' performances
are monitored, and behavioral patterns are analyzed, guiding agents
toward preferred outcomes and enhancing their decision-making
abilities (Engelbrecht, 2023).

Training involved 6,000,000 steps conducted over a total of 300
minutes, simulating the agents’ behavior as if they were on a
continuous 5-hour exploration in the study area. This simulation
compared two types of agents: one with a “Simple” brain model and
another with a “Complex” brain model, using Unity’s Inference
behavior training (Juliani et al., 2018). The “Complex” agent constantly
updates its decision-making processes in real-time, mimicking a more
adaptive and responsive cognitive function. This model was designed
to emulate a curiosity-driven approach, where the agent is motivated
to explore novel stimuli and adjust its behavior based on newly
acquired information. In contrast, the “Simple” brain model lacks this
update feature and operates with a fixed decision-making process,
which limits its ability to explore and adapt.

The study aimed to compare the effect of curiosity on behavioral
patterns of both the agents in their quest to find the target (Sultan
Ahmet Mosque). The curiosity component is integral to the “Complex”
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agent’s ability to seek out new paths and adapt to spontaneous events,
thereby enhancing its navigational abilities. To ensure robustness, the
simulation comparison was run a couple of times to reduce potential
biases and provide a clear understanding of how curiosity affects
behavioral patterns.

The training process was done across varying difficulty levels, as “Easy”,
“Medium”, and “Difficult” (Figure 4). The different levels were opted
according to the kinds of routes that were able to be taken by the agent,
their perceptibility, and their distance from the target. This is where
each agent’s respawn location begins during the training. For instance,
the “Easy” path has a higher perceptibility and is closer to the target
(approx. 500m), whereas the “Difficult” path has a lower perceptibility
and is further from the target (approx. 510m). This was done to further
compare their curiosity impacted behaviors in different respawn
points, testing whether a further location to the target or a cluster of
buildings in the agents’ way affects the behavioral trends in search of
the target.

< o«
1/500 . ‘/(/k%/

) y
o A P R4 Figure 4: Agent’s difficulty level
> starting locations

(created by author).

This study's evaluation method involved detailed observation of the
agent's exploratory paths to the target. Each training session was
meticulously recorded, tracking routes on a diagram of the digital
environment. These routes were categorized and color-coded to reflect
their frequency of use: "Primary", shown in orange, represent the most
frequently taken paths: "Secondary" routes, shown in blue, indicate the
second most frequently taken paths; and "Random" routes, shown in
pink, correspond to infrequent and non-repetitive paths that the agent
took at random intervals.
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Figure 5: Agent’s “Easy” level
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behavior pattern
(created by author).

Figure 6: Agent’s “Medium”
level behavior pattern
(created by author).

4. FINDINGS AND DISCUSSION

In the “Easy” level, both “Complex” brain and “Simple” brain agents
predominantly followed the same primary path, with the “Simple” brain
agent exhibiting greater random path exploration because of its lack of
memory in effective routes (Figure 5). In the “Medium” level, the
“Simple” brain agent continued exploring varied paths driven by
curiosity, while the “Complex” brain agent increasingly relied on
learned, shorter paths that led it to the target (Figure 6). In the
“Difficult” level, both agents showcased very similar path preferences
and trends, however the “Complex” brain agent contrastingly displayed
slightly more diverse random paths (Figure 7).

Simple Brain

«  Primary Route

Complex Brain

— Primary Route

Secondary Route

Random Route

Assessment of an Agent’s Wayfinding of the Urban Environment Through Reinforcement Learning



Simple Brain 4 7 % % Complex Brain

Primary Route
« Secondary Route

« Random Route

Among all three difficulty levels, the agents' behaviors displayed the
influences of curiosity and the impertinence of learned experiences in
the navigation process. The "Simple” brain agent's widespread
exploration of random paths in the deficiency of an updated data brain
underlines the intrinsic motivation of curiosity in pathfinding (Figure 8).
Contrarywise, the "Complex” brain agent’s dependence on its updated
data to recall effectual routes exemplifies the guidance of experience
on decreasing exploratory behaviors over time, as it earned more
rewards overtime (Figure 9). This study’s discoveries illuminate the
convoluted interaction concerning curiosity, experience, and
navigational performance in independent agents in an urban setting.

Simple Brain Step: 50000. Time Elapsed: 102.194 s. Mean Reward: [-5.000. |Std of Reward: 0.000. '
Cyborg's Behaviour. Step: 100000. Time Elapsed: 195.741 s. Mean Reward: -5.000. Std of Reward: ©.000.
Cyborg's Behaviour. Step: 150000. Time Elapsed: 287.273 s. Mean Reward: -5.000. Std of Reward: 0.000.
Cyborg's Behaviour. Step: 200000. Time Elapsed: 375.909 s. Mean Reward: -4.901. Std of Reward: 1.472.
Cyborg's Behaviour. Step: 250000. Time Elapsed: 463.349 s. Mean Reward: -3.121. Std of Reward: 6.149.
Cyborg's Behaviour. Step: 300000. Time Elapsed: 551.553 s. Mean Reward: 2.849. |Std of Reward: 10.539.
Cyborg's Behaviour. Step: 350000. Time Elapsed: 639.137 s. Mean Reward: 5.214. |Std of Reward: 10.972.
Cyborg's Behaviour. Step: 400000. Time Elapsed: 726.938 s. Mean Reward:| 6.284. |Std of Reward: 10.996.
Cyborg's Behaviour. Step: 450000. Time Elapsed: 815.727 s. Mean Reward:| 8.460. Std of Reward: 10.721.
Cyborg's Behaviour. Step: 500000. Time Elapsed: 904.585 s. Mean Reward: 10.734.) Std of Reward: 9.929.

woononnonn

Complex Brain Step: 50000. Time Elapsed: 163.877 s. Mean Reward: |-5.000. |[Std of Reward: ©.000.
Cyborg's Behaviour. Step: 100000. Time Elapsed: 259.691 s. Mean Reward: -5.000.| Std of Reward: 0.000.
Cyborg's Behaviour. Step: 150000. Time Elapsed: 349.378 s. Mean Reward: -3.952.| Std of Reward: 4.685.
Cyborg's Behaviour. Step: 200000. Time Elapsed: 438.074 s. Mean Reward: 2.875. |Std of Reward: 10.547.
Cyborg's Behaviour. Step: 250000. Time Elapsed: 525.771 s. Mean Reward:| 5.834. [Std of Reward: 10.999.
Cyborg's Behaviour. Step: 300000. Time Elapsed: 614.380 s. Mean Reward: 7.673. |Std of Reward: 10.872.
Cyborg's Behaviour. Step: 350000. Time Elapsed: 703.317 s. Mean Reward:| 10.661.| Std of Reward: 9.964.
Cyborg's Behaviour. Step: 400000. Time Elapsed: 793.423 s 229.
Cyborg's Behaviour. Step: 450000. Time Elapsed: 883.724 s .072.
Cyborg's Behaviour. Step: 500000. Time Elapsed: 973.994 s .033.

. Mean Reward:| 11.985.| Std of Reward:
. Mean Reward: 12.221.[ Std of Reward:
. Mean Reward:| 12.278.| Std of Reward:

0 0

Distinctive behavioral patterns surfaced with a link to the agent and
how it behaves when motivated by curiosity during the observational
interpretations of the training sessions, exhibiting sufficient
conceptions into their navigation movements and their pathway

Figure 7: Agent’s “Difficult”
level behavior pattern
(created by author).

Figure 8: Agent’s “Simple”
brain’s learning rate
(created by author).

Figure 9: Agent’s “Complex”
brain’s learning rate
(created by author).
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tendencies. Interestingly, the agents kept taking the paths they
continuously recognized. In addition, with the "Simple” brain agent, it
found a moderately easy or straightforward path that directed it
towards the target, and it continued to take that path and overlooked
perplexing routes. From the agent’s curious perception of the city, it
became familiar with certain routes through repetitive exposure to the
environment, this familiarity developing from its repeated encounters
with the environment which allowed it to cultivate a basic
understanding of the layout. With a "Simple” brain model present, the
agent’s familiarity is not the actual result of true learning in the sense
of adapting behaviors, based on rewards or feedback, and instead it
unintentionally “learned” certain paths simply by repeated interaction
with them.

When the results are considered in the light of neurourbanism, it is
interpreted that these behavioral trends, which showcase the agent’s
route preferences, strengthens the idea of environmental familiarity in
the way that it leads navigational behaviors. These study’s
comprehensions align with neurourbanism with the emphasis on
cognitively perceptive urban design suggestions. Evaluating these
results through the perspective of neurourbanism suggests that while
environmental familiarity can adhere for navigation efficiency, true
cognitive adaptation and resilience require mechanisms that enable
agents, and by extension humans, to dynamically respond to changing
urban context through meaningful interactions. This method therefore
presents a promising avenue for exploring and bettering urban designs
that promote urban cognitive perception, strengthening the link
between RL and neurourbanism.

The discussion identifies several limitations of this study that impact its
applicability in real-world architectural contexts, despite providing
valuable insights into curiosity-influenced behavior. Firstly, the
simulation used a small and simplified sample size of an Istanbul
neighborhood, which may not fully capture the complexity of its urban
features such as trees, monuments, and other physical features.
Additionally, the study did not incorporate moving objects, such as
people or vehicles, which are crucial components of real urban
environments. When importing the site map into Unity, it was scaled
down to simpler dimension due to the original size’s complexity and
computational rendering constraints. These modifications may limit the
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generalizability of the results. Furthermore, while the simulation
provides a controlled environment for studying agent behavior, it may
not entirely mimic the realness aspect and the unpredictability of urban
environments, human behavior, and perception.

5. CONCLUSION

To study the influence that curiosity has on agents’ behavioral trends in
Istanbul’s Sultan Ahmet Mosque neighborhood, this study used an RL
algorithm approach in an ABM simulation. The methodology integrates
ABM to simulate individual agent behaviors in complex systems, using
Unity’s ML-Agents plug-in, and RL algorithms to expediate decision-
making and learning through consequences. This approach enabled the
agents to engage in curiosity-driven navigation, which significantly
influenced their exploration and movement patterns.

The findings reveal that curiosity-driven navigation led agents to exhibit
distinctive behavioral patterns, particularly in their exploration of
different areas within the urban environment. This behavior was
evident as agents developed unique path preferences, repeatedly using
the Sultan Ahmet Mosque as a reference point to construct a
comprehensive mental map of the environment. The study stresses
that repetitive exposure and experience, driven by curiosity,
influentially shape these navigational behaviors.

Specifically, the exploration of curiosity in agents revealed distinctive
differences in behavior across three types of difficulty levels associated
with their respawn locations in the environment. The study found that:

a) Curiosity does certainly influence the agent as it motivated it to
explore different areas of the environment, developing unique path
preferences and using the Sultan Ahmet Mosque target as its point of
reference to create a comprehensive mental map of the environment.

b) During the RL learning process, architects can form interactions
with the agent through making modifications and controlling the C#
script reward design, where they can give instructions, ultimately
communicating with it.
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c) From such experiences, architects, urban designers and
planners can use this approach to generate adaptive design solutions
by testing it in different simulated urban scenarios that imitate real-life
agendas, to explore behavioral patterns and user preferences.

In conclusion, the findings offer insights to urban planners and
designers, emphasizing the potential of curiosity-driven navigation in
shaping behavioral patterns and cognitive responses in urban spaces.
This approach can be used in elevating and generating adaptive design
solutions by testing it in different simulated urban scenarios that
imitate real-life settings, to explore behavioral patterns and
preferences. Integrating the principles of neurourbanism, this study
features the potential of incorporating neuroscientific insights and RL
agents to design urban environments that are psychologically
perceptive. Ultimately, by understanding how different urban forms
affect human behavior and cognitive responses, urban planners and
designers can adhere for urban spaces that encourage cognitive
perceptiveness and function. Neurourbanism advocates for considering
the human brain’s response to the built environment, and so this
approach allows for the simulation and refinement of urban designs
based on real-world psychological and behavioral data.
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neuroscience and spatial design research. Using a two-step process, an initial
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calismalara dogru bir kayma oldugunu gostermektedir. 2018'den bu yana artan
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1. INTRODUCTION

In recent years, interdisciplinary studies have grown in popularity, with
neuroscience and spatial design research standing out for their
effective and insightful multidisciplinary collaborations. Exploring these
topics through bibliometric analysis provides a valuable chance to
better understand the focus and convergence of neuroscience and
spatial design, offering information on the changing environment of
these collaborative initiatives. Such an analysis will not only outline the
current state of research, but will also highlight emerging trends and
promising areas for future investigation, making a significant
contribution to the literature. This study seeks to illustrate the
dynamics of multidisciplinary research by mapping the intersections
and divergences within different areas, emphasizing their importance
in furthering our understanding of the complex link between neural
mechanisms and environmental settings.

Tasli Pektas (2021) conducted a bibliometric analysis to research spatial
cognition in neuroscience and architecture. Our research stands out by
providing a greater bibliometric scope, advanced analytical
approaches, and in-depth temporal insights, thereby enriching our
understanding of multidisciplinary research dynamics.

This study investigates the studies in the fields such as;

e interior architecture (Higuera-Trujillo et al., 2020; Hu et al,,
2021; Yeom et al., 2021; Bacevice & Ducao, 2022; Jung et al., 2022;
Kalantari, et al., 2022; Kong et al., 2022; Wang et al., 2022; Awada et
al., 2023; Hu et al., 2023; Jung et al., 2023; Mostafavi et al., 2023),

e architecture (Salingaros & Masden, 2010; Nanda et al., 2013;
Essawy et al., 2014; Masden & Salingaros, 2014; Gallese & Gattara,
2015; Hsu, 2015; Erkan, 2018; Ambrosini et al.,, 2019; Chang & Jun,
2019; Djebbara et al., 2019; Rad et al., 2019; Ahlquist, 2020; Ji et al.,
2020; Cheng et al., 2021; Erkan, 2021a; Li et al., 2021; Shemesh et al,,
2021; Krauze & Motak, 2022; Mostafavi, 2022; He et al., 2023; Merhav
& Fisher-Gewirtzman, 2023),

e landscape architecture (Kim et al., 2019; Allahyar & Kazemi,
2021; Herman et al., 2021; Nasab et al., 2022; Wei et al., 2022; Asim et
al., 2023),
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e and urban design (Hollander & Foster, 2016; Mavros et al.,
2016; Al-Barrak et al., 2017; Albdour et al., 2022; Aliverdilou et al.,
2021; Asim et al., 2023; Baumann & Brooks-Cederqvist, 2023; Erkan,
2023),

e including furniture/product design.

e Some of the studies investigates all built environment
(Kaklauskas et al., 2019; Vijayan et al., 2019; Hu & Roberts, 2020;
Karakas & Yildiz, 2020; Li et al., 2020; Azzazy et al., 2021; Erkan, 2021b;
Kalantari et al., 2021; Mazzone & Khosla, 2021; Djebbara et al., 2022;
Gharib et al., 2022; Shemesh et al., 2022; Domjan et al., 2023; Halligan
etal., 2023; Guizzo et al,, 2023; Rhee et al., 2023; Yu et al., 2023; Zur et
al., 2023).

This broad inclusion provides a thorough analysis of how neuroscience
overlaps with numerous design domains, aided by the purposeful use
of "neuro" alongside "EEG" to catch research that employ different
brain activity measurement methods such as EEG and MRI. This
methodology ensures a comprehensive investigation of design and
architecture.

The purpose of this project is to investigate how neuroscience and
spatial design research have emerged as key topics for effective and
meaningful multidisciplinary cooperation. This work uses a bibliometric
analysis to find focal spots and intersections between neuroscience and
spatial design, which will provide significant insights into their
convergence. The study seeks to not only describe the present state of
research, but also to identify new trends and prospective areas for
future research, thereby significantly contributing to the literature. This
work aims to map the intersections and divergences between many
domains, emphasizing the necessity of comprehending the intricate
relationships between neurological mechanisms and environmental
circumstances, and thereby demonstrating the dynamics of
multidisciplinary research.

2. METHODOLOGY

Figure 1 represents a two-stage bibliometric analysis procedure. The
first stage entails a keyword search, which yields 296 papers using
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Figure 1: Two-Stage
Bibliometric Analysis
Procedure
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phrases like "EEG" and "Neuro," as well as fields like "Interior Design,"
"Product Design," and "Urban Design." The second stage involves
filtering these publications according to several criteria, including
publication date (January 1, 2003 to December 31, 2023), document
type (article, review article, book chapters, early access), language
(English), and category (Multidisciplinary Sciences, Behavioral Sciences,
Environmental Studies, Architecture, Construction Building, Urban
Studies, Regional Urban Planning). This refinement method reduces the
pool to 64 papers, with the goal of narrowing the study emphasis based
on certain criteria.
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3. FINDINGS

Figure 2 depicts the distribution of publications over time. From 2003

to 2017, the number of publications was quite low and consistent.
However, there is a significant increase in frequency beginning in 2018,
with a peak in 2022. This upward trend indicates an increase in
academic interest in the study's themes and criteria during these years.
The year 2023 also has a significant number of publications, indicating
that research effort in the field has been ongoing up to that point.
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Table 1includes the journals that have featured publications connected
to the study, with a concentration on those with the most publications.
Notably, 'Architectural Science Review' has the most publications, with
seven, suggesting its popularity as a favored platform for
communicating research in this discipline. 'Buildings' and 'Building and
Environment' come close behind, with six and five articles each,
indicating their importance in the academic discourse of the study's
topic area. The journals 'Journal of Environmental Psychology' and
'Journal of Building Engineering' are also notable, with four and three
articles, respectively, demonstrating their significance to the
environmental and engineering components of the research. Lesser-
cited journals, with two or one publication each, help to diversify
dissemination channels, but the majority of research appears to be
concentrated in the aforementioned main journals. This distribution
emphasizes the study's interdisciplinary nature by incorporating
architectural, environmental, psychological, and engineering elements.

Journal Number Journal Number
of of
Publicat Publicati
ions ons
Architectural Science 7 Frontiers of  Architectural 1
Review Research
Buildings 6 Frontiers in Behavioral 1

Neuroscience

Building and Environment 5 Heliyon 1

Figure 2: The Distribution of
Publications Over Time

Table 1: The List of the Journals
Where Publications have been
Featured
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Journal of Environmental

Indoor and Built Environment

Psychology
Journal of Building International Journal of
Engineering Architectural Computing

Sustainability

International Journal of
Sustainable Built Environment

Archnet-lJAR: International
Journal of Architectural
Research

Journal of Architecture and
Urbanism

Building  Research &
Information

Journal of Asian Architecture
and Building Engineering

Intelligent Buildings
International

Journal of Regional and City
Planning

Scientific Reports

Landscape Architecture
Frontiers

Urban Forestry & Urban
Greening

MANZAR, the Scientific Journal
of Landscape

Applied Spatial Analysis
and Policy

Neuroscience & Biobehavioral
Reviews

Automation in
Construction

Open House International

Computer-Aided Civil and
Infrastructure Engineering

Proceedings of the National
Academy of Sciences

Cortex

PLOS ONE

Developments in the Built
Environment

TEKA Commission of
Architecture, Urban Planning
and Landscape Studies

Energy and Buildings

Trends in Cognitive Sciences

Energy Research & Social
Science

Urban Science

Figure 3 shows a VOSviewer network visualization displaying the co-
occurrence of author keywords in a bibliometric dataset. The
parameters suggest that the minimal number of occurrences for a
keyword was set at one, with 256 keywords satisfying this condition and
192 of them interconnected.

The term "EEG" (electroencephalography) appears to be a central node
in the network, indicating that it is a key focus within the study area. It
is surrounded by clusters of related phrases that indicate the many sub-

themes or fields of study related to EEG. Among these are "virtual

reality," "environmental psychology," "neuro-architecture," and
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"biophilic design," all of which point to interdisciplinary study
intersections  between  neuroscientific ~ methodologies  and
environmental design.

The thickness of the connecting lines and the distribution of nodes
indicate the strength of the links between concepts. Thicker lines
indicate more frequent co-occurrences, showing stronger or more
researched field linkages. Terms like "aesthetics," "built environment,"
and "evidence-based design" are closely related, showing that these
topics are frequently discussed in the literature together.

This visualization can help academics identify critical areas of
concentration, emerging trends, and potential gaps in the literature by
assisting in the understanding of complicated interactions between
concepts. It also demonstrates the research's multifaceted nature,
embracing areas of design, psychology, technology, and environmental
studies.

The keywords "greenspace" and "healing garden" are frequently used
in urban planning, showing a strong preference for incorporating
natural features into urban surroundings. This relationship is further
emphasized in Figure 3, where the term "environmental psychology"
emerges as a key focus. This finding is scarcely surprising. The
interaction of spatial design and neuroscience frequently centers on
the emotional and psychological states of either the designer or the
user. When the emphasis is on the user's experiences within a given
setting, the bulk of analyses naturally fall under the scope of
"environmental psychology". This emphasizes the importance of
psychological concerns in the design and evaluation of urban areas,
advocating for a design approach that prioritizes human well-being by
incorporating natural features and therapeutic landscapes.
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Figure 3: VOSviewer Network
Analysis of Author Keyword Co-
Occurrence in Multidisciplinary

Research (Minimum
Occurrence: 1)
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Figure 4 shows a VOSviewer network visualization map with a temporal
overlay that depicts the spread of keywords over time in a set of
publications. The nodes (keywords) are color-coded by year of
occurrence, with the gradient spanning from 2018 to 2023. This
temporal aspect helps us to see not only the links between keywords,
but also how the research topic may have moved or evolved over time.

The color gradient indicates that certain themes have gained
prominence in recent years. Keywords with a yellow to orange tint (for
the years 2022 and 2023) may indicate emerging trends or a recent
surge in interest within the research community. Keywords with a blue
color (indicating earlier years) may, on the other hand, represent
fundamental subjects that have maintained steady appeal over time.

The primary node, "EEG," is linked to several additional nodes,
indicating its prominence in the scientific landscape throughout
multiple years. The keywords associated with “EEG”, such as “virtual
reality”, "environmental psychology", “built environment”, “neuro-
architecture”, and “biophilic design” demonstrate an interdisciplinary
study strategy that merges neuroscience with environmental design
and technology. “Built environment” is associated with “stress” and
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“urban” keywords in the recent years works. “Urban” is also connected
to “greenspace” and “healing garden” keywords. “Biophilic design” is
also a trend topic in this area. It is understood that a great number of
current neuroscience and spatial design related works are focusing on
the green usage in the spaces. “Architectural education”, “ideology”,
and “aesthetics” are relavitely old subjects in neuroscience based
spatial design studies.
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Figure 5 illustrates a VOSviewer network visualization map with a set of
12 keywords, each of which appears at least three times, indicating a
more focused area of study attention. All of these terms are connected,
showing that they are commonly used together in the literature,
implying a unified study domain.

The network's heart is "EEG," which is likely a core theme of the
research and is linked to "virtual reality," indicating a convergence of
technology.

neuroscientific research and immersive

"Neuroarchitecture" appears twice, possibly due to a difference in the

Figure 4: VOSviewer Co-
occurrence Network of Author
Keywords in Interdisciplinary
Studies (Minimum Occurrence:
1)
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dataset or as separate entries, and it forms connections with
"environmental psychology" and "evidence-based design," indicating
an interest in the application of neuroscience to architectural design
while taking psychological effects and empirical design principles into
account.

Other phrases such as "built environment" and "well-being" are related,
indicating that the research is likely focused on the impact of the
physical environment on human health and comfort. The phrase
"electroencephalography" is linked to the term "neuroscience,"
indicating the methodological approach that underpins the research.
This visualization aids in identifying the fundamental concepts within
the dataset and understanding how they relate to one another,
providing insights into the field's interdisciplinary character, which
includes neuroscience, architecture, psychology, and technology.

As stated in the "IFI Interiors Declaration" by the International
Federation of Interior Architects/Designers (IFl), interior designers and
architects combine human and environmental ecologies to translate
science into beauty that appeals to all senses (IFl, 2011). This statement
highlights the importance of the human condition and well-being in the
practice of interior design and architecture. As a result, the link of the
"built environment" keyword with phrases such as "well-being" and
"environmental psychology" in Figure 5 gives strong evidence that
study into human well-being includes both physical and mental
components. The rise of transdisciplinary studies incorporating
neurology and spatial design is expected to improve our understanding
of the human element, which is the primary emphasis of the interior
design profession. This greater understanding will, in turn, improve our
ability to assess the effects of interior designs on humans, bringing
design results closer to the objective of improving human well-being
inside built settings. This approach emphasizes the profession's
commitment to promoting human-centered design principles, ensuring
that the environments we live in are not only aesthetically beautiful but
also beneficial to our general health and happiness.
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Figure 6 illustrates the strong relationship between EEG and virtual
reality, particularly from 2020 onward. This connection highlights the
increasing interest in neuroscience-based spatial design studies where
EEG is used to assess user experiences in virtual environments. The
temporal dimension of the visualization further emphasizes the
growing trend in this interdisciplinary field, underscoring the
importance of integrating technological advancements in future spatial
design research.

The main keyword "EEG" is a repeating center point, linked to a variety
of research topics such as "virtual reality," "neuroarchitecture,"
"environmental psychology," and "wellbeing." The color coding of the
lines suggests that these relationships have been active over time, with
some subjects maybe gaining more attention in subsequent years, as
evidenced by the shift to yellow. According to this color coding in Figure
6, “EEG-virtual reality”, “EEG-well-being” connections are the most
recent connections. “Neuroscience”, “architecture”, “cognitive
architecture”, and “evidence-based design” are relatively older to the
other ones. Even though “neuroscience” and “architecture” keywords
are losing their trend in recent years, a mix of them which is “neuro-
architecture” is gaining interest in the implications of
neuroarchitecture for wellness and environmental psychology. Such

Figure 5. VOSviewer Network
Analysis of Author Keyword Co-
Occurrence in Multidisciplinary

Research (Minimum
Occurrence: 3)
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Figure 6: VOSviewer Temporal

291

Analysis of Keyword Co-
Occurrence in EEG-Related
Research (2019-2022)

insights are useful for identifying patterns, understanding the current
research landscape, and planning future research.
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Figure 7 shows the collaborative network of researchers utilizing EEG in
spatial design studies. Cornell University emerges as a significant hub,
indicating its critical role in advancing research at the intersection of
neuroscience and design. Such collaborations are vital for fostering
interdisciplinary research and promoting innovative approaches in
understanding human responses to architectural spaces.

The size of the nodes (representing individual authors) in such a
network often corresponds to the number of documents published by
the author, whilst the thickness of the lines between nodes frequently
represents the number of co-authored articles. The visualization in this
network emphasizes collaborative links rather than citation impact,
with the threshold set for a minimum of two documents per author and
no minimum citation count.

This type of study is useful for understanding the collaborative
structure of a field, determining which scholars collaborate closely, and
even estimating the importance of certain author clusters within the
academic community.
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According to Figure 7, the fact that just six academics worldwide have
published at least two papers in the subject demonstrates the young
but growing interest in the interdisciplinary topic of neuroscience and
spatial design. Among these, Dr. Jesus Gabriel Cruz-Garza from the
University of Houston has the most publications, as well as
collaborations with all of the other well-known scholars. Notably,
Cornell University appears as a major hub for this study topic, with
researchers including Dr. Armin Mostafavi, Dr. James Dalton Raunds,
Dr. Saleh Kalantari, Dr. Julia Kan, and Vidushi Tripathi, an undergraduate
research assistant. Except for Dr. Cruz-Garza, this concentration of
experts at Cornell emphasizes the university's critical role in the field's
advancement.

tripachigyidushi
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Figure 8 appears to be a VOSviewer depiction of a co-authorship
network focused on organizations that have contributed to a body of
literature, with each organization publishing at least four documents.
Various organizations are depicted as nodes in this network, and the
links between them often signify collaborative activities between
different groups in producing research output.

However, no links are displayed in the visualization, implying that the
organizations named have not co-authored documents that satisfy the
stated threshold or that the collaborations are outside the scope of the
data obtained. It is possible that these groups are working separately in

Figure 7: VOSviewer Co-
Authorship Analysis of

Researchers with a Minimum

of Two Documents
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the same field or on similar themes but have not worked directly on
publications that match the minimum document criteria.

Based on collaborative networks, this type of visualization can assist in
identifying major institutions in a research field and their potential
significance. However, the lack of connections suggests the possibility
of future collaboration or an opportunity to develop collaborations
between these businesses.

According to Figure 8, the universities featured in the context of
interdisciplinary study at the junction of neuroscience and spatial
design, such as Cornell University (USA), Qingdao University (China),
Stuleyman Demirel University (Turkey), and Israel Institute of
Technology (Israel), play critical roles. These institutions are known for
creating conditions that encourage innovative study undertaken by
researchers who are committed to improving our understanding of
how spatial environments influence human neurological and
psychological outcomes.

Figure 8: VOSviewer Network technion ssragl nst technol
of Organizational Co-
Authorship in Scholarly
Publications (Minimum
Document Threshold: 4)

suleyman ggmirel univ

qingdac dgiv technol

corngl) univ
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4. CONCLUSION

The purpose of this project is to investigate how neuroscience and
spatial design research have emerged as key topics for effective and
meaningful multidisciplinary cooperation. This work uses a bibliometric
analysis to find focal points, connections, and intersections between
neuroscience and spatial design, which will provide significant insights
into their convergence. The study seeks to not only describe the
present state of research, but also to identify new trends and
prospective areas for future research, thereby significantly contributing
to the literature, and thereby exhibiting the dynamics of
multidisciplinary research.

Interdisciplinary research of neurology and spatial design, which have
been accelerating since 2020, indicate that this issue is ripe for further
investigation and has significant potential contributions. Early research
usually focused on architecture from a neuroscience perspective, while
recent trends show a shift toward interior design. With an increasing
emphasis on human well-being, virtual reality has emerged as an
important instrument in these investigations. Notably, research has
evolved toward stress reduction and the incorporation of biophilic and
urban design elements, highlighting the evolving goals of this
multidisciplinary approach. This shift reflects a better understanding of
how designed places can influence human psychological and
physiological states, opening up new avenues for research and practical
applications that prioritize health and well-being in spatial design.

Future research is likely to focus on the integration of EEG and virtual
reality as robust tools for evaluating user experiences in spatial design.
The findings of this study suggest that combining these methodologies
will contribute to a deeper understanding of how design decisions
impact psychological and physiological responses. Particularly, the use
of EEG in the design of biophilic environments and stress-reducing
spaces is expected to grow, offering significant potential for enhancing
human well-being through design. Moreover, expanding the
application of neuroscientific methods in spatial design could lead to
more user-centered, emotionally responsive design solutions, thereby
improving the overall quality of built environments.
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Sketching is a design tool that can be assumed to be ill-structured, does not offer
exact solutions, is intuitive, and is open-ended in the initial stages of architectural
design. Sketching creates an opportunity for architects to release their creativity
and intuition, giving rise to spontaneous ideas and concepts in an organic and
natural way. During the initial design phases, like in the conceptual stage of the
design, designers receive aid from conventional sketching as their concepts and
ideas can easily transform into tangible, real-world forms. With the development
of digital design methods like CAD (computer-aided design) in pursuit of Al
(artificial intelligence), it has been accepted that manual sketches are no longer the
only tools used in the architectural design, and adaptation of new methods such as
digital and Al-assisted tools. The diversity and evolution of tools used in
architectural design, together with the integration of CAD, Al, and traditional
sketching techniques, have contributed to the development of architectural design
and facilitated enhanced collaboration, visualization, and efficiency across the
design process. As a result, it has evolved to embrace the use of CAD, which was
the first method adopted from these developments, as a basic skill in the field of
architectural design education. This shift places a strong emphasis on the
professional field of architectural design while also encouraging students to
explore the innovative potential of CAD for design purposes. CAD presents
architects with a robust platform that facilitates the creation of intricate designs
and precise measurements during the initial parts of the architectural design
process. Following CAD, the development of generative Al-driven tools motivates
architecture students and designers to make their conceptual work more efficient
and create more alternatives. Although it is known that each method mentioned
has its own positive or negative aspects, it is not possible to say that any of them is
used alone in architectural design processes. At this point, combining the design
process with CAD and Al-supported design tools, as well as traditional manual
sketching in architecture, helps develop a diverse and adaptable skill set in design.
Integrating digital design tools into the architectural field emphasizes the enduring
importance of traditional sketches, especially in terms of inspiration and
conceptualization in architectural design, while also updating the process of design.
The purpose of this paper to explore the progression of employing diverse design
tools, namely manual sketching, CAD, and Al-driven design tools, throughout the
architectural design process. This paper aims to understand why designers
continue to use traditional sketching methods by comparing digital design tools
and traditional sketching. This paper undertakes a comparative analysis of using
computational design tools instead of traditional sketching with pen and pencil,
aiming to juxtapose their respective benefits and drawbacks. In conclusion,
although it is not yet possible to assert the superiority of one method over the
other, it is evident that traditional sketching continues to hold significant relevance
and effectiveness in the design process despite its long-term use.

Keywords: Design Process, Manual Sketching, CAD, Sketch-Based Al.
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Eskiz, mimari tasarimin ilk 6rneklerinden beri kullanilan, sezgisel ve agik uclu oldugu
distnulen bir tasarim aracidir. Eskiz, mimarlarin yaraticiliklarini ve sezgilerini
serbest birakmalari igin bir firsat yaratir, kendiliginden fikir ve kavramlarin organik
ve dogal bir sekilde ortaya ¢ikmasina neden olur. Dijital tasarim yontemlerinin
gelismesiyle birlikte, manuel eskizlerin artik tasarim strecinde kullanilan tek
yontem olmadigi kabul edilmis ve yeni yontemlerin kullaniimasina yonelik egilim
ortaya c¢lkmistir. Mimari tasarimda kullanilan araglarin ¢esitliligi ve gelisimi,
bilgisayar destekli tasarim (CAD), yapay zeka (Al) kullaniminin tasarim sireglerine
entegrasyonuyla birlikte, mimari tasarimin gelisimine katkida bulunmustur.
Bahsedilen her yontemin kendine has olumlu ya da olumsuz yonlerinin oldugu
bilinse de mimari tasarim streclerinde higbirinin tek basina kullanildigini séylemek
mimkin degildir. Bu noktada tasarim sirecini CAD ve yapay zeka destekli tasarim
araglarinin yani sira mimarideki geleneksel manuel eskizlerle birlestirmek,
tasarimda cesitli ve uyarlanabilir bir beceri seti gelistirmeye yardimci olur. Dijital
tasarim araclarinin mimari alana entegre edilmesi, geleneksel eskizlerin 6zellikle
mimari tasarimda ilham ve kavramsallastirma acisindan kalici 6nemini vurgularken
ayni zamanda tasarim sirecini de glincelliyor. Bu makale, mimari tasarim sireci
boyunca geleneksel eskiz, CAD ve yapay zeka odakli tasarim araglari gibi cesitli
tasarim araglarinin kullaniimasindaki ilerlemeyi kesfetmeyi amaclamaktadir. Bu
makale, gliniimUz tasarim sireclerinde hala gincelligini koruyan geleneksel eskiz
yerine hesaplamali tasarim araclarinin kullaniimasinin karsilastirmali bir analizini
Ustlenmekte ve bunlarin faydalarini ve dezavantajlarini yan yana getirmeyi
amaglamaktadir. Sonug olarak, her ne kadar bir yontemin digerine tUstunlGgin ileri
sirmek henlGz mimkin olmasa da, geleneksel eskizin uzun sdreli kullanimina
ragmen tasarim sirecinde 6nemli bir yer tutmaya ve etkili olmaya devam ettigi
aciktir.

Anahtar Kelimeler: Tasarim Suregleri, Geleneksel Eskiz, CAD, Eskiz Tabanh Yapay
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1. INTRODUCTION

Sketching is a powerful and oftused design tool that gives a feeling of
freedom with its subjective interpretation capacity. It is rough and
lacking in detail in nature, and designers use it to express and develop
their concepts in the design process. Due to the opportunities it
provides to designers, traditional sketching has been used since the first
designers as a design tool that enables the abstract ideas of designs to
become a reality by drawing ideas on paper with the help of a pencil. In
addition, while drawing techniques may differ, numerous designers
recognize the utilization of sketches as a crucial component within their
design process (Do, 2002). With the increasing prevalence of digital
design tools like Computer-Aided Design (CAD) and Artificial
Intelligence (Al) in architectural design process, traditional sketching is
no longer a standalone design tool. So, the architectural design
processes are undergoing a transformation, shifting from conventional
paper-and-pencil approaches to utilizing digital design techniques. In
light of these developments, the emergence of digital design tools and
their acceptance and widespread use in architectural design processes
have enabled significant revolutionary improvements and advances in
architectural design processes. The evolution and transformation in
architectural design processes have reshaped the way architectural
design is approached and practiced, paving the way for the ongoing
evolution and development of these tools.

The design process is a subject that designers have been busy with for
a long time. Nowadays, when the design process changes with the
development of digital design tools, it is expected to accept that the
design process exists based on traditional principles (Svetel et al,,
2018). Digital design tools such as CAD and sketch-based Al tools are
now widely used by designers in the architecture industry as
accessibility has increased. Despite the evolution of these tools, their
acceptance in the architectural industry, and their rapid integration into
the design process, manual sketching remains an inseparable tool of
the architectural design process. In the context of architectural design,
although CAD and Al tools can fall under digital design tools, it is
essential to distinguish between the roles of CAD and Al tools as
independent techniques versus their integration into design processes.
This study acknowledges the distinct characteristics of CAD and Al tools,
which can vary significantly across different stages of the architectural
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design process. To clarify the scope of this research, the focus is
narrowed to the comparison and integration of traditional sketching,
CAD environments, and sketching with Al tools. This refined focus aims
to provide a clearer understanding of how these specific tools interact
and influence the design process, and serves to enhance the coherence
of the research findings within the context of the existing literature. In
line with this information, the main focus of the research is on digital
design methods such as CAD and Al and the impact of these digital
design tools on factors that affect the design process, such as designers'
creativity compared to traditional manual sketching. It is important to
comprehend how digital design tools affect creativity in the design
process and to have a deep understanding of how these tools are used
in architectural practices. This understanding is crucial to ensure these
technologies support and enhance designers' capacity to generate
ideas and innovate rather than restrict them. The primary research
guestion examines why designers continue to use traditional sketching
methods by comparing digital design tools with traditional sketching
methods. Additionally, the problem statement explores why the
traditional sketching method remains popular among designers despite
the increasing prevalence and accessibility of digital design tools.

2. LITERATURE REVIEW

2.1 Sketching Environment in the Design Process

Sketching is a fundamental human activity widely utilized to generate
conceptual and creative ideas and overcome intricate design obstacles
(Akin, 1978; Goldschmidt, 1991, 2017). Although drawing styles vary in
architecture to help designers explore and embody their ideas, many
designers consider traditional sketching an inherent part of the
architectural design (Do, 2002). The process of sketching is often
commonly considered an ill-defined design tool due to its open-ended
nature, which inherently requires a definitive solution to the design
problem (Goel, 1995). As a part of the creative process, sketching is a
brainstorming tool, avoiding details and embodying roughness (Putra
et al., 2022). It facilitates the translation of abstract ideas into concrete
forms that effectively communicate design concepts. In other words,
sketching has been a significant communication tool for creators,
enabling them to articulate their ideas during the design process
(Lawson, 2002; Lee, 2017). Sketching is one of the most well-known
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methods in the architectural design process for abstract
representation, which is traditional manual sketching via pen and pencil
(Bryan, 2005; Goldschmidt, 1994).

Manual sketch acts make an essential contribution to architectural
design stages because they have a crucial effect on sparking and
evolving creative concepts in the initial design stage (Shih et al., 2015).
They aid designers in visual reasoning and exploring spatial
relationships between diagrams. Most architectural education includes
utilizing traditional tools like pen and paper for crafting design and
expressing designers ideas through drawing, with design thinking
encompassing considerations of form and function, representing a
mode of visual and spatial cognition (Do, 2002). Designers in
architectural design still use manual sketching to generate new ideas,
solve design problems, and express their concepts. Upon visiting
previous sketches, including one's own and those of others, it is
possible for new and unexpected ideas to emerge. Although designers
mostly use manual sketching, especially during the initial design
process in architecture, pen, and pencil are not the only tools for
expressing ideas in designers' minds in tangible forms. With the
evolution of computational design, different digital design tools, such
as CAD and Al tools, have come to the forefront of the architectural
profession and have become popular among designers.

2.2 Digital Design Tools Environment in the Design Process

The globalization of construction projects has compelled existing design
tools to transition from individual design to the implosion of different
design fields in order to enhance final products. Consequently, novel
computational-aided design tools have emerged as a result of this shift
(Goulding et al., 2014). In other words, there have been shifts in
traditional sketching after the digital design era. These changes may
affect the design process (Error! Reference source not found.). For
example, some literature suggests that computer-aided design may
negatively affect the creativity of designers (Robertson et al., 2007; Van
Elsas & Vergeest, 1998; Verstijnen et al., 1998).

In contrast, Madrazo (1999) argued that digital design tools enhance
comprehension of form, aiding visual cognition. Marx (2000)
corroborated this notion, suggesting that immersive visualization and
feedback in computer-based tools prompt designers to engage in
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mental imaging more frequently than traditional sketching tools. In
addition, Won (2001) found that the cognitive behaviors of designers
while using traditional sketching methods mirror those when using
digital design tools. In addition, Bilda and Demirkan (2003), in their
study on understanding the perceptual frequency of actions shown
during the architectural design process, concluded that the actions
shown during traditional sketching require more frequent attention
changes with increasing actions compared to digital design tools and
create more exploration opportunities. Likewise, Tang et al. (2011)
found that digital design tools commonly used in drafting processes are
very similar to the key features of traditional sketching tools in the
architectural design. In addition, the mentioned study suggested that
digital design did not affect the duration of explorative ideation relative
to problem definition. In this regard, the use of digital design tools
instead of manual sketching in architectural design has led to extensive
discussions in the professional field. The utilization of traditional
manual sketching methods entails inherent advantages; however,
incorporating diverse digital design tools into the field of architecture
has emerged as a pivotal and contemporary concern.

Differences Similarities

Traditional [*Creating more exploration | *Cognitive behaviors of
Sketching opportunities (Bilda and | designers during use of them

Demirkan 2003) (Won 2001)

*Requiring more frequent | *Commonly used in drafting

attention changes (Bilda | processes (Tang et al. 2011)

and Demirkan 2003) *Did not affect the duration of

explorative ideation relative to

Digital *May negatively affect the problem definition (Tang et al.
Design creativity of  designers 2011)
Tools (Robertson et al., 2007,

Van Elsas & Vergeest,

1998)

*Enhancing comprehension

of form, aiding visual

cognition (Madrazo 1999)

2.2.1 CAD Environment in Design Process

Using geometry and expression capabilities, CAD helps designers
immerse themselves in the design process and achieve final results
practically from start to finish. In this respect, it attempts to substitute
traditional techniques such as sketching, which can be called a digital
design methodology (Shih et al., 2015). When attempting to depict

Table 1: Differences and
similarities of the traditional
sketching and digital design
tools.
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complex 3D objects, it is often challenging for 2D representations to
accurately convey their intricacies. In a CAD modeling design
environment, 3D objects can also be used to create 3D geometry or
make changes to the model. Moreover, CAD modeling can significantly
assist in design problem-solving (Shih et al., 2015). While traditional
methods rely on sketching to convey essential concepts, they often fall
short when dealing with complex issues, as noted by Lin (2003).
Moreover, with the increasing efficiency and user-friendliness of CAD
modeling programs, they are supplanting conventional paper and
pencil methods, particularly within the realm of architectural
conceptual design (Veisz et al., 2012). In the initial phases of the
architectural design process, numerous designers, engineers, and
educators use CAD tools.

On the one hand, several empirical studies show that current CAD tools
can be as influential as sketching (Buchal, 2002; Hanna & Barber, 2001).
Eggli et al. (1997) invented the pen-based "Quick Sketch," with a 3D
modeling system now available in CAD systems, and claimed that
modeling the design interactively with this system at a concept stage
was slightly faster than traditional sketching. Hanna and Barber (2001),
in their study of architecture students who exclusively used CAD as a
design tool, concluded that the students preferred using CAD over the
traditional sketching method alone.

On the other hand, some studies suggest that CAD tools negatively
affect the stages of the design process (Robertson et al., 2007). The
main effects are restricting the designer's thinking and fixing the
designer in the design phase as the design gains detail. Continuous and
excessive use of CAD can dull the designer's creative abilities. CAD often
draws criticism for shifting the designer's focus toward details instead
of fundamental principles during the design phase (Utterback et al,,
2006). During traditional sketching, designers can quickly capture ideas
and focus on the essentials. On the other hand, a CAD system needs to
examine some information to create a representation of an object, and
by supporting this information, the final result can be produced, which
can change the focus of the designer.

CAD can replace conventional sketching tools in architectural design
stages, especially in the initial conceptual design process. However,
computational design methods are still in the transition and
development phase (Buchal, 2002); this process is akin to the transition
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from handwritten documents to ubiquitous word processing. In light of
the literature, it is evident that the traditional sketching and CAD
method has various opportunities and challenges for designers (Error!
Reference source not found.). In particular, the literature argues that
the opportunities offered by the traditional sketching method for
creativity are at the forefront. In contrast, CAD methods are more
prominent in terms of details and complex issues in design. Considering
these points, arriving at a definitive conclusion regarding the
comparative value of traditional sketches versus CAD representations
within the architectural design process is challenging.

2.2.2 Al-driven Environment in the Design Process

Utilizing architectural design principles and processes in the context of
artificial intelligence, particularly in sketching, is of great significance. Al
tools exhibit promise in enhancing architectural sketches and concepts
through various means. In recent years, the utilization of generative Al
has gained significant traction for cultivating creativity within various
domains (Zhang et al., 2023). Such capabilities could expedite the
creation of diverse design options for architects to consider or facilitate
the exploration of different design concepts without requiring
additional visualization methods like 3D modeling and rendering tools
(Hegazy & Saleh, 2023). In other words, Al tools provide users with a
wide range of design ideas and help designers recognize potential
strategies and approaches to overcome design challenges (Zhou, 2021).
In this direction, many Al tools can provide a basis for designers'
concept ideas. Different types of generative Al tools exist, such as text-
based, image-based, and sketch-based. Generative Al tools that can be
trained to complete incomplete sketches or create alternative designs
based on existing sketches are called sketch-based Al.

In the conceptual design phase of architecture, sketch-based Al visual
prompts can inspire architects to develop multiple design options. Al
can provide conceptual sketches during the early design stage, serving
as examples for design discussions (Zhou, 2021). In addition, it is very
advantageous for designers that Al can introduce line changes in
sketches and even better understand architects' sketches and
complete unfinished sketch drawings. According to Zhang's (2023)
findings, designers find great value in leveraging Al-generative image
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design tools as they aid in generating alternative design options,
sparking new creative directions, and refining existing sketches.

However, although Al-based design has positive aspects, such as
producing inspiring results, studies also emphasize its negative aspects.
In particular, Zhang's (2023) results showed that Al may not understand
terms specific to the architectural field and can sometimes produce
surreal images unsuitable for construction purposes. Sketch-based Al
tools have been extensively researched in design and are increasingly
advancing in interpreting hand drawings for various applications, a
crucial development for designers. Baudoux et al. (2024) propose three
critical features for upcoming and current sketch-based Al design tools.
Integration is essential in both creating the sketch and storing features
in memory. Symbolic and logical processes need to be integrated to
manipulate various sources of recognition. Finally, the tools should be
engaging, precise, and inspiring. To generate images, they must surpass
simple geometric models.

2.3 Mixed Media Design Environment in the Design Process
Developments and studies in digital design tools have focused on
integrating different design tools into various design processes to
achieve final results, thereby enabling the increasing globalization of
professional groups associated with construction projects, such as
architecture and engineering (Shih et al., 2015). Romer et al. (2001)
supported the idea that traditional sketching and CAD modeling are
widely recognized and supported as the primary and most commonly
utilized design tools by architects and educators in architecture. In
addition, Shih et al. (2015) noted that the combination of manual
sketching and CAD can be referred to as a mixed-media design
environment. In addition, this article supports that the interplay
between sketching and CAD modeling fosters a switching behavior that
could potentially influence design processes.

Considering the challenges and opportunities of mixed media design,
there is ongoing debate about applying the two methods combined in
the process of design. On the one hand, during the design stages,
designers are confronted with the additional responsibility of
transitioning traditional sketches to CAD systems (Alvarado et al,,
2002). This means that although sketching offers designers flexibility
and practicality and is popular for designers to use in their early stages,
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it can cut into the process of design fluently, especially when designs
need to be transferred from sketch to CAD (Shih et al., 2015). This
process is notably time-consuming and necessitates careful attention.
Likewise, using both sketches and CAD tools underlines the importance
of exploring the integration between mentioned tools to avoid wasting
time and losing information during the transition from manual
sketching to CAD tools (Romer et al., 2001). In light of this research,
another research supports that streamlining the conversion of
traditional sketches into CAD tools would offer designers several
advantages (Lim et al., 2001). On the other hand, some researchers
support the freedom of designers to switch between sketching and CAD
modeling, ignoring the time loss when switching between tools (Do,
2005; Sachse et al., 2001). In addition, Evans (1997) provides a valuable
perspective on the architectural design process with his concept of
"translation," suggesting that architectural drawings act as translations
of ideas and contexts into physical forms. In this context, it sheds light
on the naturally switching behaviors observed during the design
process because these translations are not merely technical practices
but are deeply intertwined with interpretive and contextual
dimensions. Thus, the switching behavior is intrinsically linked to the
dynamics of transforming conceptual intentions through various modes
of representation, enriching the understanding of how digital design
tools and traditional sketching differ in their cognitive and
representational approaches. As a result, when the sketching methods
in architecture are examined, although each method has its advantages
and disadvantages, their advantages and disadvantages also emerge
when used together (Error! Reference source not found.).
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Table 2: Opportunities and
challenges of the design tools.

Design Tools

Opportunities

Challenges

Traditional Sketching

*Aiding creativity and
intuition (Robertson et
al,, 2007; Van Elsas &
Vergeest, 1998;
Verstijnen et al., 1998)
*Ease of quickly
capturing ideas and
focusing on the
essentials (Utterback et
al., 2006)

*Falling short when
dealing with complex
issues (Lin, 2003).

CAD

*Assisting in
problem-solving
et al,, 2015)
*Increasing efficiency
and user-friendliness
(Veisz et al., 2012)

design
(Shih

*Restricting the
designer's thinking and
fixing the designer
(Robertson et al.,
2007)

* Dulling the designer's
creative abilities when
excessive use
(Robertson et al,
2007)

Al-driven tools

*Providing users with a
wide range of design
ideas

*May not understand
specific terms (Zhang's
2023)

(zhou, 2021) *Can sometimes
*Helping designers | produce surreal
recognize potential | images (Zhang, 2023)
strategies (zhang,
2023)
*Providing conceptual
sketches during the
early design stage
(Zhou, 2021)
Mixed-Media Design | *Switching  behavior | *Confronting
Environment could potentially | additional
influence design | responsibility of
processes (Shih et al. | transitioning (Alvarado
2015). et al., 2002)
*Flexibility and | *Can cause losing
practicality (Shih et al., | amount of time and
2015) information during
*Supporting the | transition (Romer et
freedom of designers | al., 2001)

to switch (Do, 2005;
Sachse et al., 2001).
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3. CONCLUSION

Traditional sketching is a fundamental and vital tool in architectural
design, especially in the initial conceptual phases. It allows architects to
reflect intensely on and interpret their design intentions, paving the
way for a more expansive exploration of potential solution ideas. In
architectural design, conceptual design methods need a predominantly
human-centered approach, emphasizing the power of creativity and
human ingenuity. Design development predominantly relies on
computer-aided methods, enabling precision and efficiency in
executing intricate designs. Consequently, traditional sketching
techniques continue to be prevalent in the field of architecture.

Stones and Cassidy's (2010) found compelling results when they
compared students' sketching work using traditional and
computational media for reinterpreting design ideas during conceptual
thinking. They discovered that traditional sketches were significantly
more effective in facilitating reinterpretation and the generation of
design ideas. These results underscore the importance of traditional
sketching methods in the design process. In the context of ongoing
discussions, a group of researchers argues that traditional sketching
should remain unchanged and that it is a design tool that can be used
in the conceptual design stages. Another group of researchers argues
that using CAD tools developed to support, extend, or change sketches
can contribute to obtaining more effective results in the design stages.
On the other hand, researchers looking at newer developments argue
that sketch-based artificial intelligence can contribute to achieving
inspiring design results. In this context, sketch-based Al design
produces content through hand-drawn sketches, a combination of two
tools. In addition, some advocate the mixed-media method, where
traditional sketching methods are used together with computational
design methods. In conclusion, it is evident that with the development
of digital design tools such as CAD, in pursuit of Al, the tools used in
architecture also develop and change. Although it is not yet possible to
assert the superiority of one method over the other, it is evident that
traditional sketching with paper and pencil continues to hold significant
relevance and effectiveness in the design process despite its long-
standing use.

The findings of this study, it is clear that the interaction between digital
design tools and traditional sketching has significant potential in the

312

JCoDe | Vol 5 No 2 | September 2024 | New Epochs in Digital Craftsmanship| Yildizoglu, N.



313

design process. While much of the analysis has focused on pairwise
comparisons between these methods, the value of using them in
tandem should not be overlooked. This study focuses on a third
scenario, where integrating digital design tools and traditional
sketching facilitates a fluid "switching behavior" that enhances creative
exploration and problem-solving. The mixed-media approach enables
designers to utilize the strengths of both mediums, resulting in a more
dynamic and adaptable design process. Furthermore, this research
introduces a novel perspective to the existing body of literature by
providing a comprehensive and intricate evaluation of how the
integration of hybrid practices can elevate and enrich the design
environment. This nuanced analysis offers an in-depth framework for
comprehending the dynamic and evolving role of mixed media in
contemporary design practice.
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The combination of gamification and Building Information Modeling (BIM) can be
described to support user participation, decision-making, and collaboration in
design contexts. Within this aim, this paper presents a literature review on the
potential of using gamification in the BIM framework to create immersive
participatory design environments. Active involvement of stakeholders by the
corporation of gamified components such as challenges and interactive simulations
into the design process enables better decisions and enhances user experience.
Further, gamification integrated into BIM brings the potential to improve user
behavior and decision-making at all stages of the design lifecycle but also the
limitations and challenges. It can encourage stakeholder interaction and provide
real-time input allowing various stakeholders to make meaningful contributions
towards sustainability goals. This study examines recent developments and trends
in extended reality (XR), augmented reality (AR), and virtual reality (VR). These
advances significantly enhance gamified Building Information Modeling (BIM)
environments as being immersive. In addition, it points out some challenges, and
ethical concerns encountered with these technologies. Furthermore, this paper
highlights some tools and their advantages, disadvantages, pricing, and key
elements. Designers can create interactive experiences by combining these
technologies with virtual and physical environments. BIM environments powered
by gamification can be used in BIM workflows to reach their full potential in shaping
future design practices. These include ways to advance cooperative design
processes by creating immersive spaces for different stakeholders’ interests and
keeping up with emergent technology.
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Oyunlastirma ve Yapi Bilgi Modellemesi (BIM) kombinasyonu, tasarim
baglamlarinda kullanici katilimini, karar vermeyi ve isbirligini desteklemek igin
tanimlanabilir. Bu amac¢ dogrultusunda, bu makale, sirukleyici katilimcr tasarim
ortamlari olusturmak icin BIM cercevesinde oyunlastirma kullaniminin potansiyeli
Gzerine bir literatlr taramasi sunmaktadir. Zorluklar ve etkilesimli similasyonlar
gibi oyunlastiriimis bilesenlerin tasarim slrecine dahil edilmesiyle paydaslarin aktif
katilimi daha iyi kararlar alinmasini saglar ve kullanici deneyimini gelistirir. Ayrica,
BIM'e entegre edilen oyunlastirma, tasarim yasam doéngisinidn tim asamalarinda
kullanici davranisini ve karar verme slrecini iyilestirme potansiyelinin yani sira
sinirlamalar ve zorluklar da getirmektedir. Paydas etkilesimini tesvik edebilir ve
cesitli paydaslarin strdirilebilirlik hedeflerine anlamli katkilarda bulunmasina
olanak taniyan gercek zamanl girdi saglayabilir. Bu calisma, genisletilmis gerceklik
(XR), artirilmis gerceklik (AR) ve sanal gergeklik (VR) alanlarindaki son gelismeleri ve
egilimleri incelemektedir. Bu gelismeler, oyunlastiriimis Yapi Bilgi Modellemesi
(BIM) ortamlarini strlkleyici olarak 6nemli olgtide gelistirmektedir. Ayrica, bu
teknolojilerle karsilasilan bazi zorluklara ve etik kaygilara da isaret etmektedir.
Ayrica, bu makale bazi araglari ve bunlarin avantajlarini, dezavantajlarini, fiyatlarini
ve temel unsurlarini vurgulamaktadir. Tasarimcilar bu teknolojileri sanal ve fiziksel
ortamlarla birlestirerek etkilesimli deneyimler yaratabilirler. Oyunlastirma ile
desteklenen BIM ortamlari, gelecekteki tasarim uygulamalarini sekillendirmede
tam potansiyellerine ulasmak igin BIM is akislarinda kullanilabilir. Bunlar arasinda,
farkli paydaslarin ilgi alanlarina yonelik strikleyici alanlar yaratarak ve gelisen
teknolojiye ayak uydurarak isbirligine dayali tasarim streglerini ilerletmenin yollari
yer almaktadir.
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1. INTRODUCTION

This modern architectural technique for incorporating gamification
techniques into Building Information Modeling (BIM) is still in its
infancy. The new approach involves game design features such as
obstacles, incentives, and interactive experiences in customary design
workflows to achieve greater user motivation, decision-making, and
collaboration (Selin et al., 2019; Zichermann & Cunningham, 2011). The
main research method used in this study is an extensive review of the
literature. With a special emphasis on participatory design and
extended reality technologies, the review attempts to synthesize the
body of research that has already been done about gamification and
BIM integration. The way gamification has been included in BIM and
participatory design processes, as well as the possible advantages and
difficulties of doing so, have all been critically examined thanks to this
methodology. There are two major research questions for this study:
Initially, what could be the future directions and ethical challenges that
can address the participatory design, cooperation, decision-making
processes, and user engagement while integrating gamification
approaches into BIM? This question highlights the complexity and
attendant hurdles in considering the benefits and ethical issues derived
from such integration. Secondly, how does participation in design
throughout the lifecycle of a project change due to the adoption of
gamified BIM environments? How can these be customized for
different stakeholders’ needs? Design projects benefit greatly from
collective intelligence including these perspectives seeing that different
stakeholders contribute their knowledge towards common goals.
These have attractive implications for stakeholders and end users (Luck,
2003, 2007; Hou and Rios, 2003). Gamification combined with BIM
offers an advanced possibility for improving collaboration, decision-
making, and user involvement through the design process. This can be
achieved through the gamified components that promote active
participation of actors leading to improved user experiences and
making informed decisions (Hanus & Fox, 2015; Hassan & Hamari,
2020; Hofacker et al.,, 2016). However, it also contains challenges
covering data security, equity, and unintended outcomes (Bevins &
Howard, 2018). Designers should address gamification applications
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parallel with cultural norms and values (Armstrong & Landers, 2018).
The application of BIM is expected to undergo technologically based
transformations in the future through the adoption of virtual reality
(VR), augmented reality (AR), and extended reality (XR) (Ng et al., 2023).
These technologies and simulations through which reality gets mixed
with the virtual world become possible and may extend creativity and
collaboration in the design environments (Rubio-Tamayo et al., 2017;
Schrom-Feiertag et al.,, 2020). VR, AR, and XR can be taught in
interactive and sensory groups. Accordingly, one can use it as a tool that
architects use to involve stakeholders in the decision-making process
and transform their physical setting for better results according to their
preferences and objectives (Jamei et al., 2006; Sanchez-Sepulveda et
al., 2019). Therefore, gamification combined with BIM offers a
groundbreaking approach for busier, holistic, and diversity-based
design paradigms. By incorporating gamified approaches within
immersive systems, designers can develop socially beneficial, ethically
responsible spaces for creative authoring and design participation
(Petrova et al.,, 2017). By bolstering the overall user experience, it
elevates the standardized approach to design and enriches the design

process for a better future.

2. PARTICIPATORY DESIGN IN THE DIGITAL ERA: LEVERAGING
BIM FOR INCLUSIVE COLLABORATION

Specifically, about design-oriented techniques such as toolmaking
(Gaver et al.,, 1999), analog workshops (Gaver, 2012), or design probes
(Mattelmaki, 2006), participatory design shares commonalities
primarily in this regard. It seems that the more the specialists also
become part of the user set, the harder the line of authorship and the
more difficult it is to design. Luck (2003, 2007) contends that the
knowledge exchange and the seeking of more refined design
perspectives can be facilitated and realized if designers draw upon the
capabilities of the userbase to ensure good design guidance; explore
potential design outcomes within the user’s collaborative initiative; and
enhance efficient interaction with users. Developments in digital
technology have created a lot of tools and software that are being
integrated into participatory design. Some examples of these tools and
software are video games, simulations, virtual charrettes, and data
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visualization (Hou & Rios, 2003). This could occur using the application
of digital technologies to enable users to experience actual living
environments and design processes as they take place and appreciate
some of the intricate social challenges that stem from their habitats and
generate intelligent input (Al-Kodmany, 2001). For example, the use of
technologies like virtual and augmented reality, extended reality,
gamification, and building information modeling, can all be leveraged
to create more engaging experiences. BIM environments can be
additional to consumer engagement or peer decision-making and
collaboration in design contexts and attract people who are
uncomfortable about hand drawing and handcrafting to express
themselves through interactive digital interfaces exploring the city
appreciation. Both the users and the stakeholders can engage in it
actively and providing preliminary response incentives to increase
engagement, could enhance user experience. The National Institute of
Building Sciences (Eastman et al., 2011) has a better description for BIM
as “anintegrated planning, design, construction, and operation process
using a digital representation of the physical and functional properties
of each building form in a computable object model with life cycle
support.” Eastman (2011) on the other hand, defines BIM as a modeling
technology and related set of processes to produce, and exchange,
which not only refers to building models but can also refer to other
defined models of engineered systems such as the stages in production
and the stages along the project lifecycle. BIM allows all important
design decisions to be made digitally at the working drawing stage
before the start of actual construction. This raises the level of
confidence in every aspect of the project, including goals, sustainability,
quality, cost, and timeline. The impact of BIM on design is noticeable at
every stage of the building process. For instance, it facilitates
integration and feedback for early conceptual design decisions
(Elghaish and Abrishami, 2020). Energy efficiency standards are also
incorporated at the design stage (Beazley et al., 2017; Jalaei et al,,
2020). Finally, it evaluates a variety of construction alternatives'
inherent environmental impacts (Rock et al., 2018; Rezaei et al., 2019).
Construction-level  modeling,  which includes requirements,
specifications, and cost estimation, is the initial step, according to
Sadeghi et al. (2019) and Wang et al. (2017). Next is the support for new
information workflows and the integration of engineering services. The
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construction of the collaborative design integration is complete. To
evaluate different design possibilities and optimize design
performance, construction BIM aims to replicate construction project
processes and tasks (Eastman et al., 2011). As a result, BIM is one of the
digital tools for simulating virtual environments associated with
infrastructure, building, and design projects (Sanchez et al., 2022). In
addition to increasing user experience by enhancing users’ engagement
with 3D models, it can also improve participatory design within
immersive settings and produce more productive schematics and
construction design drawings for new building renovation works
(Kapogiannis et al., 2020). There hasn’t been much research done on
user-3D  model interactions, despite evidence that suggests
gamification techniques could be added to 3D modeling software
platforms to increase user engagement (Kapogiannis, 2020). A
framework that enables people to create immersive environments
using VR devices like Oculus Rift, for example, could be developed by
combining gamified BIM with participatory design. Wearing AR glasses
like HoloLens, users would walk through architectural designs while
holding controllers that would allow them to interact with various
building components represented by XR objects displayed around

construction sites.

3. INTEGRATING GAMIFICATION WITH BIM FOR ENHANCING
PARTICIPATORY DESIGN

The meaning given to gamification is the incorporation of design
elements from games into non-game environments to motivate and
engage people (Selin et al.,2019; Zichermann and Cunningham, 2011).
Involved experiences for individuals should have gaming features in
them and this means that they must become part of our everyday life
systems even outside sports activities. “Applying game mechanics,
aesthetics, and game thinking to engage people, motivate action,
promote learning, and solve problems” is one of the ways how Kapp
(2012:10) defined gamification. The basis of gamification is the Human-
Computer interface theory combined with theories related to
incentives. According to Armstrong & Landers (2018) using digital or
analog means of presenting these features involves referring to them
as games while we talk about applying structural design patterns and
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concepts for enhancing employees’ involvement in workplaces (Bevins
and Howard, 2018). This new tactic becomes valuable under high-
stakes conditions since it allows users to make comparisons by choosing
among alternatives easily which could not be possible if they were only
described in words that may vary greatly based on different
interpretations given by each person ( Pham & Bui, 2023). In the article,
Koivisto and Hamari (2019) defined gamification as an approach to
design that seeks to make systems and services more enjoyable
through “game-like” experiences or by borrowing design elements
from games. They argue that gamification is used in marketing, health,
and education among other fields to enhance user participation (Hanus
& Fox 2015; Hassan & Hamari 2020; Hofacker et al. 2016). This has led
to organizations both in the public and private sectors adopting
gamification together with smart technology as a way of raising the
levels of engagement with their audiences. According to Deterding et
al. (2011), gamification may be described as an umbrella term referring
loosely to the use of video game mechanics and elements outside the
gaming context to improve user experience (UX) and increase user
engagement with the system. In the construction industry, after
Building Information Modelling (BIM) was invented along with digital
simulations and virtual environments, there emerged methodologies
grounded on digitization such as gamifying work processes by utilizing
game engine settings for simulating different scenarios. Historically
speaking game-based technologies were mainly used within the
construction sector for purposes like training workers or providing
clients with alternative ways through which they could experience
designs visually (De Marco 2022). The gaming engines’ increased
compatibility with some well-known BIM systems like Unity 3D has also
caused a rise in the popularity of merging ideas between these two
industries to facilitate realistic environments in video games (De Marco,
2022). Gamification can be done at different project levels i.e., design,
build and use. It enhances traditional architectural software by
providing immersive experiences, fostering collaboration, enhancing
spatial understanding as well as stimulating creativity during the design
process (Hamari et al., 2014; Hakak et al.,, 2019). According to
Potseluyko et al. (2022), using a game-like platform alongside BIM may
simplify data transfer to a client hence making them more satisfied and
leading to increased sales. To improve the collaborative design process,
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it is necessary to reach out to users, interact with them, and sustain
such engagement over time (Ingvarsson et al., 2023). The project will
benefit greatly from the active involvement of participants who may
introduce immersive worlds or include people who would not have
been brought on board otherwise. This is part of gamification which
“gets a person’s attention and keeps it” as defined by Kapp (2012:11).
It appears that gamification is important from an engagement
perspective and designing spaces that can be inhabited by local actors
requires involvement (Heravi et al., 2015). When participatory design
first used elements of game design (Deterding et al., 2011), it became
known as gamification, a concept that is defined by applying
competitive challenges and rewards to alter conduct as well as increase
involvement (Sanders, 2000; Brandt & Messeter, 2004). Gaming
elements can stimulate motivation, interest, and concentration among
people more effectively than any other form of teaching aid would do
so alone (Leite et al., 2016). Leite et al. (2016) further posit that
gamifying tasks makes them less boring or difficult for individuals while
at the same time fostering cooperation and social interaction through
shared fun experiences. Such an approach has consistently proven
successful at boosting staff morale, commitment levels, and overall job
performance across various types of organizations (Oke et al., 2023).
And Kapogiannis et al., (2020) did thematic analysis. End-users have
reported that they were able to enhance their coordination,
communication, discussion, and suggestions. Kapogiannis and Sherratt
(2018) attributed it to a “collaborative culture.” Gamification paired
with BIM integration can increase design comprehension. Participants
might work together or against each other in other groups or teams for
shared objectives. As a result, a sense of community is built leading
people to assist each other achieve their goals (Feng et al., 2022; Xiao,
2022). Instead of using BIM alone, immersive spaces can be created
through gamification technologies in addition to participatory design.
During collaborative design processes, these systems have virtual
attributes designed to make shared applications applicable. According
to Sanchez et al. (2022), “gamified data model within BIM could offer
various capabilities and simulations which can also improve the user
experience while giving more detailed design information as well.”
There are many contexts and design problems that may be helpful by
using these strategies like Selin and Rossi (2020). When applied to
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certain results, it can reinforce results popular among stakeholders and
end users, promote the essence of teamwork, accelerate the design
phase, optimize the experience of the users, and increase the level of
inclusion, creativity, and innovation. The embracing of virtual,
augmented, and extended reality (VR, AR, and XR) technology in
business prognoses future trends and radical innovations. If designers
wish to meet users’ requirements, the solution is an example of an
immersive place; anyone capable of engaging in the designing or
building process can witness virtual environments and design engaging
places (Petrova et al., 2017).

3.1. Future Directions and Developments Through VR, AR, and
XR

The traditional use of VR, AR, and XR has proposed a transformative
shift in architectural and urban design as stakeholders can be involved
in the design and planning processes (Jamei et al., 2006; Sanchez-
Sepulveda et al.,, 2019). Traditionally, architecture and urban planning
involve people through conventional consultations, however,
integrated design can engage, empower, and enable people and end-
users to develop architectural and urban settings (Nabatchi et al., 2015;
Wates, 2014). The adoption of VR, AR, and XR in participatory designs
presents opportunities for engaging users in design proposal
discussions and implementation through visually concrete and
interactive environments (Schrom-Feiertag et al., 2020; Rubio-Tamayo
et al., 2017). This also could be a result of advancements in technology
and an increase in the compatibility of game engines that allows for
more research to be done with exploring XR for BIM in recent years (Ng
et al., 2023). More and more decision-makers integrate virtual reality
into participatory design for architecture and urban design, asserting
the need to assess the effectiveness of different forms of VR
technology, BIM, and gamification in particular, for a successful and
engaging participation as well as overall performance of the design
process (Ehab et al., 2023). These technologies can support the co-
designing of built environments through different parties and actors
creating, planning, designing, and interactively visualizing. How it is
beneficial or disadvantageous to implement gamification in BIM, and
how it is possible to apply VR, AR, and XR to design realistic
environments are also worth considering, as well as the opportunities
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and prospective but also together with the limitations and ethical
challenges. Examples of gamification within BIM have been discussed
in the literature, such as the study by Jamei et al. (2006), where virtual
reality (VR) was used to engage stakeholders in a participatory design
process. Another example is provided by Sanchez-Sepulveda et al.
(2019), who explored the use of augmented reality (AR) in real-time
visualization of design options, allowing for immediate stakeholder
feedback and adjustments within the BIM model.

3.2. Exploration of BIM and Gamification Integration: An
Analysis of Tools

BIM and gamification characteristics provide on the one hand the
benefits of each approach to optimize project management, teamwork,
and productivity enhancement tools in the construction field on the
other hand. This section shares insights on how BIM and gamification
can be integrated, examples of technologies, advantages and
limitations, cost considerations, and key aspects when implementing
this combination.

It ought to be noted that not only has the utilization of gamification and
BIM come a long way since their integration in addressing the
construction industry challenges in cooperation and engagement but
has also delivered intelligent solutions to boost interaction and
productivity. The above technologies reveal how the application of
gamification in the BIM traditional software could enhance the usability
and interactive features of the systems (Table 1). However, these
technologies pose certain challenges that accompany them and require
further investigation and practice to address in additional studies and
projects.

Strengths:

e Enhanced User Engagement: Gamified features like rewards,
immersive experiences, and progress tracking keep users
engaged and motivated throughout the process.

e Improved Collaboration: Project stakeholders are encouraged
to communicate and work together more through tools like
Synchro and BIM 360.
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Software

Advantages

Disadvantages

Price

Key Elements

BIM 360: A tool that developed by
Autodesk for project tracking and

It provides thorough tracking
and visualization, strengthens

May be difficult to set up,
need a lot of training, and cost

Enterprise pricing is

available upon

Dashboards,
document

performance  visualizing  that | accountability and motivation, | more for all features. request, with starting | management, issue

employs gamification techniques | boosts teamwork, and connects prices for each user | tracking, award

to foster engagement and | effectively with other Autodesk being $480 annually. programs, and

enhance productivity. products. progress
monitoring.

Synchro: As a conceptual utility | Increases cooperation, boosts | High learning curve, | The annual cost of | Collaborative

used in gamifying construction | planning  and scheduling, | potentially costly, and | licensing is roughly | platform, schedule

sequences and improving | detects any problems early, and | necessitates large  data | $2,000 per user. optimization,

collaboration and planning and | visualizes the steps involved in | intake. problem

currently in its fourth | building. visualization,  and

dimensionality, a 4D BIM

program.

4D simulation.

Enscape: One of the most basic
BIM plugins which makes BIM
models for real-time rendering,
and virtual reality.

Real-time rendering, immersive

virtual  reality  experiences,
enhanced design
comprehension, easier client

presentations, and early design
flaw detection.

Requires VR-compatible gear,
may call for a large amount of
processing power, and has a
higher initial hardware cost.

at $39 per
user, each month.

Begins

Virtual reality tours,
real-time rendering,
design
representation, and
client presentation
tools.

BIMobject: There is a platform
that  has
elements

assumed
with the
encouraging people to download

gaming
intent of

and apply BIM objects.

Enhances user interaction,

encourages heavy usage of BIM
interfaces

components, and

with different BIM programs.

find
gamified features appealing,

Not every user will

and for optimal benefit, active
engagement is required.

Basic access is free,
while premium
features have a

bespoke price.

User awards,
accomplishment
badges,
leaderboards, and a

large library of BIM

objects.
Buildertrend: One example of a | Increases productivity and | It takes time to set up and | Core features have a | Gamification of
project management program | increasesuser engagementwith | learn, can be overwhelming | monthly pricing of | tasks, visual
which is used for the | processes, visual progress | for first-time users, and may | $99, but advanced | progress
incorporation of gamification into | tracking, and task completion | cost extra for advanced | options come at an | dashboards,
tasks, progress, and milestones. reward systems. capabilities. extra expense. tracking of
milestones, and

user rewards.

Table 1: Comparison of

Gamification-Enhanced BIM e Efficiency and Productivity: Tools like Buildertrend and

Softwares. BIMobject enhance project management processes, increasing
productivity and efficiency.
Weaknesses:

e High Learning Curve: Many of these technologies can be tricky
to set up and use correctly, and they sometimes call for a lot of
training.
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e Cost: For smaller organizations, the upfront and ongoing costs
of these products may be prohibitive.

e Compatibility and Integration: Ensuring compatibility with
current systems and integrating various tools may pose
challenges and require a significant amount of time.

Suggested Guideline/Pipeline:
Based on the literature, the following guideline/pipeline could be used
as a recommendation for gamification integration with BIM in
participatory design:
e First Stakeholder Engagement: Talking about the objectives of
the project and creating a participatory framework (Snyder,
2019).
e Gamified Design Sessions: Including stakeholders in the usage
of VR/AR tools (Sanchez-Sepulveda et al., 2019).
e Continuous Feedback Loop: Sharpening the study by placing a
feedback system (Hou & Rios, 2003).
e Final Review and Adjustments: Improving the design utilizing
the information and understanding gained from the gamified
sessions (Kapogiannis & Sherratt, 2018).

3.3. Impacts and Benefits

Better judgments are taken, more effective and efficient problem-
solving strategies are applied, design alterations are enhanced, and
presentation visual quality is increased when these technologies are
used in the design process. These technologies have the potential to
improve user experiences, offer collaborative design, and
interoperability of design and delivery processes, and support various
design and building simulations. They can also support information and
data visualization, team coordination and collaboration, process
monitoring and control, and different designs (Alizadehsalehi and
Yitmen, 2021). As a result, immersive spaces are promoted, the
project's life cycle is shortened, and the overall cost is reduced. This is
accomplished through better planning, more efficient use of resources,
and the development of materials, processes, and resources. These
technologies are well known for helping professionals and clients
engage in more fruitful ways, and game technologies are successful in
helping scientists and professionals solve problems. Furthermore, its
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application reduces the inefficiencies caused by data and information
overload, improving information intake and project understanding.
Overall labor costs and project length can be reduced by reducing
errors and rework and improving time management (Delgado et al,,
2020; Rahimian et al., 2019; Guray and Kismet, 2022). The power of
game technology to promote more fruitful interactions between
professionals and clients is widely acknowledged. They are also helpful
in resolving business and scientific problems. They can be very helpful
in decreasing the cognitive workload of workers during various building
and assembly tasks and in decreasing the amount of time spent on
building component selection and assembly processes and operations
by augmenting images and the ambient environment illustrated in the
relevant devices (Jetter et al., 2018; Hou et al., 2015; Oke and Arowoiya,
2021). While some studies focused on the use of XR technologies in the
project’s conceptual stages, others were mainly concerned with how to
set up the workstation during construction (Potseluyko et al., 2022).
According to Hou et al. (2015:3), using XR during construction and
assembly tasks that provide dimension comparison and position
determination can greatly reduce the amount of time needed for
component selection and assembly as well as effectively reduce
assembly errors. Making use of this technology in the design and
construction phases can improve information retrieval, collaboration,
and communication between various technologies and human and
guided channels. By integrating virtual mediums into actual
surroundings and imitating prototypes convincingly in real scenarios,
workers can obtain valuable knowledge. Employees can see their
immediate surroundings and the task at hand more clearly as a result.
More precisely, by reducing the amount of time required for task
completion, search and reading times, errors and reworks, and physical
demands like head and eye movements and mental transformation
that are necessary for building and assembly tasks, the use of XR in
building tasks and processes improves the productivity/efficiency of the
project overall. One way to highlight the main advantage of
implementing XR in construction processes is that it will lessen the
cognitive burden on employees. As a result, there is a reduction in the
overall resource and embodied energy waste, project time and budget,
and all the above (Kwiatek et al., 2019; Jetter et al., 2018; Wang et al,,
2016; Meki and Lemieux, 2014; Chen and Xue, 2020). Therefore, XR
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technology can drastically increase the efficiency of the design and
construction industries by reducing the project's overall cost and the
amount of time spent on it. What matters more, though, is that they
increase the initiative’s sustainability. Reducing the amount of labor,
rework, energy, and resources used in a project can help lower the
carbon footprint and pollution (Delgado et al., 2020; Hajirasouli et al.,
2021; Lamptey et al., 2021). Human-Computer Interaction (HCI) has
been improved, the end-user experience has been enhanced, and
environments have been improved through the integration of
technologies through BIM with gamification and Virtual, Augmented,
and Extended Reality Technologies, according to research by
Kapogiannis et al. (2020) and Stakeholder communications are also
improved in small scale constructions and developments.

3.4. Limitations and Challenges

However, promising areas for further investigation of the potential
negative effects of employing these technologies and their plugins in
BIM and the level of user engagement and participation in designing
the building have been identified (Yu et al., 2022; Safikhani et al., 2022).
While VR plugins can enrich visualization, it remains disputable how
effective they can be for the development of interactive participatory
models and for creating engagement (Davidson et al., 2020; Huang et
al., 2019). Because plugins have little user interaction, further research
is needed to determine how best to apply participatory design,
especially regarding stakeholder engagement and involvement.

3.5. Ethical Considerations

Thinking over the problem of using different forms of virtual games and
calling it gamification in the formal business world, then the question
of participant exposure to the risk of being exploited arises (Leite et al.,
2023). Ethics in the context of this work done by Paul and Elder (2003)
refers to a set of concepts and principles that help in identifying what
conduct fosters or detracts sentient beings. The use of gamification in
the workplace comes with some ethical issues and hence deserves
some lending of the ear. The potentially negative effects of wrongdoing
in gamification include the creation of competition between co-
workers, which could potentially lead to demotivation of the workers if
intrinsic motivational tools replace the external ones (Korn & Schmidt,
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2015). From the study by Korn and Schmidt (2015) on gamification in
the marketing field, this technique has been applied to screen and fire
underperformers in organizations. Thus, it implies that while applying
the concept of gamification, certain precautions should be taken to
avoid the situation which can turn into a dangerous pressure cooker
where the employees’ positive emotional and social experiences at
work could be overshadowed with negative shading, or into useful
means for the change of the climate in the team and employees’
engagement (Shahri et al., 2014). According to Thorpe and Roper
(2019) in their study regarding ethics in marketing use of gamification,
they put a stress point on the criteria utilized as the basis for defining
the specific relating to social responsibility, honesty, and truthfulness
which all participants must follow. We can also argue that strictly
speaking, people who advocate gamification are not interested in
inflicting physical, let alone psychological, pain upon their fellow man.
Chou (2015) states that for a gamified system to be considered ethical,
it needs to fulfill two essential requirements: first, it is necessary to
inform completely about the purpose of such functioning; secondly, the
user should agree with the given kind of service. While it is significant
that Marczewski (2017) stressed the importance of ethical aspects to
be taken into concern when designing gamified systemes, it is important
to see that the two pillars of ethical issues in gamification are
Transparency and Permission. To elaborate on the ethical issues
surrounding the gamification of education, O’Sullivan et al. (2021)
argue there is a need for moderation of aspects that may tactfully invite
manipulation leading to the abuse of the tool. As per the ethical
implications of engaging customers through gamification in interactive
marketing, Al-Msallam et al. (2023) pointed out that it is high time to
be significantly applied to avoid negative outcomes. Conversely, Kim
(2015) in the analysis of misevaluation, seeks to identify the moral
strategies that the “users” are exploited or manipulated, and the
author strives to protect the “user” autonomy and well-being. Drawing
from their literature on ethical objectives of gamefulness in healthcare,
Coelho and Reis (2021) further make a big emphasis on the significance
of stakeholder engagement to enhance moral conduct. There is
presented a detailed overview of gamification ethics by Hyrynsalmi et
al. (2018) who state that moral challenges are a critical factor in
designing and implementing gameful systems. The identification of
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participatory design with game-centered design raises questions on
various ethical concerns linked with data acquisition, protection, and
tracking. It is not unusual for gamified elements to rely on sophisticated
data acquisition mechanisms to acquire data and patterns from the
users to achieve increased levels of user engagement and active
participation. But these are procedures that require additional careful
consideration of the ethical consequences. Since gamification involves
making users engage in positive behaviors, they must be tracked to
revisit the same action. While such data collection can increase
efficiency and individualization, concerns arise regarding consent,
transparency, and potential discretionary use. While there are benefits,
the rights associated with participants, including their privacy, may be
compromised if users are not always fully aware of how much data is
being collected or used (Marreiros et al.,, 2016). In addition, the
collection and analysis of personal information and data make
individuals more susceptible to discrimination and manipulation if
proper measures are not implemented. Additional ethical issues come
to light if the effectiveness of the created gamified systems includes
such elements of control. Regardless of whether they are implicit or
hidden, surveillance approaches can pose risks that undermine user
liberty and create default suspicion. Besides, the intimidation perceived
through surveillance may have feelings such as compliance and self-
policing, which translates to a lack of genuine involvement and
cooperation in participatory design processes. Hence, to reduce
measurable threats and to sustain user trust, significant consideration
must be provided to the rationale, proportionality, as well as
perimeters of overseeing tactics. Concerning gamification, as well as
participatory design, privacy, emerges as a critical concept not only
because of the protection of data but individual freedom as well. These
are theoretically excellent but practically perilous due to several factors
such as the use of gamified systems and large data traffic, which
inevitably raises the risk of violations of privacy and unauthorized
access (Felt et al., 2016). Namely, when their data are shared without
their permission or utilized for algorithmic profiling, people feel forced
and endangered. The application of effective technical barriers,
openness of the privacy rules, and user control solutions are the
requirements for privacy preservation. Ethical concerns involving data
gathering, surveillance, and privacy in gamification and participatory
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design, where the values of innovations are juxtaposed with
accountability, bring out the importance of balancing the two. These
principles can be realized by practitioners so that ethical engagement
and cooperation are achieved effectively via priority given to the
aspects of transparency, permission, and user-oriented empowerment.
However, real, and continuous monitoring and discussion are required
to address new ethical concerns and ensure that gamified systems
maintain the foundational principles of justice, respect, and dignity.

4. CONCLUSION

In many aspects, it may be considered that the use of game design
elements coupled with Building Information Modeling (BIM) becomes
a transforming moment in today’s design practices, it has the potential
to become revolutionary in terms of creating immersive environments
and fostering collaboration in team projects. By incorporating such
mechanics into the learning and design process, resolution of the
challenges, and decision-making in scenarios with the help of
simulations, for example, stakeholders are enabled to engage in the
practice of participatory design for diversity, creativity, and innovation.
This collaborative approach stresses the processes for the design of the
physical deliverable, fabrication, and construction that yield improved
value for the client and the stakeholders, reduce project costs, and
deliver optimum value. This is enhanced by tools like BIM 360, Dalux,
Synchro, & Enscape, BIMobject, and Buildertrend. Extension of reality
in VR, AR, and XR technologies enhances the complexity of design
environments by reinforcing actual-like settings and concurrently helps
stakeholders engage more due to combined reality and virtual reality
experience. Nonetheless, the complex ideas about ethics on data
protection, equality, and emergent consequences must be paid much
attention in the construction of gamified BIM systems. Meanwhile, to
fully realize the potential of gamified BIM environments, designers
must be willing to apply changes in ethical approaches and
technological advances to counter these challenges. This includes
incorporating robust data protection measures for gamified
interactions, ensuring data contributed by users is competent and that
rewards coupled with punishment are balanced, and fundamentally
eradicating unpredictable consequences by organizing detailed risk
assessments and contingency measures. Engaging experts across a
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variety of fields to participate in design and technology decision-making
can serve to provide insights and approaches for navigating the
complex ethical realities of gamified BIM environments. Designers may
fully capitalize on gamified BIM settings to construct convincing
locations that would ultimately blend actual and digital worlds into a
singular setting and could apply these concepts and practices to meet
the different objectives and goals of every stakeholder involved. The
reconnaissance of optimistically configured BIM settings could be
realized through gradual improvements and organic innovation; the
new paradigm of social, Integrated designs may well be on the horizon
as BIM opens the door to including and enhancing the pleasures of pro-
developmental creations and innovations.

Recommendations for Future Studies:

e User-Centric Design: The goal of future research should be to
lower the complexity and learning curve of these technologies
to make them easier to use.

e Cost-Benefit Analysis: To offer more precise Return on
Investment (ROI) information, studies ought to assess how
cost-effective certain solutions are in different project
scenarios.

e Integration and Interoperability: It is possible to increase the
usefulness and usability of various BIM and gamification
solutions by creating standards for improved integration and
interoperability.

e Ethical Considerations: To guarantee that these tools are used
appropriately, it is imperative to conduct an ongoing
examination of the ethical implications of gamification in
professional settings.

Gamification and integration with Building Information Modeling (BIM)
offer a practical solution to enhance collaboration and project
management in the construction industry. Tools like BIM 360, Dalux,
Synchro, Enscape, BIMobject, and Buildertrend demonstrate how
incorporating gamified elements can boost user engagement,
efficiency, and productivity. Although these technologies have many
benefits, like enhanced productivity and a better user experience, there
are drawbacks, like a somewhat steep learning curve and compatibility
problems. To effectively benefit from this integration, user-centric
design approaches such as participatory design must be prioritized in
future studies and projects. It is crucial to involve end users in the
development process, carry out exhaustive cost-benefit evaluations,
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guarantee seamless integration and interoperability, and handle
persistent ethical issues. By addressing these issues, the construction
sector may better stimulate innovation and enhance project outcomes
by utilizing the benefits of BIM and gamification. It’s critical to recognize
that there are many moving parts involved in realizing the revolutionary
potential of gamified BIM environments. It calls for an all-encompassing
approach that considers technological innovation, ethical
considerations, and interdisciplinary collaboration. Through cautious
handling of these problems, designers might build a future in which
immersive and participatory design methods enable stakeholders and
mold the built environment to fulfill societal expectations.
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