mu Az
VOL:2, NO:1/2, 5261, 2005172

Information and Communication Technologies in
Design Studio: New Tools, Strategies and Techniques
at Work

Arzu Erdem, Burak PAK
Istanbul Technical University Faculty of Architecture, Istanbul, TURKEY

Received: August 2005 Final Acceptance: January 2006

Abstract:

The latest technological innovations in ICT led to a paradigm shift from mechanical to digital
resulting in a remarkable change in design conception and its application. The architecture of
information age is varied, and this variation is a potent source for teaching and research. The
evolving free form vocabularies [and the techniques to generate and realize them] contribute
to the breakdown between disciplines: the software tools to develop these forms are shared
by a variety of disciplines, thus blurring the boundaries between specialized professional
practices. This paper aims to discuss the use of integrated methods and approaches in
architectural design process through various approaches and models which are implemented
and tested in ITU Faculty of Architecture.

ICT in Design Studio: A Brief History

Starting from the use of first algorithms for generating building layouts
(Whitehead, 1965), first integrated packages for building performance
appraisal and first computer perspective drawings were generated in the
following ten years. Preliminary work on “computer aided architectural
design” was related with simulation of function. The so-called “oil-crisis”
around 1970 provided a stimulus to software developments which sought to
appraise design schemes in relation to their energy-efficiency (Maver, 2002).
Development of robust drafting systems, dynamic energy models, design
decision support systems, integrated packages for building performance
appraisal and photorealistic rendering engines affected architectural design
education irreversibly.

The integration of ICT into architectural design education became a subject
of debate in 1970’s and 1980’s, starting with William Mitchell (1974), Tom
Maver (1979), John Gero (1980), Charles Eastman (1981), Alan Bridges
(1983), Omer Akin (1985), Ulrich Flemming (1985), and Malcolm
McCullough (1989). Latter publications were focusing on pedagogical and
technological potentials of using ICT in design studio while earlier ones
highlighted “new” design computing graduate programs founded in their
departments.



Since the publication of the proceedings of the 1989 CAAD Futures
conference as "The Electronic Design Studio”, experiments about using
computers in studio became widespread (Gross and Do, 1999). ICT has
started to be integrated to undergraduate design studios. The paradigms for
computational design pedagogy were: representation based, design-process
based and design product based (Akin, 1989). Representation based
paradigms were accepted by William Mitchell whereas design product based
paradigms were accepted by Ulrich Flemming and Gerhard Schmitt.

During the 1990’s, ICT have changed rapidly enabling the development of
advanced representation environments and complex interconnected
networks. The computation performance has increased more than ten times
in ten years (Brenner, 1996). Different kinds of commercial interfaces have
been developed and computer aided manufacturing technologies have
improved and became more precise. Architects used these technologies for
the design, evaluation and management of complex architectures following a
new process called “file to factory”. This digitally mediated design and
manufacturing process ended up with new products which are named as
“blobs”, “hyper-surfaces” or “non-standard architectures”.

Architectural Design Education Now

The rise of the paradigm shift of an information society has clear and present
challenges for the future of architectural education, including the importance
of innovative practices, changes in the way buildings are conceived and
constructed, and demands for better compliance within contemporary
dynamics. The emergence of a domain of bits on par with that of atoms has
radically resituated the way in which the concept of value is understood.
Thus a real-virtuality has been constructed, in which immaterial bit-based
networks, processors, workstations and storage facilities have become
interlinked with physical artifacts, logistical systems, workplaces and
warehouses. As McQuillan states, the rise of a virtual world in no way
supplants the physical world; rather, it extends, augments and amplifies it
(McQuillan, 2005).

But the change is not limited to the process and the product: the complexity
of architecture has increased exponentially. In an information society, the
practice of architecture must be re-evaluated in the light of innovation. It is
no longer a situation where the precision of the design depends upon the
knowledge and the skill of the craftsmen and his ability to translate ideas into
built forms given the tools of craft and within the limitations of the materials
available. Hence, the architect needs to understand and re-evaluate this new
relationship between tool, material, structure and form.

New ICT Tools, Strategies and Techniques at Work:

This article aims to discuss the potentials of integrated methods and
approaches in architectural design teaching. The objective is to clarify the
cons and pros of the new digital design tools while exploring ways of
integrating them to new design education paradigms. Experimenting with
new tools and techniques is vital for education: it is experimental architects’
use of innovative techniques to generate new organizational processes that
enables them to understand the possibilities contained with the design
process. As a consequence, the deterministic notions of causality are
replaced with nonlinear, bottom-up systemic processes which produce
emergent effects. It is essential to develop theoretical frameworks and
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computational environments to relate computational thinking to design
process. The approach adopted through the experiments will highlight
integration of short term digital workshops to the design studio curriculum.
The aim is to focus on the potentials of a certain digital design tool relevant
to the problem at hand. The primary objective is not to limit the tools to be
applied to that of representation, but to introduce different tools relevant to
the problem at hand. Therefore, all of the experiments to be discussed
require the participants to isolate a design problem with constraints defined
a-priori, and tackle it with a relevant tool. In order to explicitly discuss the
cons and pros of new tools at work, various techniques were implemented to
integrate ICT to design education through short term workshops at ITU
Faculty of Architecture.

Case 1: the virtual museum/fluxxoid

Experimenting in the digital media also has the effect of moving the work
away from material limitations and restrictions thus allowing for interaction
with dynamic processes that contribute to rapid generation of creative design
alternatives that are void of material restraints. These new computational
tools/techniques lead to creation of innovative, free form, discrete structures.
Experimenting with design of virtual environments of dynamic information
exchange also possess potentials to trigger creativity. In the virtual
museum/fluxxoid experiment, the aim is to shift emphasis away from
structure as a static material object [museum: an enclosure to exhibit
artifacts for informative purposes] towards the temporal and dynamic
organization of mobile relations through space [virtual museum: a dynamic
medium of information exchange and interaction].

Fluxxoid is a virtual medium created by Ozener & Pak in 2001 as an
interactive model containing physical space representations and cyberspace
structures. The main function is to create alternative discourse for parallel
universe while enabling virtual existence in custom designed dimension.
Through the experiment, fifteen undergraduate architectural design studio
students were asked to design the dynamic virtual museums to enable the
specific information exchange function of their choice.

During the first stages of the work the participating students were quite
hesitant and conservative in re-thinking the museum typology, and the studio
was supported with lengthy discussions on the conventional museums and
how should their virtual counterparts be. Through the later stages the
resistance was broken and remarkable outputs such as museums of
empathy, sound, color and moving image were created.

Fluxxond
¥ Content
Generic Subspace Structure — Material
«  Concept G/ODbject  p—
*  Function behaviaor —  Transformation
2 Hyperlink
Telepods

Figure 1: Fluxxoid components and their relations
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Figure 2: Snap shots from virtual museum projects

Case 2: Cocoon

Architecture endorsed with new technologies goes through a potential
metamorphosis: the passage from abstract to concrete does not necessarily
need to be phased. The integration of CAD CAM processes enabled a
smooth path from idea to object. Until recently, general use of the computer
has been demoted to the world of virtual in addition to analysis. Recent
advances in IT, like the rapid prototyping tools, allow the users to move
directly from a drawing to real life model or object. Consequently, the
distance between virtual architectural hypotheses and the physical test of
making is eliminated.

In the cocoon experiment the participating graduate students were asked
design an individual shelter for the future. The aim is to experience a design
process completely realized in the digital medium. The proposed integrated
model was based on a definition of the design process in which conception
and development are realized in a 3d modeling environment. The proposed
environment was supported by manufacturing modules to enable the
physical models to obtain feedback and thus transform design. The model
was tested in an architectural design studio by 20 graduate students at
Istanbul Technical University, Department of Architecture. Through the
course of the studio, 3d modeling and manufacturing environments are
interpreted as a design medium rather than tools for representation. The
students were required to limit their design activity within the boundaries of
the proposed medium.

Design Problem Design (virtual medium) Small Scale Manufacturing
> »| (physical)
3d modeling+simulation CAM 3dprint

1 |

feedback

Figure 3: The proposed model
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Figure 4. Examples from the student works

Case 3: da351

Recent applications of genetic algorithms in architecture to generate new
funky forms shows promise for the computer as an active creative partner in
design. The aim is to use generative design tools to aid in achieving a
balance between aesthetic intrigue, efficiency and innovation in new
structural forms (Shea, 2005).

Experimental generator (XpGEN) is a plug-in that allows user to interact with
computer for experimental, intuitive and inspirational assistance at
preliminary phases by randomly generating multiple design alternatives
according to the limitations defined by the user a priori (Pak, Ozener, Erdem,
2003). The random directedness allowed by the tool also enables an
experimental medium to question the physical limits of the design process at
hand. The da 351 is a short term workshop integrated into first year
architectural design studio. Ten first year undergraduate students
contributed to the workshop. The primary objective is to propose is to obtain
random alternatives of a digitally generated form or structure within the limits
of rules and constraints set a priori. Aims of the workshop can be
summarized as to explore the potentials of digital tools for creating
architectural input, to implement a digital tool to support design studio, to
enhance architectural projects with still and animated inputs and to observe
how students use basic digital tools in design studio.

Case 4: PG.W [the box]

Recent applications of genetic algorithms in architecture to generate new
funky forms depend on the definition of the potential performance. As Elin
Diamond states, “...the study of performance is not to focus on complete
forms, but to become aware of performance as itself a contested space...’
(Hensel, Sotoma, 2002). Performativity is another subject of contemporary
discourse. It might be essential to clarify that performativity gives primacy to
formation over gestalt, to dynamic multiplicity over finite totality. In this
respect, performance can be defined as the interaction between the
designed dynamic object and the potential subject. The behavior of the
potential occupant in the entity is governed by the form of the medium, thus
defining a specific performance. PG.W is a workshop organized at Istanbul
Technical University, Faculty of Architecture in 2004. The workshop aims to
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focus on possible implementations of 3d modeling methods widely used in
entertainment industry while designing an environment for a defined
performance. The design problem is stated as to propose an exhibition
space within a pre-defined box enabling a certain performance. It is
essential to define a performance or series of actions rather than a form. By
integrating 3d modeling means to the design environment, it is possible to
enhance creativity and record design history, in other words, document and
evaluate all stages of development independent of chronological time.
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Figure 4: XpGEN modules and flow diagram

Figure 5: Structures generated with XpGEN

Conclusions

Beginning with the 1970’s, the
integration of ICT to design education
became the subject of a global
debate. Changes of working patterns
in the architectural profession have
impacts on the contemporary
architectural design education.
Consequently, changes in the
architectural practice, introduction of
new tools for design conception and
implementation and contemporary
demands of the construction industry
have raised questions regarding the
‘content’ of a contemporary
architectural design education. It is
argued that computing is part of the
working environment in which both
education and practice exist and that
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the content of education needs to
be reinterpreted in the context of
this new environment. The

designers of the future are Feedback
expected to be familiar, even
competent, with new technologies

Asynchronic Model (Conventional Use)

and tools. Short term workshops, Design Early 8d Final
introducing ICT  tools and || Problem Sketches Modeling+ Product
Simulation

environments to future designers,
not only provide means to
experiment with new technologies
but also possess the potentials to | Synchronic Model (Proposed Use)
fill the gap in the architectural
design curriculum. Through these
workshops, students experience a

dynamic design medium which Desian . .
has not been conditioned by P b? 3d Modeling + Final
Cartesian coordinates, where it is robliem Simulation Product

possible to record and document
all sequences of an individual's
design process. Figure 6. The Proposed model

Furthermore the dynamics of the piworkshop erdemypak

digital design medium allow time-

independent  and  non-linear 1 e
processes, thus enabling real-time
and flashback critics by the tutors.
In all of these experiments,
through design history recorded in
the modeling software and
detailed study of periodically
saved files it is possible to
analyze the contributing
designers’ past actions
systematically. The analysis also
enables a thorough evaluation of
the problems that are
encountered through the process.
Both qualitative and quantitative
measures are adopted for the
evaluation of the product and
process.

Design

The findings recorded during the
design experiment, enable a
comparative evaluation of the
pros and cons of integrating
complex technologies to
architectural design education.

Figure 7. Example A from the work of the students
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Tasarim Stiidyosunda Enformasyon ve iletisim Teknolojileri:
Yeni Araclar Stratejiler ve Tekniklerin Uygulamasi

Enformasyon teknolojilerinin dogrudan insan, mekan ve zamana iliskin yepyeni
kosullar ortaya koyuyor olmalari, etkilesim alanlarinin genigsligi, 6zgun, degisken,
dinamik ve esnek yapilari bu teknolojileri ginimuz diinyasinin en énemli unsurlari
haline getirmektedir. Konu zaman, mekan ve insan oldujunda enformasyon
teknolojilerinin mimarlik disiplini cercevesinde de ele alinmasi gerekliligi ortaya ¢ikar.
Mimarlik disiplini gerek meslek pratidi gerekse egitim baglaminda enformasyon ve
iletisim teknolojilerinin etkileri ile son derece hizli ve ciddi donlisimler yasamaktadir.

Enformasyon ve iletisim teknolojilerindeki gelismeler mekanikten dijitale bir
paradigma kaymasi yaratarak tasarim ve uygulama slreglerini ciddi bigimde
dénustirmektedir. Enformasyon ¢aginin mimarhgi cesitlenerek egditim ve arastirma
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icin potansiyel bir kaynak olusturmaktadir. Enformasyonun yapisal bilesen olarak ele
alindi§1 yapi onerileri kadar, kismen ya da butunlesik olarak tasarim ve uretimin dijital
ortamda gerceklestigi Onermeler de mimarlik sdyleminde yer bulmaktadir.
GUnumuzde etkilesim, iletisim, arayuz, gémulu cevreler ya da tepkimeli yapi
bilesenleri kavramlari mimarlik nesnesini betimleyen kavramlar olarak 6n plana
cikmaktadir.  Dijital teknolojiler, geleneksel mimarlidin biinyesinde bulunmayan
etkenleri mimarlik mesledine empoze ederek, tasarimlarda statik ortamin sinirlarini
asma olanagini yaratmaktadirlar. Dijital teknolojilerin fiziksel diinyadaki potansiyel
etkilesimleri, fiziksel ve sanal ortamlar arasindaki anlasilabilir sinirlar, etkilesim
sonucu tanimlanan hiperyuzey, tepkimeli, akilli, etkilesimli, sinir sistemli mekan ve
yap! bilesenleri, tasarim ortaminin zaman boyutu degisen dinamik yapisi, bilgi
bilesenin 6n planda oldugu esnek ve dinamik mimarligin potansiyeli ve temsili
Uzerine arastirmalari 6n plana ¢ikarmaktadir. Evrimlesen serbest form dagarcigi ve
onlari Uretmek icin kullanilan teknikler disiplinler arasindaki izolasyonun kalkmasina
katkida bulunmustur. Bu formlarin gelistirildigi yazilim ortamlan degisik disiplinler
tarafindan ortak olarak kullaniimig ve daha 6nce kesin sinirlarlarla ayrilan tasarim
disiplinleri, sinirlarin belirsiziesmesiyle benzer ézellikler tagir hale gelmiglerdir.

Dijital ortamin tasarm ortami olarak 6ngérildigu ilk Orneklere bakildiginda plan
semasi Uretmeyi hedefleyen ilk algoritmalardan sonraki on yil igerisinde, bina
performans analizi yapmaya yonelik butiinlesik sistemlerin ve perspektif gizimleri
hazirlayan programlarin giindeme geldigi izlenebilir (Whitehead, 1965). Bilgisayar
destekli tasarim alanindaki 6énci ¢galigmalar tasarimi bitiin olarak ele almaktan ¢ok
farkh iglevlerin simulasyonu Uzerine kurgulanan yaklasimlardir. Yetmisli yillarda
yasanan enerji krizi, 6nerilecek yapilarin enerji kullanim etkinligi Uzerine
uzmanlasmis ve enerji sakinimini arttirmayr amaglayan plan kurgulari Greten
yazilimlarin gelistirilmesini hizlandirir (Maver, 2002). Yeni gelismeler 1s1§inda Uretilen
¢izim programlari, dinamik enerji modelleri, tasarim sureglerini destekleyici yazilimlar,
performans analizi yaziimlari kadar foto-gergekci render motorlari da tasarim egitimi
etkilemeye baslamigtir.

Enformasyon teknolojilerinin mimarlik egitiminde nasil ve hangi boyutta yer almasi
gerektigi tartismasi 1970 ve 80’lerde 6nem kazanir. William Mitchell (1974)'in MIT’de
baslattigi calismalar, ve sonrasinda Tom Maver (1979), John Gero (1980), Charles
Eastman (1981), Alan Bridges (1983), Omer Akin (1985), Ulrich Flemming (1985), ve
Malcolm McCullough (1989)In c¢alismalari; akademik c¢evrelerin enformasyon
teknolojileri ve tasarim egitimi iligkisi Gzerine bakisini yansitan énemli ¢calismalardir.
Bu c¢alismalarda enformasyon teknolojileri ve mimari tasarim arakesitinde
uzmanlasmis programlarin kapsami ve igerigi kadar, bu arakesitte belirlenen yeni
durumun pedagoijik ve teknolojik potansiyelleri de 6n plana gikmaktadir.

1989 CAAD Futures konferansi bildirilerinin ‘“The Electronic Design Studio’ basligi ile
basiimasinin ardindan tasarim stiidyolarinda bilgisayarlarin kullaniimasi yayginlasir
(Gross and Do, 1999). Bilgisayar destegi ile gerceklesen tasarim stidyolari pedagojik
baglamda temsil temelli, sire¢ temelli ve Urin temelli yaklasimlar olarak
siniflandirilabilirler (Akin, 1989).

1990’larda enformasyon teknolojileri ve ilgili alanlardaki degisimin gittikge hiz
kazanmasi ile gelismis temsil ortamlarn ve karmasik iligkileri iceren &runtller
gindeme gelir. Dosyadan-fabrikaya bilgi akisinin gerceklesmesi karmasik mimari
nesnelerin tasarim, degerlendirme ve yénetimini olanakli kilar.

Glndmuize gelindiginde dijital tasarim teknolojileri, parametrik tasarim, (retken
tasarim, yapay zeka ve uzman sistemler, evrimsel sistemler, animasyon teknikleri ile
tasarim, diyagrama dayal tasarim, performansa dayall tasarim, bilgisayar destekli
uretim teknolojileri ve butlnlesik tasarim yaklagimlar gibi oldukga genis acilimli bir
yelpaze ile uygulanma olanadi bulmaktadir. Dijital ortam, temsilden ¢ok slrecin 6n
plana ¢iktigi, temsil-Grtn iligkisinin yeniden anlam kazandigi dinamik bir tasarim
ortamina déntsmektedir.

Bu makale mimari tasarim siirecinde biitiinlesik ydntemler ve yaklasimlarn iTU
Mimarlik Fakiltesi’nde, farkli lisans ve yiksek lisans tasarim stidyolarinda
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uygulanan degisik kisa sureli deneysel calismalar ve modeller cergevesinde
tartismayi amaclamaktadir. Tim galismalarda hedeflenen; mimarlik disiplinine 6zgl
ya da farkl disiplinlerden alinan/uyarlanan bir dijital tasarim aracinin belli bir problem
baglaminda uygulanmasidir. Alti giziimesi gereken nokta timdiyle dijital ortami 6n
plana ¢ikaran ve déneme yayilmis bir tasarim slrecinden cok, farkli problemler icin
farkh araglar Uzerinde kisa sureli yogunlasmayi hedefleyen bir stratejik yaklagimin
benimsenmis olmasidir.

Bu makalede farkh dijital tasarim araglarinin benimsendigi dort kisa sireli galisma
tartisilacaktir.

Sanal muze/fluxxoid baglikli ilk g¢alismada amag, fiziksel gercekligin dikte ettigi
maddesel kisitlamalardan uzaklasarak bilinen bir tipolojiyi farkli bir boyutta
deneyimlemeyi hedefler. Calismada hedeflenen, oldukga statik bir kurguya sahip
geleneksel mize tipolojisini tartismak ve izleyenle izlenen iligkisinin dinamiklestigi
yeni sanal mize kavramina uygun tasarimlari gergeklestirmektir.

Koza/cocoon baslikl ikinci ¢alisma, timuyle dijital ortamda gerceklesecek bir tasarim
deneyimi Uzerine kurgulanir. Konu, gelecek icin bireysel bir barinak tasarlamaktir. Bu
galisma bilgisayar destekli tasarim ve (Uretim sireglerinin butinlesik olarak
kurgulandigi ve hizli prototip Uretmeyi hedefleyen bir yapiya dayanir. Calisma
sonucu segilen iki onerinin G¢ boyutlu fiziksel modelleri de dijital c¢ikti olarak
alinmstir.

Dijital ansizlik/da 351 calismasi bilgisayarin tasarim sirecindeki yaratici ortak rollni
deneyimlemek Uzerine kurgulanmistir. Bu ¢alismanin amaci, uretken sistemler yolu
ile yeni dinamik formlan olusturmak ve kesfetmek olarak da tanimlanabilir. Gelistirilen
Xp-Gen plug-in’i ile 6n tasarim asamalarinda deneysel, sezgisel ve yaratici destegin
saglanmasi hedeflenmektedir.

Yapilan dordinci cahisma PG.W/kutu c¢alismasidir. Bu ¢alismada Onceki
calismalardan farkh olarak form belli bir eylemler dizisi veye performans ¢evresinde
kurgulanir. Ama¢ tanimlanan bir performansin gerekli kildigi mekansal kurguyu
olusturmaktir. Katilimcilar 6nceden belirlenmis kati bir formun igerisinde segtikleri bir
nesnenin izlenecegdi serbest formdaki sergileme diizenegini kurgularlar. Bu calisma
baglaminda &zellikle edlence sektdoriinin kullandigi ¢ boyutlu modelleme teknikleri
tanitilmakta ve yorumlanmaktadir.

Sonugta, tartisilan tim kisa sureli tasarim ¢alismalarinin farkli dijital tasarim araglari
ile ilgili deneyim kazandirmak, sanal ve gergek arasindaki iliski ve gerilimi tartisma
olanagi saglamak, farkli disiplinlere 6zgi araglari yorumlamak ve mimarligin degisen
nesnesi ve problematikleri Gzerine digtinme becerisini gelistirmek agisindan katkilari
oldugu sdylenebilir.
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