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BODILY EXPERIENCE AND SPATIAL THINKING
IN ARCHITECTURAL DESIGN PROCESS

SUMMARY

The transition from craft to mechanic production over the first half of the twentieth
century led to an aesthetic crisis, in Herbert Marcuse’s words, the division of “thought
and action”, “conception and execution”, “hand and mind”, in several disciplines,
including the field of architecture (Marcuse, 1964/2002). Architectural discourse,
theory and practice today have to additionally deal with a new crisis arising from the
encounter with digital media. I aim to unfold the discussions on architects’ way of
interacting with digital media through phenomenological approach which have
common foundations in philosophy, human-computer interaction and cognitive
science. This study can be considered as an attempt to seek qualitative clues for the
theories of embodiment through empirical observations. Most of the theories and
concepts, which are discussed in this dissertation, have been available since ancient
times, however they are not among the mainstream theories. This dissertation is also
an attempt to understand the nature and aesthetic dimensions of bodily experience
acquired and expressed through hand gestures and to explore the role of this bodily
experience in the way architects develop spatial ideas.

In the Chapter 1.1, I explain crucial focal points and changes in the way of making in
architecture and their relations with “body” from a historical perspective. Although, I
mention four focal points of empirical, rational, mechanic and digital approaches,
which bring important insights for today’s transformation, I particularly focus on the
changes within the 20th century. In the Chapter 1.2, I unfold the discussions in the
philosophy of Sartre, Merleau-Ponty and others who investigated ontological
dimensions of body. Later in the Chapter 1.3, I examine the epistemological
perspectives of sensory experience.

In Chapter 2, the theories of embodiment in architecture, cognitive science and human-
computer interaction are discussed. Johnson and Lakoff’s arguments on embodied
experience is a backbone for investigating the related embodiment theories (Lakoff
and Johnson, 1999; Lakoff and Johnson, 2008; Johnson, 1987; Johnson, 2008).

In Chapter 3, whose title is “Nonverbal and Nonvisual Foundations of Thought”, 1
overviewed the findings in the fields of development psychology, neuropsychology,
anthropology and other empirical studies in relation to the tacit, spatial and
unconscious dimensions of conscious experience.

Chapter 4 is focused on how bodily experience is examined in the protocol studies,
which analyses the behaviour of the designers.

Chapter 5 consists of two case studies within the scope of dissertation. The first case
study is a structured digital modeling exercise and the second one is an empirical
observation of the fourth-year architecture students’ jury presentation in the 2013-
2014 spring semester. The case studies were recorded, and the verbal content
transcribed. The body schemas of Johnson and Lakoff (2008) and the gesture
categories of McNeill (1992) are used for analysing the data. Later the verbal
transcripts and the gestural transcripts are analysed. I analyse the way in which gestural
interaction and the vocabulary of verbal description is affected when the designers

X1X



communicate increasingly complex and abstract spatial relations or metaphoric
concepts. The outcomes and the findings of the case study is explained in this chapter.

Chapter 6 is about the concluding remarks of the dissertation and the discussions on
the future of digital design environments.
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MIMARI TASARIM SURECINDE
BEDENSEL DENEYIM VE UZAMSAL DUSUNME

OZET

20. yy’m ilk yarisinda el ile iiretimden makina ile {iretime, zanaatten endiistrilesmeye
gecis, mimarlik da dahil olmak tizere pek ¢ok disiplinde Herbert Marcuse’un ifadesiyle
“diistince ve eylemin”, “kavram ve yiirlitmenin”, “el ile zihnin” ayrismasi krizine
neden olmustu (Marcuse, 2002). 20. yy’mn ikinci yarisindan itibaren, temelleri
kartezyen diinya tasavvuruna dayanan, bilginin deneyimden ayr1 olarak (disembodied)
idealist bir bigimde temsil gelenegi ile bilgi ve iletisim teknolojilerinin bu ayrik
gelenek ilizerine insaasi ise, mimarligin “sayisal”la karsilagsmasinda yeni bir krize yol
acmistir. Giliniimiizde, mimarlik kuram, sdylem ve uygulamalarinda, tasarim
diisiincesi ile tasarimci bedeni ayri iki 6zne olarak belirmektedir. Sayisal ¢agin
krizinde parcalara ayrilan el ve zihnin 6tesinde, duyusal algi biitlinliigii olmaktadir. Bir
yandan gorsel duyu kutsanirken, 6te yandan dokunma duyusu ve bedenin uzam ile
stire¢ icinde kurdugu iletisim bigimleri giderek siliklesmektedir.

Tez kapsaminda mimarlarin sayisal ortam ile kurduklar1 diyaloga iliskin tartismalarin;
mimarlik, biligsel calismalar ve insan-bilgisayar etkilesimi alanlarindan yararlanarak
acilmasi ve derinlestirilmesi amag¢lanmistir. Bedenin ortadan kaybolmasinin krizini tek
bir yontem ya da yaklasim ile agiklamak olanaksiz oldugundan, olabildigince
deneyimleyen 6zne tarafinda kalmaya ve biitiinciil yaklagilmaya c¢aligilmistir. Bu
calisma, cisimlesme (embodiment) kuramina, ampirik gézlemler aracigiyla niteliksel
destekler arama ¢abasi giitmektedir. Ayni1 zamanda bu ¢aligma kapsaminda, mevcut
(geleneksel) tasarim siireclerinde, tasarimcilarin tasarim temsilleri ve g¢evreleri ile
kurduklar1 bedensel deneyimin dogal ve estetik niteliklerinin irdelenmesi ve
tasarimcilarin uzama dair diislince gelistirirken bedensel deneyimin roliine iliskin
icgorii kazanilmast amaglanmastir.

Birinci boliim ii¢ temel alt bashiktan olusmaktadir. Birinci alt baslikta, tarihsel
perspektif icerisinde mimarlikta yapma bigimlerindeki degisim ve donilisiim esikleri
ve bu esiklerin “beden” ile kurdugu iliski bigimleri tartisilmaktadir. Herhangi bir
temsile ihtiya¢ duymadan bedeni ve elleri araciligryla duvar 6ren ustadan, giiniimiizde
bilgisayar destekli tasarim yapan mimara degin, mimarlik pratigi, kurami ve
sOyleminde “beden” ve “bedensel deneyim”in gectigi kirilma noktalar ele alinmstir.
Antik Dénem, Ronesans, Endiistri ve Sayisal Caglari olarak dort ana kirilma noktasina
g0z atilmakla birlikte, giinlimiizdeki sayisal diisiincenin dinamiklerini anlamak {izere
20. yy baslarinda makinalagma donemine odaklanilmistir.

Birinci boliimiin ikinci alt bagliginda, Sartre, Merleau-Ponty ve bedenin ontolojik
boyutlarini sorgulayan diger diisiiniirlerin tartigmalar1 a¢ilmaktadir. Birinci boliimiin
son alt baglhiginda ise, duyusal deneyimin epistemolojik perspektifleri irdelenmektedir.
Sartre bedeni hem “kendi-i¢in-varlik”, hem de “baskasi-igin-varlik” olarak iki
ontolojik diizlemde ele almaktadir (Sartre, 2009). Merleau-Ponty, Sartre’in bu iki
ontolojik diizlemini alg1 ve deneyim; Kant’in “askin estetik” kavramini ise “bedensel
deneyim” olarak yorumlamistir (Rawes, 2008). Merleau-Ponty ayni1 zamanda, Husserl
ve Heidegger’deki askinlik kavraminin yerine bedeni koymak olmustur. Merleau-
Ponty’nin bilinci somutlasan bir deneyim olarak (insan ve insan olmayan digerleri
arasindaki karsilasmada dokunsal bir varolma bi¢iminde) beden {izerinden
kuramsallastirmasinin devrimei bir adim oldugunu ifade edilmektedir (Young, 2005).
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Merleau-Ponty Descartes’in mekanik algi anlayisini, mekanik psikolojiyi ve klasik
psikolojiyi indirgemeci olduklar1 iddiasiyla elestirir. Deneyimin somutlasan
(embodied) boyutu ile dokunmak ve dokunulmanin ayni anda duyumsanmasinin
algida bir muglakliga neden oldugunun altini ¢izer (Merleau-Ponty, 2012). Merleau-
Ponty’ye (2012) gore, bedenimiz diinya icerisindeki tekil bir nesneden ote; yasayan,
nefes alan ve deneyimleyen bir varliktir. Bu nedenle Merleau-Ponty, bedenle ilgili her
kuramin “algilanan diinya” kuramini dikkate almak durumunda oldugunu 6ne siirer=

Ikinci boliimde ete kemige biiriinme, somutlasma, cisimlesme olarak Tiirkge’ye
gevirebilecegimiz “embodiment” kuramlari tartisiimaktadir. Mimarlik, bilissel bilim
ve insan-bilgisayar etkilesimi alanlarindaki, “deneyimin somutlagsmasia” iliskin
kuramlar irdelenirken, Johnson and Lakoff’un konu ile ilgili savlar1 esas alinmistir
(Lakoff and Johnson, 1999; Lakoff and Johnson, 2008; Johnson, 1987; Johnson,
2008). Kokenlerini ozellikle bir kita Avrupasi felsefecisi olan Merleau-Ponty’nin
diisiincelerinden devralan “somutlasma” (embodiment) kurami, felsefe, psikoloji,
bilis, dil bilim, yapay zeka, gibi pek ¢ok farkli alandaki tartismalari etkilemistir.
Noroloji alanindaki gelismelerden beslenerek giderek 6nem kazanmaktadir. Bu
yaklagim, beden ve zihni biitlinsel bir sekilde ele almaktadir. Bu anlamda diisiinme
stirecinde bedenin 6nemli bir rolii oldugu varsayilir. Zihnin ¢aligmasini bilgi islem
kuraminda agiklayan girdi — iglem — ¢ikt1 siireci biciminde degildir. Fiziksel ¢evre ile
kurulan iliski 6nemlidir, ancak bu iliski kiginin ¢evreye adaptasyonunu da gerektiren
stireklilik icerisinde ve beden araciligiyla yapilmaktadir.

Deneyimin somutlagsmasi yaklasiminin, “beden”, “dis diinya” ve “beden ve dis diinya
arasinda stiregiden etkilesim” bigiminde {i¢ ana unsurundan s6z edilebilir. Deneyimin
somutlagsmasi yaklagimi ile iligkili olan diger kavramlar beden-imaj, beden-semasi ve
imaj-semasidir. Beden-imaj kavramina mimarlik alaninda ilk olarak Bloomer ve
Moore, 1977 tarihli “Body, Memory, Architecture” kitaplarinda yer vermislerdir.
Bloomer ve Moore, beden-imaj teriminin daha genis anlamda klasik “imgelem”
kavramini, beden-algi ve beden-semasi gibi kavramlari igerisinde barindirdigindan s6z
ederler (Bloomer ve Moore, 1977). Bloomer ve Moore ise kullandiklar1 beden-imaj
kavramini, kisinin uzamsal yonelimleri (intentions), degerleri, kisisel bilgisi ve
deneyimleyen bedeni ile edinilen biitiinsel bir duygu ya da ii¢ boyutlu “Gestalt”
duygusu olarak tanimlamaktadirlar ve “bilingalt1 seviyesinde farkinda olmadan
bedenlerimizi {i¢ boyutlu bir sinira yerlestiririz” demektedirler. Beden-imaj semalari
olarak “asagi/yukar1”, “ileri/geri”, sag/sol” ve “burada ve igeride” gibi semalar1
siralarlar (Bloomer ve Moore, 1977). Lakoff ve Johnson’un imaj semalari, tasarim ve
modelleme siirecinde tasarimcilarin tasarim temsilleri ile kurduklari iletisimin ortiik
boyutlarint anlamamiz agisindan oOnemli bir kavrayis saglamaktadir. Besinci
boliimdeki uygulamalarin ¢oziimlenmesi sirasinda kullanilmis olan “kutulama”
semasi, “‘kaynak-iz-amag¢” semasi, ikinci boliim igerisinde agiklanmaktadir.

“Diigtincenin S6zel ve Gorsel Olmayan Temelleri” baslikli tigiincii béliimde, bilingli
diisiincenin ortiik, uzamsal ve bilingalt1 temelleri ile ilgili olarak, gelisim psikolojisi,
noropsikoloji, antropoloji ve ampirik calisma yapilan diger alanlardaki literatiir
incelenmistir. Bu kaynaklardan, el jestlerinin mimari tasarim ve modelleme
siireclerindeki roliine iliskin ipucu saglayabilecek olanlara yer verilmistir. Incelenen
calismalarda “hareket” algisina ve “dokunma” duyusuna ¢ok sayida referans verildigi
goriilmektedir. Bu baglamda boliim iig alt baslik bigiminde kurgulanmistir. Bunlardan
ilki “cocukluk donemindeki dokunma deneyimi”dir. Gerek dokunmanin gerekse
hareketin, erken g¢ocukluk doneminde diinyanin algilanmasinda 6nemli bir yeri
bulunmaktadir. Cocukluk déneminden itibaren bu deneyim, sinir sisteminde ¢esitli
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izler ve Oriintiiler bigiminde imaj semalarinin temellerini olugturmaktadir (Johnson,
2008). Tez kapsaminda bu alt baghigin 6nemi, durum g¢alismasina katilan kisilerin
dijital ortam ile cocukluk donemlerinde benzer bir iletisim bi¢imi kurmalaridir.
Cocukluk doneminden itibaren dijital ortam ile farkli iletisim ve etkilesim bigimi
kurmus olan gelecekteki katilimcilar i¢in, tezde ulasilan bulgu ve sonuglar farklilik
gosterebilir. Bir bagka alt baslikta el jestlerinin kinestetik nitelikleri tartisilmaktadir..
Kinestetik duyumsama hareket ile algilanan deneyimi icermektedir. Diger yandan
dokunma duyusu ile biitiinliiklii ¢alisan, yer yer ortiisen bir yan1 da vardir. Yakinlik-
uzaklik 1iliskisini anlamamiza Ortik bir sekilde destek olmakta olan kinestetik
duyumsama, 6zellikle erken ¢cocukluk doneminde kaynak-iz-amag imaj semasinin ilk
sekillenme siirecinde 6nemli bir rol oynamaktadir (Mandler, 2012). Bu boliimiin son
alt bagliginda “el”’in kavramsal diisiinme siirecleri tizerindeki etkisi incelenmistir.

Doérdiincii boliimde genel olarak tasarimer davraniginin, 6zel olarak bedene iliskin
analizlerin, tasarimda protokol c¢alismalarinda nasil ele alindigt konusuna
odaklanilmaktadir. Psikoloji alaninda protokol ¢aligmalar1 mimari tasarim alanindan
cok daha once baglamistir. Giinlimiizde, protokol ¢aligmalar1 alaninda pek ¢ok farkli
yontem ve yaklagim gelistirildigi gortilmektedir. Tez kapsaminda ise, mimari tasarim
stirecinde “bedensel deneyim”in ele alindig1 ve bunun yanisira “uzamsal kodlamalar”
iceren caligmalara yer verilmistir.

Besinci boliimde, tez kapsaminda yapilan iki farkli durum c¢alismasi sunulmaktadir.
Durum caligsmalarindan ilki, yiiksek lisans diizeyinde iki mimarlik &grencisinin
katilimi ile gergeklestirilen, kurgulanmis bir modelleme deneyidir. Bu deney ortalama
30 dakika siirmekte olup, 4 adet fiziksel maketin bilgisayar ortaminda
modellenmesinden olusmaktadir. Deney, birisi Istanbul Teknik Universitesi ve digeri
ETH Ziirih’te olmak iizere toplamda 4 katilimci ile 2 kez tekrarlanmustir. ikinci durum
calismasi ise Istanbul Teknik Universitesi, Mimarlik Fakiiltesi son sinif dgrencilerinin
2013-2014 bahar yariyillarindan bitirme jurilerindeki sunuslarinin ampirik olarak
gbzlenmesi bi¢imindedir. Ogrencilerin el jestlerini dogal bir sekilde kullanmalari
amaciyla, gozlem dncesinde deneyin icerigi ile ilgili bilgilendirme yapilmamistir. Her
iki durum g¢alismas1 da video ile kaydedilmistir. Ilk durum calismasindaki sézel
icerigin tamammin ¢dziimlemesi yapilmistir (Ek A.1 ve Ek B.1). ikinci durum
caligmasindan ise, 2013-2014 bahar yariyilinda bitirme projesi almig ve donem
boyunca ii¢ kez juri sunusuna ¢ikmis olan &grencilerden secgilen ikisinin sozel
¢oziimlemesi yapilmistir (Ek C). Analiz yontemi olarak, Johnson ve Lakoff’un (2008)
beden semalari, McNeil’in (1992) jest kategorilerinden yararlanilmistir. El jestlerinin
McNeill’in (1992) kategorilerine gore dagilimi, el jestleri ile sozel igerigin iliskisi, el
jestleri ile maketin anlatildigi ortamin iligkisi ve son olarak da Lakoff (1987) ve
Johnson’in (1987) imaj semalari ile el jestlerinin iliskisi irdelenmistir. Tasarimcilarin
uzamsal, soyut kavramlar1 ya da metaforik kavramlar1 agiklarken kullandiklari el
jestlerinin biitiinleyici rolii irdelenmistir. Deneyin ¢ikt1 ve bulgulari yine ayni béliimde
aciklanmustir.

Altinct boliimde ise, gelecekteki sayisal tasarim ortamlarinin degerlendirilmesi
amactyla goriis, tartisma ve Oneriler aktarilmistir.
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1. INTRODUCTION

The evolution of technology and human beings are at asymmetric speed. Because of
the pace of the evolution, human beings lags behind the speed of the changes in
technology, there is a constant gap between these two processes. Concerning the
relation between human beings and technology, the perceptual and the biological
limitations of human beings have not been taken into consideration; instead, the focus
has been on the speed of technology and its limitations. Within the process of
technological progress, the experiential dimensions of the “body” have been neglected.
This neglectance occurs at both the literal and the theoretical/conceptual levels. As a
result of approaching the human body and the mind, the experience and the thought,
the making and the thinking; as two different entities and the reflection of this approach
in scientific studies; in the areas of the researches of architectural design, cognitive
sciences and the human-computer interaction (HCI) from a methodological and

ontological perspective, reductionism occurs to a certain extent.

In a broader sense, these reductionist and disembodied approaches have become
insufficient to understand the contemporary dynamics and the essence of digital
transformation. Moreover, any singular methodology or point of view would not
suffice to gain a comprehensive insight. However, I should still underline the need for
holistic ways of approaching the mind-body and thought-experience interrelations
instead of dualistic ones. It is not easy to say whether this transformation will be a
Kuhnian-revolutionary or a Popperian-evolutionary one. In other words, within the
context of architectural design, it is difficult to claim which one will prevail in the
future. Either there will be a radical departure from traditional way of making or there
will be a gradual transformation of it. I claim that, the role of human “body” will play
a crucial role in the digital age, which is independent from the direction and the
trajectories of the transformation in the way of making in architecture. Moreover, I
argue that the aesthetic dimensions of bodily experience is one of the key concepts in
the effort to get a deeper understanding of today’s crisis and gain insight about future

directions of digital design environments.



Since the first year of my bachelor education, I have been witness to these changes
with relatively novel digital tools. I started to learn the principles of technical drawing
by using sketch papers and rapidos in the first year of my bachelor education in 2000,
at ITU, Faculty of Architecture. Since then, I have been personally experiencing how
digital tools and methods are embedded in design pedagogy. We started to use various
digital tools and medium for architectural design such as the 2D drawing softwares,
the 3D modelling softwares, parametric and algorithmic design environments. On the
other hand, sketching and physical modelling have always been important during my
education. When I was an undergraduate student of architecture, I expected a radical
departure from the traditional design environments. However, neither I, nor the
students that I have observed in the last 9 years could actualize this departure. I always
began developing my initial design ideas on physical papers by sketching, writing
notes or making physical models during my architectural design processes. First, [ had
concrete ideas in the physical environment, and then I was working with computers or
in a broader sense with the digital medium. Since then, I have been curious about the

underlying reasons of this dependency.

I encountered two exceptional students throughout my 7 years of experience as a
teaching assistant. One of them had been playing computer games intensely since his
childhood. The other student had a degree both in architecture and in civil engineering.
His insights from the civil engineering education enabled him to handle more abstract
diagrams and parametric design models in digital environment without any need for
paper. What is more, I have not met, in Palfrey and Gasser’s (2013) words, “digital
natives” yet (Palfrey and Gasser, 2013). Therefore, I ought to underline that the
reflection of the technological change on “digital natives” might be different from the
assumptions of this dissertation, which are mainly derived from my personal

experience and observations.

To mention another experience of mine, I have been more comfortable in handwriting
instead of typewriting, not only in architectural design processes but also in general.
For example, I was always able to remember the notes of the courses in which I took
handwritten notes. Was it because of the quality of the representation or my hand
itself?  Handwriting, like sketching, involves a symbolic codification of the
letters/verbal data. Moreover, it involves a visual codification. It matters whether the

length of the letters is shorter or longer; the lines are transparent or bold; the turns are



smooth or not. Thus, the writing itself is capable of involving both the verbal and the
visual/diagrammatic modes of information. At the same time, the reason I can easily
remember my notes might be related to the movement of my hand or the haptic and
tactile feedback from the material, or the kinesthetic feedback from my muscles, or the
relationship with/in the space consisting of different modes of tacit information. In his
book “Why Architects Still Draw”, Paolo Belardi gives priority to sketching as a
recursive exploration process (Belardi, 2014). “In addition, because successive
‘explorations’-i.e., sensations of the same subject in different times and contexts-are
never the same, each category is determined and then reclassified as an infinite number
of times” says Belardi (Belardi, 2014). In reference to Rudolf Pophal, Belardi (2014)
emphasizes the inseparability of writing and sketching and he claims that the sketching
will still be important in the digital age. In my case, I cannot assume that either
sketching or model making will still be important in the future in architectural
education. However, I can claim that unless the digital media support the main body
schemas of the designers as physical dimensions of the designing activity, these
representations will probably exist. In other words, what is important is the
inseparability of the whole, the body and the mind including the unconscious
perceptual circuits and the intentional conscious thought. Therefore, the design
environment which will allow designers to experience multisensory perception, in
particular tactile, haptic, kinesthetic dialogue with the design medium and the design
environments which provide flexibility in the shifts between different body schemas
will be luckier in comparison with the reduced visual screens. Thence, we need to
revisit the aesthetic qualities of making in parallel to the attempts in the earlier 20"

century, in particular the curricula of Bauhaus in the broader researches.

In my master thesis under the supervision of Prof. Dr. Giilen Cagdas, whose title is
“An Interface Proposal for Architectural Design Collaboration Process”, we
investigated the potentials and the limitations of existing digital tools. We evaluated
the impact of digital media on the behaviour of architects merely from the perspective
of interaction and communication (Alagam, 2008). At that time, we developed
frameworks for collaborative architectural design environments in conceptual levels.
We also developed and tested a usage of two mice simultaneously within a 3D

modeling environment (Alagam and Cagdas, 2008).



In the very beginning of the dissertation, Pallasma’s book of “The Eyes Of The Skin,
The Architecture and The Senses” and afterwards the other book of his “The Thinking
Hand: The Existential and Embodied Wisdom in Architecture” provided curiosity and
insights to go deeper (Pallasma 2005; Pallasmaa, 2009). Moreover, Mark Johnson’s
book of “The meaning of the body: Aesthetics of human understanding” confronted
me with embodiment theories (Johnson, 2008). I come up with the question of why
designers’ still tend to use traditional/physical media in the earlier phases of
architectural design process in contrary to the theory of computation and digital design
environment promise. At this point, the provoking propositions of Hubert Lederer
Dreyfus were also very helpful to gain a critical distance to technology (Dreyfus,

1992).

In this dissertation, I aim to unfold the discussions on architects’ way of interacting
with digital media through a phenomenological approach, which have common
foundations in philosophy, human-computer interaction and cognitive science. This
dissertation is an attempt to understand the nature and aesthetic dimensions of bodily
experience acquired and expressed through hand gestures and to explore the role of

this bodily experience in the way architects develop spatial ideas.

Following questions were kept in mind during the investigations in this dissertation:
e Previous bodily (haptic/tactile/kinesthetic) experiences of the designers;

e Actual interaction with the design medium and its reflection.

It is possible to measure this reflection of bodily experience on designers’ generating

spatial ideas by:
e exploring the role of spatial dimensions of the iconic gestures;

e cxploring the relationship between the metaphorical/conceptual ideas and their

gestural/spatial qualities;
e approaching the role of body in holistic ways, instead of dual assumptions.

Apart from these theoretical investigations, numerous experimental studies have been
conducted on how digital media may be utilized in architectural education and in
particular,its impact on architects” way of thinking in the earlier phases of the design
process. However, only a limited number of studies have been performed using the

phenomenological approach. In this research, we go beyond object/representation or



process-oriented approaches to focus on what goes on in the subject’s mind by carrying
out a phenomenological study and further, by approaching the subject's perspective

ontologically and cognitively.

I argue that the aesthetic dimensions of bodily experience are fundamental concepts in
the effort to acquire a deeper understanding of today’s crisis and to gain insight into
future directions of digital design environments. For this purpose, I looked at the
bodily foundations of thought in philosophy, interaction design and psychology.
Conventional analytic methods are insufficient for understanding the reflections of
interaction with physical space and design media in the way architects develop spatial
ideas. Therefore, I argue that a holistic point of view and phenomenological approach

is needed.

The aim of this research is to explore if there are repetitive gestural patterns or common
behavior patterns among different students during the externalization of design ideas.
I analyzed the way in which gestural interaction and the vocabulary of verbal
description is affected when the designers reveal more complex and abstract spatial
relations or metaphoric concepts. This research is an attempt to understand the nature
of bodily experience acquired and expressed through hand gestures and explore the
role of bodily experience in the way architects develop spatial ideas. In the current
digital epoch, the design environments of the future are expected to be designer
friendly through promoting main body schemas such as source-path-goal and

movement and encourage the designer’s spatial thinking process.

One of the main motivations for this study is to investigate how and why the digital
environment interfaces used in early stages of architectural design are insufficient in
the designers’ process of creating abstract and conceptual thinking, and to come across
findings that will serve as the basis for digital environment designs in the future. For
this purpose, a structured modeling exercise was created that allows the empirical
observation of the process which was conducted in a digital environment. The
modeling exercise was repeated two times with different participants from different
universities. In each experiment two graduate-level students from the field of
architecture participated, one of the participants was asked to describe to the other
participant four architectural models that they had initially observed. The study was
designed in a way to help the participants explain and understand geometrical and

spatial relations, and the hand gestures and verbal expressions used in their dialogues



were studied. Therefore, the role of the bodily experience, which consists of hand
gestures conveying ideas not represented in words, in expressing or creating spatial

1deas was examined.

Apart from the structured exercise, the second case study of the dissertation is based
on empirical observations of jury meetings of final design studios/diploma projects of
bachelor students in Istanbul Technical University, Faculty of architecture in 2013-
2014 spring semesters. The verbal and the gestural transcripts of student presentations

are analysed (Chapter 5).

Earlier versions of this dissertation was published in the proceeding of the 8th
International Conference on Tangible, Embedded and Embodied Interaction (TEI) in
Munich between the 16" -19™ February of 2014. It will be presented and published in
the International Conference on Human Behavior in Design (HBID): Analyzing
Cognitive Processes in Design in Ascona between the 14-17th October 2014 and XVII
Conference of SIGRADI 2014: Design in Freedom, in Uruguay, between the 12-14th
November 2014.

1.1 Historical Perspectives: Changes and Thresholds in the Way of Making in

Architecture

In this chapter, there are two overlapping layers. The first layer involves the changes
in the relation of body and design thinking. In general, this part is concerned with how
the distance between body and design thinking has increased through history until the
disappearance of the body in the computational design discourse. This layer is
organized in two sub-layers. From the manual construction through to the mechanic;
secondly from the mechanic production through to the digital way of making in
architecture. Therefore it can be traced back to the times in which one put bricks to the
building by hand without the interference of design. Afterwards revisiting Renaissance
and Alberti’s perspective, on how the architect became the draftsman of the 20"
century. The second sublayer focuses on the changes after the second half of the 20"
century up to now. I particularly attempt to keep a critical distance to the disembodied

approaches of the computational theory in the second half of 20" century.



The second but overlapping layer is about the historical and the philosophical roots of
the detachment between the way of making and the way of thinking in architecture. In
respect to these detachments, I mention four focal points: empirical, rational, mechanic
and digital approaches. I'm concerned with exploring insights into today’s
transformation. These trajectories of revolving around these focal points are important
for understanding how the detachment of the body and the thought emerged in the
ways of making in architecture in different traditions of thinking systems. I
particularly focus on the changes within the earlier 20" century in which the
detachment between “hand” and “mind”, “the sensory experience” and “thought”
occurred. Moreover, the other thresholds and equilibrium conditions in relation to the

philosophy of science are also mentioned when needed, but not in a chronological way.

1.1.1 From craftsman through draftsman: the earlier changes

In this chapter the main focus will be on how the transition from craft to mechanic
production over the first half of the twentieth century led to an aesthetic crisis, in
Herbert Marcuse’s words, the division of “thought and action”, “conception and
execution”, “hand and mind”, in several disciplines, including the field of architecture
(Marcuse, 2002). This is because architectural discourse, theory and practice today
have to additionally deal with a new crisis arising from the encounter with digital
media. Carpo defines three technical ages: the ages of hand-making, mechanical
making and the digital making (Carpo, 2010). He adds: “The sequential chronology of
these three technical ages lends itself to various interpretations” (Carpo, 2010). To
mention, how the crisis of architecture was formulated by Isozaki in the introduction
part of the Karatani’s 1995 book “Architecture as metaphor: Language, number,
money’’:

e 19" century — “Architecture as art”;

e 20" century — “Architecture as construction” (necessity-based);

e 21" century — “Architecture as metaphor” (Isozaki in Karatani, 1995).

Isozaki remarks that the concept of “architecture as construction” which proposes the
marriage of art and architectural discourse which was proposed by Semper, Loos and
Wagner, has been a guiding principle to overcoming the earlier crisis (Isozaki in

Karatani, 1995).



On the other hand I will also mention the earlier departure of the design thinking from
the making in archictecture and likewise the detachment of the body and the way of
making during the Ancient Greek and the Renaissance periods (Figure 1.1). “The
transformation that we are observing today is inseparable from conditions like
globalization. They are also the result of a much longer and more complex historical
process than the recent conversion of designers to digital tools” says Picon (Picon,
2010). This is why, the historical processes, their causalities and the systems of
thinking beyond should be unfolded. Some of the basic thresholds in the way of

making in architecture is shown in Figure 1.1.
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Figure 1.1 : Thresholds for the detachment of way of thinking and way of making.

One of the first separations between making and thinking on a conceptual level can be
traced back to the terms that were introduced by Aristotle such as “techné”, “episteme”
and “phronésis”. This is also because, as Smith (2004) higlights Aristotelian scheme
of knowledge with minor changes had been influential up to seventeenth century
(Smith, 2004). The Greek word ‘techné’ is translated as “crafts or art” (Url-1). The
term ‘Epistémé’ is generally used in terms of knowledge, however the notion of
knowledge it represented is different from what we understand from the contemporary
version of the word which consists of experimentation (Url-1). “From earliest times
until Plato the word techné is linked with the word epistémé. Both words are names
for knowing in the widest sense” qoutes Heidegger (Heidegger, 1954). The meaning
is more close to the geometrical axioms in terms of Aristotelian manner (Url-1). Smith
expresses:

The Greek disdain for manual work as deforming to mind and body was carried on in
Western culture up into the seveth century and beyond. Aristotle maintained that
craftsmen could not be full citizens because ‘no one can practice virtue who s living
the life of a mechanic or laborer’ and because ‘there is no room for moral excellence
in any of their employment (Smith, 2004).



Smith also mentions the tension between making and thinking by defining theory as a
knowledge depending on logic, geometry and practice (Smith, 2004). Pallasmaa
indicates the similarity between the “construction in traditional cultures guided by the
body” and “a bird shapes its nest by movements of its body” (Pallasmaa, 2005). In
parallel, Smith (2004) states that imitation of practice and manual works are the way
to transmit the knowledge of the artisans. “Artisanal guilds, their rituals,
apprenticeship training, and written techniques constituted the means by which
artisanal knowledge was produced” Pamela Smith adds (Smith, 2004). Therefore as
Smith underlines, this experience of craftsmanship was “nontextual” and “nonverbal”
(Smith, 2004). On the other hand, we understand from Smith’s (2004) expression that,
there was a very tight relationship between the materiality and the artisan body:

If scholars conceived of problems, or indeed of reality, primarily in terms of words
and the manipulation of words, artisans must see reality as intimately related to
material objects and the manipulation of the material, which could be taught about and
understood as a ‘material language (Smith, 2004).

“Not only handcraft manufacture, not only artistic and poetical bringing into
appearance and concrete imagery, is a bringing-forth, poiésis” states Heidegger
(Heidegger, 1977). Heidegger also adds, the poesis was brought by the help of physics
(Heidegger, 1977). The word techné involves the meaning of “Technicon” says
Heidegger and adds:

We must observe two things with respect to the meaning of this word. One is that
techné is the name not only for the activities and skills of the craftsman, but also for
the arts of the mind and the fine arts. Techné belongs to bringing-forth, to poiésis; it
is something poietic (Heidegger, 1977, p.5).

Heidegger (1977) also unfolds the meaning of techné through the word “altheuein”.
Therefore techné involves the affordance, however it “does not yet lie here before us”
says Heidegger. The activities or the skill of the craftsman bring the potentials and the
affordances of the techné into forth (Heidegger 1977). In Heidegger’s words:

Thus what is decisive in techné does not lie at all in making and manipulating nor in
the using of means, but rather in the aforementioned revealing. It is as revealing, and
not as manufacturing, that techné is a bringing-forth.” (Heidegger, 1977)

This interpretation of Heidegger is important not only for the mechanical technologies
but also the digital technologies. Here, Heidegger recovers the
detached/isolated/disembodided assumption of “technology”, giving reference to the
Aristotalian meanings. Thence, “experience” and “praxis” are needed to bring up the
affordances and reveal the “poiésis” of the instruments, in Greek word “aletheia”.

Coyne explains this relationship as:



Technology is complicit in this transition from thought to ontic reason. It is not just
that we now see thought instrumentally as if it were an object in technology to be
crafted (techne) and manipulated. Rather there has been a corruption in our
understanding of the craftsperson’s art (techne) itself. According to Heidegger, to craft
something (techne), originally meant to let a thing disclose itself, for it to be revealed
or “brought forth.” But to craft something soon came to mean to produce or
manufacture an object (Coyne, 1995).

The disembodied interpretation of techné also caused the detachment between the
craftsmen’s body and the instrument. Both the body and the bodily experience
neglected. “Phenomenological-philosophical descriptions of acting with technologies
and cognitive-scientific analyses of it, can nevertheless clarify, up to a certain degree,
the experience of technology and its conditions of possibility” says De Preester and
adds:

In contrast to the idea that the use of technology implies the ability for
disembodiment, or a neglect of the body, | want to prepare the ground for the opposite
claim, namely that this experience requires the capacity forre-embodiment, not for
disembodiment. In order to do so, we have to examine the various domains and ranges
in which the subject is capable of re-embodying itself. (De Preester, 2011, p.120)

To mention, apart from these detachment on conceptual and theoretical levels in the
fourth century BC, we can assume that another detachment emerged in the 1% century
BC by “The Ten Books on Architecture” (the original name is “De Architectura Libri
Decem”) of Vitruvius in terms of verbal description of making in architecture (Pollio,
1914). However the distance between the body and the way of making in architecture
was relatively slight. Still, body and bodily experience were required in order to
describe some concepts such as symmetry and proportion between the elements of the
body. In the third book of Vitruvius, we see the title of “On Symmetry: In the Temples
and in the Human Body” (Pollio, 1914). Vitruvius Pollio (1914) mentions the Greek
word “analogy”/’avoloyia” in order to describe the principles of symmetry and
proportion (Pollio, 1914). Vitruvius Pollio makes a comprehensive description:

For the human body is so designated by nature that the face, from the chin to the top
of the forehead and the lowest roots of the hair, is a tenth part of the whole height; the
open hand from the wrist to the tip of the middle finger is just the same; the head from
the chin to the crown is an eigth, and with the neck and shoulder from the top of the
breast to the summit of the crown is a forth. If we take the height of the face itself, the
distance from the bottom of the chin to the under side of trhe nostrils is one third of it;
the nose from the under side of the nostrils to a line between the eyebrows is the same;
from there to the lowest roots of the hair is also a third, comprising the forehead. The
length of the foot is one sixth of the height of the body; of the forearm, one forth; and
the breadth of the breast is also one fourth. The other members, too, have their own
symmetrical proportions, and it was by employing them that the famous painters and
sculptors of antiquity attained to great and endless renown (Pollio, 1914, p. 72).
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Depending on the reflected spatial expressions in the verbal descriptions, we can
assume that the role of body was still crucial for understanding and explaining the
spatial concepts at those times. For example Vitruvius (1914) adds “... it was from the
members of the body that they derived the fundamental ideas of the measures which
are obviously necessary in all works, as the finger, palm, foot, and cubit” (Pollio,
1914). Vitruvius indicates that the roots of the “perfect number” of the Greeks, the
number ten, can be traced back the number of the fingers of two hands (Pollio, 1914).
Vitruvius also mentions that another perfect number was assumed six, derived from
the ratio of the height of the man to the foot, which is called cubit and equals to six
(Pollio, 1914). He concludes as:

Therefore, if it is agreed that number was out from the human fingers, and that there
is a symmentrical correspondence between the members separately and the entire form
of the body, in accordance with a certain part selected as standard, we can have nothing
but respect for those who, in constructibg temples of the immortal gods, have so
arranged the members of the works that both the separate parts and the whole design
may harmonize in their proportions ans symmetry (Pollio, 1914, p. 75).

In relation to this verbal detachment of the knowledge, Pallasmaa quotes from Ong’s
1991 book that the transition from oral to written speech was crucial for the shift from
sound to visual space which was influential on human consciousness (Ong, 1991;
Pallasmaa, 2005). Pallasma adds ... and that print replaced the lingering hearing-
dominance which had its beginning in writing” (Ong, 1991; Pallasmaa, 2005). In
respect to the changes in the way of making in architecture, another important
departure from the body emerges during Renaissance period. Picon argues that:

At the Renaissance, the adoption of new tools and procedures, coordinated projections
in plan and elevation, and perspective representation, was inseparable from broader
phenomena like the emergence of the modern architect and engineer and the new
importance given to conception (Picon, 2010).

“One of the most striking changes that occurred in the Renaissance was the
development of visual perspective” Smith points out (Smith, 2004). Pallasma (2005)
indicates Leon Battista Alberti and his perspective as a beginning of a crucial turn
through the primacy of visual perception, harmony and proportion (Pallasmaa, 2005).
Pallasma quotes the statement of Alberti as, “Painting is nothing but the intersection
of the visual pyramid following a given distance, a fixed centre and a certain lighting’
outlines the perspectival paradigm which also became the instrument of architectural
thinking” (Levin, 1993; Pallasmaa, 2005). The vision-dominance roots of the thought
have grown up gradually in the Western thought. For instance, Pallasma quotes,

according to Lucien Febvre:
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The sixteenth century did not see first. It heard and smelled, it sniffed the air and
caught sounds. It was only later that it seriously and actively became engaged in
geometry, focusing attention on the world of forms with Kepler (1571-1630) and
Desargues of Lyon (1593-1662). It was then that vision was unleashed in the world of
science as it was in the world of physical sensations, and the world of beauty as well’
(Jay, 1994, p.34; Pallasmaa, 2005, p.25).

In their 1977 “Body, Memory, and Architecture” book, Bloomer and Moore trace back
the mechanisation of architecture in Louis XVI, 17th century (Boomer and Moore,
1977). Indeed, it is difficult to mention a precise date as a beginning of the paradigm
of mechanisation and rationalization. Instead, there had occurred a lot of complex
causalities in the constitution of the idea of the disembodiment. Bloomer and Moore
mention the relation between how the body was conceived and how the scientific
paradigms evolved at that time. The body was present as a divine organism in
architecture before Galileo. It was altered to a mechanical organism by his inferences
about how physical truth depends on “mathematical measurement and experiment”

(Bloomer and Moore, 1977).

To consider Descartes (1596-1650, Galileo (1564-1642) and, Kepler (1571-1630)
were contemporaneous, the way of observing had been probably influential on
Descartes’ dual assumption the subject and the object as the distance between
the‘observer’ and the ‘observed sky’. Moreover, Bloomer and Moore add:

Telescopic observation and the mathematical analysis of freely falling bodies could
describe for Galileo a world which obeyed mechanical laws, and the human body as
well as the starry skies belonged to that world (Boomer and Moore, 1977, p.15).

The hypotheses of Descartes on space and body are defined as: “a continuation of a
long debate within Medieval/Renaissance philosophy centred upon the Aristotelian
dictum that whatever possessed dimensionality was body (Url-2). According to
Descartes, space was assumed as a conceptual abstraction from the bodily spatial
extension (Url-2):

We attribute a generic unity to the extension of the space [of a body], so that when the
body which fills the space has been changed, the extension of the space itself is not
considered to have been changed or transported but to remain one and the same; as
long as it remains of the same size and shape and maintains the same situation among
certain external bodies by means of which we specify that space. (Url-2).

During 18th century, the growth of the scientific studies continued, like the
specialization in the professions. Instead of embodiment, various methods emerged
not only in architecture but also in other fields. The differentiation between the art and
the engineering schools can be traced back to this century. Therefore, the distinction

between the Cartesian rationalism and relatively holistic experience of art had
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deepened (Boomer and Moore, 1977). Pallasmaa (2005) remarks that architecture was
negatively affected by the abstract and universal structure of the ‘technological

rationality’ and also by the processes of management, organisation and production.

This separation in the attitude caused the search for the methods and theories which
can bridge the gaps. Boomer and Moore indicate “Beginning about 1910 a new
theoretical model emerged from the findings of the Berlin school of Gestalt
psychology” (Boomer and Moore, 1977). The overview of the focal points can be seen

in Figure 1.2.

Relationship between the way
of making in architectural
design and “body”

Reflections on practice, theory and
discourse of architecture

Focal points

- Overlaps in the way of making and thinking
- Written form of knowledge of architecture
(Vitrivius, 1st century B.C.)

- Craftsmen - apprenticeship relation

- Building directly by hands and body

- Leamning by imitating and doing

- “Discourse of divine body and body as
building” (Tzonis and Lefaivre,1975)

“Archaic
design”
verbal detachment

- Usage of perspective (Alberti)
S - 'ragmentation of sensory experience

Renaissance

Industrial
revolution

makind perspectiv‘
| vistﬁdetachment

—

machine

thinking

mind

- Dominance of visual perception

- Handcraft manifacture
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- Separation of “thinking mind” and “making
hand”; “theory” and “practice”

- Representation of knowledge of making via
machines, separate from body and experience
- Manufacture

- “Discourse of ‘the body of the building as a
machine’ and “’the bodies of the users of the
building as machines™(Tzonis and Lefaivre,
1975).

Digital
revolution

mind
mint,
gnind
mind,

- Fragmentation of thinking processes

- Representation of knowledge of making via
digital media, separate from body and
experience

- Disappearance of body and body as bits

Figure 1.2 : Detachment of body from the way of making in architecture.
In relation to “body”, Tzonis and Lefaivre define the shift of the conceptual framework
in architectural design in two directions. “Archaic design” and “mechanical era”. In
their 1975 article, they underline the role of the changes in the way of making in the

17th century and they assume that what drives the transformation is simply based on
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the requirement for maximizing utility and minimizing cost as a consequence of the
demand for rationalization of architecture (Tzonis and Lefaivre, 1975). This approach
of mechanical era was different than the previous archaic conceptual framework which
had referred to the divine law (Tzonis and Lefaivre, 1975). “References to the human
body relate simultaneously to all levels of the framework of archaic design”, Tzonis

and Lefaivre express.

“The new framework has two variants: one is the body of the building as a machine,
the other is the bodies of the users of the building as machines” write Tzonis and

Lefaivre and they add:

The commitment to the building as a machine accelerates the development of a design
methodology which, after a systematic collection of emprical and a long series of
experiements, succeeded in establishing a causal relationship between architectural
means and desired utilitarian effects (Tzonis and Lefaivre, 1975).

On the other hand, previously during the archaic era, the role and the conceptualization
of the body had depended on the “cosmological order of the world”.

The building is a human body to accept such a concept is to commit oneself to the
overal framework of archaic methodology, i.e. sacred harmony as an ultimate warrant,
a quasi-deductive logic of interference, a classificatory foundation for the justification
of design decisions and authority backings to validate them, and a concentration of the
repertory of design decisions around proportion, size and shape (Tzonis and Lefaivre,
1975).

Tzonis and Lefaivre express that: “The manual and the theoretical spheres of
architecture were fused into one” (Tzonis and Lefaivre, 1975). Later in the 17™ century
the separation between theory and practice; thought and making; designer and the
laborer had increased. ‘“At the same time the laborer was exempted from any
theoretical activities” write Tzonis and Lefaivre (1975) and they mention the
constitution of the Royal Academy and formal methods of teaching. In their words:
“As the divison of labor changed, so did the training of the architect” (Tzonis and

Lefaivre, 1975).

Pallasmaa points out that artists and craftsmen are commonly occupied with bodily
and existantial experiences instead of dealing with “external and objectified” problem.
(Pallasmaa, 2005). In the 18" century, the guild type organisation gradually had lost
its importance. Tzonis and Lefaivre state that engineers and artists in the architectural
field reached freedom after the elimination of the guilds and the decayed meaning of

‘divine human body’ belief (Tzonis and Lefaivre, 1975).
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To sum up, the division of labor, the degration, the specialization, the liquidation of
the guilds, and the distance between theory and practice had growth and had formed
in a centuries-long period. How/if the knowledge of an expert/craftsman could be
transferred became an important curiosity in the mechanical era for not only
architecture but also for engineering. Disembodied approaches of the knowledge and
the dominance of the bodiless experience became distinctive. As Pallasma states, “The
eye conquers its hegemonic role in architectural practice, both consciously and
unconsciously, only gradually with the emergence of the idea of a bodiless observer”
(Pallasmaa, 2005). The holistic conceptualisation of human body was replaced by the
mechanic conceptualization of the body, with Tzonis and Lefaivre’s words, “the body
of the building as a machine” and “the bodies of the users of the building as machines”
(Tzonis and Lefaivre, 1975). The industrial revolution also marks the period when the
work of the craftsman is fragmented into pieces, whereas before the craftsman had
complete control over the decisions made throughout the process, from the beginning
to the end (Sennett, 2009). These seperations in the attitude caused the search for the
methods and the theories which can bridge the gaps. Bloomer and Moore indicate
“Beginning about 1910 a new theoretical model emerged from the findings of the
Berlin school of Gestalt psychology” (Boomer and Moore, 1977). Moreover, as a
reflection of this refraction in the way of making, some attempts occured in
architecture education such as “multi (sensory)/folded experience of making” of the
Bauhaus Ateliers, revisiting the aesthetic theory, studies on perception, and Dewey’s

recovery of the experience in the “Art as experience”.

In the earlier 20th, some attempts for bridging the gap between “producing hand” and
“thinking mind” in terms of architectural design education are seen in the Bauhaus
curricula (Figure 1.3 and Figure 1.4). In the 1937 book, Moholy-Nagy (2012) asserts
that: “The future needs whole man”. Mogoly-Nagy (2012) introduces the sensory and
tactile training exercises in Bauhaus education, some of them are shown in Figure 1.3

and Figure 1.4.
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Figure 1.3 : (a) Woodcutting, Hin Bredendieck, 1937 (Moholy-Nagy, 2012).
(b) Woodcutting by machine, William Worst (Moholy-Nagy, 2012).

Figure 1.4 : (a, b, ¢) Toy, gyroscope (Moholy-Nagy, 2012).
(d) Virtual volume constituted by motion (Moholy-Nagy, 2012).

1.1.2 From draftsman through renderman (renderer): the disembodied

conceptualizing of knowledge and thought in the computational epoch

During the 20" century and in particular in the second half of it, the detachment of
experience from the knowledge and the idealist paradigm in knowledge theories, give
an impetus to the progress in technology. The intensification of researches about the
representation of knowledge by the means of symbols and language enabled
communication with computers. Vice versa, the emergence of computers and the
progress in digital technology have also increased the number of researches that
approach the representation of knowledge via rules, structures and algorithms. In other

words, the symbolic, verbal, formal and language based assumptions became more a
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distinctive medium of the knowledge (Figure 1.5). Therefore, the second half of the
20" century has brought a refraction in terms of changes in the way of making in
architecture. The transformative effect of ICKT (Information, communication and

knowledge technologies) has been influential in all the fields and in the architecture as

well.
conceptualization of knowledge
experience representation
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Figure 1.5 : The conceptualisation of the knowledge in the digital era

In order to understand the current situation Picon (2010) compares the recent
developments in architecture with what was happening a century ago. Picon asserts
that the digital architecture needs to be examined with the phenomenon of the
information and the communication technologies (Picon, 2010). Similar with the
concerns of the mechanic era, how to translate the information and knowledge to the
machine and digital media had been one of the important drives of the computational

epoch.

In terms of digital era’s polarisation and differentiation in the approaches among the
theorists and practitioners, Picon lists “Greg Lynn, William Mitchell, Peter Eisenman,
Frank Gehry” on one hand and “Kenneth Frampton and Juhani Pallasmaa’ on the other
(Picon, 2010). In a wider perspective which consists of names from other disciplines,

it is possible to increase these names and the theories.

Alan Turing’s “Turing Test”, which is based on verbal form of communication, was
mentioned in his 1950 article, “Computing Machinery and Intelligence”. Noam

Chomsky’s language theory can be traced back in the 1950s. Chomsky’s “Logical
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Structure of Linguistic Theory” was published in 1955. Later Chomsky developed the
theory of language which allows the translation of one language to another via
grammar, syntax and rules. Christopher Alexander’s “Notes on Synthesis of Form”
was published in 1964, “A Pattern Language” was published in 1977. Simon’s “The
sciences of the artificial” was published in 1969. Moreover Paivio’s “Dual Coding
Theory” which considers the nonverbal imagery and verbal processes discretely, was
firsly published in 1969. In 1970s, studies on artificial intelligence (Al) increased.
Taking a different approach, it is possible to mention the metaphysical and ontological
distinction between Dreyfus and Heidegerian point of view on one hand, Simon and

Newell on the other hand.

In 1980s, apart from the verbal representation, the visual representation and visual
forms of communication gained an acceleration in their progress. There had been a
shift in the interest from verbal towards visual. How to translate visual information to
the computers became more prominent in 1980s. In that manner, Stiny’s theory of the

Shape Grammars can be assumed as a reflection of this interest shift.

In 1990s, CAAD (computer aided architectural design) tools were began to be used in
architectural design process. In that decade, the usage of the CAAD softwares was
replica of the traditial design media. The discourse of digital technology in architecture
slowly evolved. “Computers as tools”, “computers as media”, “computer as partners”
were discussed (Schmitt, 1997). Besides CAAD, computer mediated design (CMD)
emerged. However, the concern for the disembodiment of knowledge still remained as
a main stream approach in 1990s. Today there is a common tendency in to avoid using

the term “computer”. Instead, the term of the “digital media” provides a more accurate

description.

In respect of the relation of body and tools, and the conceptualisation of the body, in
the digital era the visual representation becomes much more dominant. Apart from the
distinction between the hand and the mind of mechanic era, the fragmentation of the
senses emerged. Approaching the senses separately has become the common attitude
in scientific reseach. There has been a limited number of people who criticised the
reductionist growth of the computational approaches, so to mention, Pallasmaa,
Dreyfus, Lakoff and Johnson’s embodiment theory, and Gallagher. As a key point of
the critics of Pallasmaa, the suppression of hapticity among the other senses has

become a problematic for the architects in the digital epoch. Pallasmaa mentions that
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isolation of senses in the technological realm create experiences like detachment,

alienation and solitude (Pallasmaa, 2005).

Considering the detachment of the senses, Pallasmaa also points out the natural
“complexity, comprehensiveness and plasticity of the perceptual system” is broken up
with seperation and reduction (Pallasmaa, 2005). Pallasmaa states:

The problem arise from the isolation of the eye outside its natural interaction with
other sense modalities, and from the elimination and suppression of other senses which
increasingly reduce and restrict the experience of the world into the sphere of vision”
(Pallasmaa, 2005).

Considering the dominance of vision, Pallasmaa states that vision can trigger other
senses and its importance was more evident in historical architecture than
contemporary architecture (Pallasmaa, 2005). He underlines a way to avoid from the
dominance of the vision: “The loss of focus can liberate the eye from its historical
patriarchal domination” (Pallasmaa, 2005). He also mentions that the design process
was adapted into a passive execution process by the demoslishing effects of computer
imaging on multi-sensory, simultaneous and synchronic visual handling process
(Pallasmaa, 2005).Pallasmaa adds that a distance is created between the maker and the
design object by computers. On the other hand the actions of drawing by hand and
model-making provides a haptic interaction between the designer, the design object

and the space (Pallasmaa, 2005).

The dominance of the vision can be also traced back in the discourse of the 20th
century. “I am and I remain an impetinent visual — everything is in the visual” says
Le Corbusier (Pallasmaa, 2005). “One needs to see clearly in order to understand” and
“I exist in life only if I can see” Le Corbusier expresses (Pallasmaa, 2005).
“Architecture is the masterly, correct and magnificient play of masses brought together
in light”, unquestionably defines an architecture of the eye” (Pallasmaa, 2005). Despite
the concrete clarity in the discourse of Le Corbusier on the primacy of vision,
Pallasmaa still remarks the tactile and kinesthetic quality of Le Corbusier’s skecting
and its contribution (Pallasmaa, 2005). Pallasmaa’s (2005) opinion about Frank Lloyd
Wright:

The same counter current against the hegemony of the perspectival eye has taken place
in modern architecture regardless of the culturally privileged position of vision. The
kinesthetic and textural architecture of Frank Lloyd Wright, the muscular and tactile
buildings of Alvar Aalto, and Louis Kahn’s architecture of geometry and gravitas are
particularly significiant examples of this (Pallasmaa, 2005, p. 35).
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In brief, there had been a common tendency of dominating the vision in the theories,
approaches, and assumptions in 20" century. In the second half of the 20" century this
tendency gained acceleration by the impact of development in the information and
communication technologies. The disembodied assumptions of knowledge neglected
the aesthetic qualities of experience and the spatial dimensions of the experience. The
encounter of architecture with the digital world could not become fruitful enough
because of the reductionist and disembodied approaching. The communication and
interaction between the architect and the digital media remained insufficient, without
utilizing both the potentials of the digital media and the potentials of multisensory
experience. The theories of knowledge neglected the tacit dimensions of the
experience. Moreover, similar with the previous mechanic era, the specialization
brought degregation in the architectural practice. The draftsman of the mechanic era,
slightly had been transformed into the render operator of the digital era. This is also

because, the technological development has not provided architect friendly interfaces

1.2 Ontological Perspectives: “Being for itself” — “Being for Others”

“...post-Kantian Continental philosophers, in a long tradition which includes Jean-Paul
Sartre among others, have considered an investigation of the human body to be
indispensable to any account of human reality” (Morris, 2010).

Sartre, writing apropos bodily experience, proposes that two ontological levels emerge
called: “being-for-itself” and “being-for- others” (Sartre, 1984). Merleau-Ponty
interprets the integration of Sartre’s two ontological notions as perception and
experience (Pallasmaa, 2005). Pallasmaa underlines the continuous character of
interaction of our bodies and our motion with the environment (Pallasmaa, 2009).
Young draws attention to Merleau-Ponty’s revolutionary step of theorizing
consciousness itself as embodied, existing in a tangible encounter with human and
nonhuman others (Young, 2005). With this new theory, he reoriented the entire
tradition of inquiry by locating subjectivity not in the mind or consciousness, but in
the body (Young, 2005). In contrast to the Cartesian duality between the mind and the
body, these investigations raise the issue of the dependency and interaction between

conscious action and unconscious bodily experience.

In architectural discourse, the writings of Pallasmaa had a major influence on recent

discussions on the role of the body and the senses in architectural discourse and
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teaching (Pallasmaa, 2005; Pallasmaa, 2009). In refence to Kearney, Pallasmaa

quotes:

The notion derives from Marleau-Ponty’s dialectical principle of the intertwining of
the world and the self. He also speaks of the ‘ontology of the flesh’ as the ultimate
conclusion of his initial phenomology of perception. This ontology implies that
meaning is both within and withorut, subjective and objective, spiritual and material
(Kearney, 1994; Pallasmaa, 2005).

Pallasmaa (2005) also mentions Merleau-Ponty’s philosophy, which claims that the
center of experimental world is human body. He refers to the summary of Richard
Kearney that ‘[i]t is through our bodies as living centres of intentionality that we
choose our world and our world chooses us’ (Kearney, 1994; Pallasmaa, 2005:40).
Pallasmaa quotes from Merleau-Ponty that:

Merleau-Ponty’s own words, ‘Our own body is the world as the heart is the organism:
it keeps the vsible spectacle constantly alive, breathes life into it ans sustains it
inwardly, and with it forms a syste’; and “[s] sensory experience is unstable and alien
to natural perception which we achieve with our whole body all at once, and which
opens a world of interacting senses” (Merleau-Ponty, 2012; Pallasmaa, 2005).

Kant proposes the concept of ‘“aesthetic activity” in which the sensing subjects
constructs spatial relationships and potential links between the sensible and
transcendental realms (Rawes, 2008). He also argues that different modes of thinking
such as pure intuition, sense-intuitions, technical and aesthetic activities are emerged
through experiencing the geometry (Rawes, 2008). Morris points out:

For us, the interrelation between our identities as living, perceiving, cognising,
philosophising beings and the identity of other beings, is manifest as an ontological
issue in our expenence of space. This has been shown, for example, by Sartre in Being
and Nothingness, Heidegger in Being and Time, and Merleau-Ponty in the
Phenomenology of Perception and “Eye and Mind” (Morris, 1997, p.3)

Morris adds:

The space that we sense has a direction: to sense things as spatial is to have a sense of
how things fit into a larger whole that orders the world around each one of us, and this
fit is inherent to our sense of space (Morris, 1997).

Sartre (1984) reveals the interrelationship between the touch and being touched that
they are seperate types of phenomena and “double sensation” term is an unnecessary
attempt to combine them (Sartre, 1984). Pallasmaa underlines the significiance of the
multi-sensory experience:

Every touching experience of architecture is multi-sensory; qualities of space, matter
and scale are measured equally by the eye, ear, nose, skin, tongue, skeleton and
muscle. Architecture strengthens the existential experience, one’s sense of being in
the world, and this is essentially a strengthened experience of self. Instead of mere
vision, or the five classical senses, architecture involves sevelarl realms of sensory
experience which inetarct and fuse into each other (Jay, 1994; Pallasmaa, 2005).
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“The world is reflected in the body, and the body is projected onto the world. We
remember through our bodies as much as through our nervous system and brain” adds
Pallasmaa (Pallasmaa, 2005). As Pallasmaa quotes from Jay, “(Sartre) was concerned
with ‘the objectifying look of the other, and the ‘medusa glance’ [which] “petrifies”
everything that it comes in contact with” (Jay, 1993; Pallasmaa, 2005). This “medusa
glance”, in other words the dominance of the static/frozen vision in which the motion,
the kinesthetic experience and the sensation of touch neglected, can be defined as
“hegemony of the eyes”. Pallasmaa expresses:

“The hegemonic eye seeks domination over all fields of cultural production,
and it seems to weaken our capacity for empathy, compassion and participation
with the world. The narcissistic eye views architecture solely as a means of
self-expression, and as an intellectual-artistic game detached from essential
mental and societal connections, whereas the nihilistic eye deliberately
advances sensory and mental detachment and alienation” (Pallasmaa, 2005, p.
22).

In reference to Merleau-Ponty, Pallasma quotes:

“My perception is [therefore] not a sum of visual, tactile and audible givens: I perceive
in a total way with my whole being: I grasp a unique structure of the thing, a unique
way of being, which speaks to all my senses at once’ (Merleau-Ponty, 2012;
Pallasmaa, 2005).

Therefore it can be said that the nature of perception and cognitive processes are more

complicated than the discrete domination of the vision.

1.3 Epistemological Perspectives: The Unity of Sensory Experience

This chapter is based on epistemological grounds of sensory experience. Deriving from
the science philosophy, it is investigated “how” and “how much” one can know about
the mechanism of the sensory experience. Beyond the “five senses” assumption, the
historical and epistemological origins of the senses and the haptic/tactile/kinaesthetic

sense in particular are examined in the light of the unity of the senses.

The term Epistémeé is the Greek word most often translated as knowledge (Url-1). It
is a common agreement that the number of the senses are limited (Connor in Serres,
2008). “Itis generally agreed that there is a finite number of senses, even though there
is much less sameness of report on the precise number than we might expected” says
Steven Connor in the introduction of “The Five Senses” (Connor in Serres, 2008). In

reference to Soesman, Pallasmaa quotes that “Steinerian philosophy assumes that we
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actually utilise no less than 12 senses” (Soesman, 1998; Pallasmaa, 2005). Pallasmaa

also highligths:

“Multi-sensory experience, epistemology, 12 senses: “The anthropology and spiritual
psychology based on Rudolf Steiner’s studies of the senses distinguishes 12 senses:
touch; life sebse; self-movement sense; balance; smell; taste; vision; temperature
sense; hearing; language sense; conceptual sense; and ego sense. Albert Soesman,
(1998). Our Twelve Senses: Wellsprings of the Soul, Hawthorn Press, Stoud, Glos”
(Pallasmaa, 2005, p. 77).

In relation to the multi-sensory roots of experience Pallasmaa quotes that:

The psychologist James J Gibson regards the senses as aggressively seeking
mechanism rather than mere passive receivers. Instead of the five detached
senses, Gibson categorises the senses in five sensory system: visual system,
auditory system, the taste-smell system, the basic-orienting system and the
haptic system (Bloomer and Moore, 1977, p. 33; Pallasmaa, 2005, p. 41).

Considering the historical roots of the separation of the senses, Aristotle accepts four
senses: “...since he was anxious to correlate the senses with the four elements- vision
with water, sound with air, smell with fire and touch with earth, with taste being
regarded only as a “particular form” or “modification” of touch” (Beare , 1931; Connor
in Serres, 2008). Connor adds the suggestion of Aristotle about the necessity of an
intermediate sense between the five other senses (Connor in Serres, 2008). Some
drawings of Abidin Dino from one of his exhbitions titled “Edition De Kuxe” which

was held in Ankara Gallerie Nev can be seen in Figure 1.6.

Figure 1.6 : The Hand, Abidin Dino, 1984.

In relation to the separation of the senses, the dominance of vision can be dated back
to the ancient era. “The eyes are more exact witness than the ears” wrote Heraclitus in
one of “his fragments” quotes Pallasma (Pallasmaa, 2005). “Plato regarded vision as
humanity’s greatest gift, and he insisted that ethical universals must be accessible to
‘the mind’s eye” (Pallasmaa, 2005). “Aristotle, likewise, considered sight as the most
noble of the senses, because it approximates the intellect most closely by virtue of the

relative immateriality of its knowing” (Pallasmaa, 2005).
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Connor expresses: “Democritus, who explain sensation by the friction of the atoms of
different shapes and sizes, thought that all the senses were really only variations of the
one sense of touch” (Connor in Serres, 2008). Moreover Pallasmaa adds: “Aquinas
even applies the notion of sight to other sensory realms as well as to intellectual

cognition” (Pallasmaa, 2005).
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2. THEORIES AND CONCEPTS ON EMBODIMENT

The term embodiment inherits its conceptual roots from the Continental Philosophy,
in particular from the works of Merleau-Ponty. It is a well established concept which
has been used in different contexts in various disciplines. The common denominator
of different approaches is the phenomenal assumption of body, apart fom the
subjective assumption of body. In the Cambridge Dictionary of Philosophy, in relation
to the term embodiment it is written that:

The distinction between the objective and phenomenal body is central to
understanding the phenomenological treatment of embodiment. Embodiment
is not a concept that pertains to the body grasped as a physiological entity.
Rather it pertains to the phenomenal body and to the role it plays in our object-
directed experiences (Audi, 1999).

The concept of embodiment has been influencial in various theories and concepts.
Gallagher states that there is a widespread claim in varying disciplines about the
necessity of embodiment for the comprehension of cognition (Gallagher, 2005).
Embodied cognition theory, proposes that bodily experience plays an important role
in constituting our way of thinking. We acquire and perceive data through bodily
communication with the physical environment. Gallagher associates body and
experience within embodiment:

The human body, and the way it structures human exprience, also shapes the
human experience of self. If the self is anything more than this, it is nonetheless
and first of all this, an embodied self (Gallagher, 2005, p.14).

Using Atkinson’s “inseparability of body-mind-world”, body, mind and the
environment that one interacts with are seen as inseparable parts of embodied
cognition (Atkinson, 2010). Seitz’s (2000) concept of the “embodied mind” postulates
the bodily basis of thought. This is in contrast to classical cognitivist and connectionist
theories, which rely on Cartesian disembodiment of mind (Seitz, 2000). Thompson
presents a phenomenological perspective that goes beyond the previous computational
theory of mind (Thompson, 2007). Thomas and Banks, in their Encyclopedia of
Consciousness, address different theories concerning imagery, such as picture,

description and enactive theory (Thomas and Banks, 2009). In addition to these, the
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concept of “embodied interaction”, introduced by Dourish, refers to how one creates
meaning in the world through embodied practice within it (Fogtman, 2012; Dourish,

2004; Schick and Malmborg, 2010; Penny, 2010).

2.1 Embodiment of Experience in Architecture

Embodiment of the experience can be discussed under an infinite number of titles in
the context of architecture. However, within the scope of this dissertation, I aim to
indicate the necessity for unfolding discussions on embodiment, instead of explaning
them one by one. In a broader sense, experience is embedded in time, space and body.
The two dimensions of experience, space and time are folded with/in body. Time
makes the space spatial. In other words, space, time and embodied experience are the
complementary dimensions of each other. In the context of architectural design, not
only the design representations and their locations in the space but also the bodily
dimensions of experience become important. Here the term “bodily experience” refers
to both sensory and cognitive dimensions of experience. However, beyond the realtime
sensed experience, there is also a non reductable whole. This nonreductable holistic
experience includes the collection of experiences since the early childhood. To
mention but not to extend, bodily experience has also cultural, social and biological

roots.

In reference to Merleau-Ponty, Morris expresses that:

“Merleau-Ponty has shown that perceived space has a meaning for our
embodied being in the world, that space is sensed around us. To understand
this is to understand that our perceptual relation to a space of things and others
beyond us cannot be rooted in a fixed, abstract and idealised connection
between our senses, our mind and dimensions that are fixed beyond us”
(Morris, 1997, p. 7).

Pallasmaa argues that “architecture articulates the experiences of being-in-the-world
and strengthens our sense of reality and self; it does not make us inhabit worlds of
mere fabrication and fantasy” (Pallasmaa, 2005). Vroman et al. (2011) discuss how/if
tacit dimensions of embodied experience and movement provide spatial awareness
through dance for architecture. Morris underlines the relation between the topology of
the lived body and our sense of space (Morris, 1997). Kotnik introduces bodily
experience as a key concept in understanding geometrical knowledge, essential in the

age of computation (Kotnik, 2013).

26



2.1.1 The primacy of touch

“It 1s strange that the tactile sense, which is so infinitely less precious to men
than sight, becomes at critical moments our main, if not only, handle to reality”.
Vladimir Nabokov (quoted in Bliss, 1961).

The sense of touch is one of the oldest senses among all (Pallasmaa, 2005). This is
why from an evolutionary point of view, it always has an important role. Serres
underlines the importance of pure touch which allows these access to information and
it provides a soft correlate of what was once called the “intellect” (Serres, 2008). In
respect to the primacy of touch, Pallasma asserts that: “The primacy of the tactile
sense has become increasingly evident. The role of peripheral and unfocused vision in
our lived experience of the world as well as in our lived experience of interioty in the
spaces we inhabit [..] 7 (Pallasmaa, 1996). Ashley Montagu, the anthropologist, based
on medical evidence, confirms the primacy of the haptic realm:
“[The skin] is the oldest and the most sensitive of our organs, our first medium
of communication, and our most efficient protector... Even the transparent
cornea of the eye is overlain by a layer of modified skin ... Touch is the parent
of our eyes, ears, nose, and mouth. It is the sense, which became differentiated

into the others, a fact that seems to be recognized in the age-old evaluation of
touch as ‘the mother of the sense’” (Montagu, 1986; Pallasmaa, 2005).

Pallasmaa adds that senses including vision are different specialisations of tactile
senses and touching and tactiliy creates the different types of sensory experiences
(Pallasmaa, 2005). From the perspective of neuroscience Millar (2006) states that:

Traditional division of sense modalities into “proximal” and “distal” senses has
had a considerable influence on the view that visuo-spatial concepts differ
radically from spatial concepts derived from touch. Touch has typically been
considered as a proximal sense, because the stimuli arise from direct contact of
objects with the body.

2.1.2 Reflection-in-“inter”’action

The cyclical relationship between physical action and thought process has been
emphasized by Klemmer et al., using the concepts of “thinking through doing” and
“thinking through prototyping” . In addition, they underline the role of artifacts
providing tacit and tactile “backtalks” (Klemmer et al., 2006).

Streeck examines the interaction of body in the context of sight based perspective by

highlighting “...the need for a more comprehensive and holistic conception of the
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interacting body by pointing to a handful of aspects that are not easily accomodated to
our customary, vision-based accounts” (Streeck, 2013). Although Streeck (2013)
mentions and focuses on “vision-based account” he does not neclect the holistic nature
of interaction involving hapticity:

“Among these aspects are the body’s skilled familiarity with the material world
(embodied knowledge); the role of the ‘‘haptic system’’ (Gibson, 1966) in the
production of embodied knowledge; kinesthesia; and the heterogeneity of the
ways in which bodily actions contribute meaning in social interaction”
(Streeck, 2013).

Streeck claims that he does not want to bring a new conception of the human body into
forth, instead he discusses the underlying reasons of necessity of a holistic conception
(Streeck, 2013). He adds:

“My aim is not to provide a new conception of the human body in interaction,
but simply to provide arguments why it is needed and make suggestions where
elements of a holistic conception can be found. How we can study the moment-
by-moment production of intersubjective understanding and concerted action
in a fashion that accounts for phenomena presumed to be ‘‘internal’’ such as
kinesthesia (the subject’s perception of his or her own movements) while
maintaining rigorous standards of observability, is a question that is beyond the
scope of this paper and will have to be answered by future research” (Streeck,
2013)

Greeno quotes that an interactionist view of perception and action focusing on
information that is available in the environment was developed by Gibson (Greeno,

1994). He adds Gibson’s discussions on perception of motion and movement (Greeno,
1994).

2.1.3 Tacit knowledge

The concept of “tacit knowledge” was first proposed by Polanyi who used the term to
refer to knowledge that a person has in her ability, but she might not be able to express
explicitly (Polanyi, 1958; Long, 2011). Polanyi’s concept of the “tacit dimension”,
takes its root in Gestalt psychology and is in the intellectual tradition of Husserl’s
phenomenology, Heidegger’s “dasein” and Sartre’s existentialism concepts (Long,
2011). One of the significant contributions of Polanyi is that he brought implicit and
tacit dimensions of knowledge into the discussion on classical computational theory
(Long, 2011). Polanyi’s contribution made it possible to deal with the implicit
dimension of knowledge, which is not represented verbally but rather derived from the

living experience of one’s body. Furthermore, Gallagher clarifies arguments on the
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‘non-reductionist science of the embodied mind’ by conducting a phenomenological

investigation (Gallagher and Schmicking, 2010).

Regarding theories on imagery, Seitz (2000) deals both external mental imagery and
internal kinesthetic imagery in which muscle memory and kinesthetic experience play

an important role.

2.1.4 Experience with/in the space

According to Pallasmaa, the exchange between the space and self in art takes place by
leaving the emotions of self through space and letting the space liberate perception and
thought (Pallasmaa, 2005). The experience is consitutued in the space and in relation
with the space. Therefore it is not a static image. Instead, experience is embodied. It is
embedded in space, time, memories and the perception. The spatial dimensions of
experience involves preconscious perception too. In the context of the dominance of
vision dominance, Pallasmaa says that both focused image and the ‘preconscious
perceptual realm’ experienced outside the sphere of the focused image are equally

significant for existance (Pallasmaa, 2005).

Taking orientation and motion into consideration Morris says:

We do not perceive space itself as such, but every thing and person that we
perceive, we perceive as being in space and as having spatial dimensions: other
people and things appear in depth and have depth, height and width, as well as
an orientation; and our bodies have a height, depth, width and orientation for
others and for ourselves. (Morris, 1997)

Morris also adds the we exist with things in the space together, where the spatiality of

each can be sensed by moving around them and they moving around us (Morris, 1997).

Before assuming the image-schema as an abstract, cognitive structure, we need to
consider its embodied roots (Johnson, 2008). At this point, a dialectic approach is
needed to study the interaction between abstract conceptualization and reasoning
processes with concrete bodily experience. Image schemas constitute an important part
of our unrepresented world and thoughts, in addition to our sensory-motor experience
(Johnson, 2008). Image-schemas function as activation patterns in the topological
nervous system maps (Johnson, 2008). Studies in neurology support this argument.
For example, in a study conducted by Rizzolatti and Craighero in 2004 on monkeys,
it was observed that after seeing a picture of a monkey holding a banana, the related

neurons of the observing monkey would be stimulated (Rizzolatti and Craighero, 2004;
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Johnson, 2008). The phenemenon of the stimulation of the neurons involved in the
execution of action being observed in other humans or animals was coined “mirror

neurons” by Rizzolatti and Craighero (Rizzolatti and Craighero, 2004).

2.2 Embodied Cognition Theory

The theory of embodied cognition is based on the assumption of interrelationship
between the high-level cognitive activities and the low-level sensory-motor activities.
The main difference from the traditional theory of mind is, in embodied cognition the
conscious self is taken into account as an experiencing agent located in the world.
Therefore the theory of embodied cognition proposes the hoilistic assumption of the
mind and the body. In this part I explain Lakoff and Johnson’s theory of image schema

and the related concepts.

2.2.1 Body image, body schema and image schema

The first source in architecture to refer to the body-image theory is considered to be
Bloomer and Moore’s “Body, Memory, Architecture” published in 1977. They stated
that body image develops with ‘haptic and orienting experience’ in earlier stages of
life than the visual images which depends on the previous haptic experiences (Bloomer

and Moore, 1977, Pallasmaa, 2005).

Bloomer and Moore state that the term “body-image,” or the term “imagery” in its
extended meaning, already includes the concepts of “body-perception” and “body-
schema” (Bloomer and Moore, 1977). They state that “For our purpose we mean to
accept the body-image as the complete feeling, or three dimensional Gestalt-sense of
form- that an individual carries at any one moment in time - his spatial intentions,
values, and his knowledge of a personal, experienced body” (Bloomer ve Moore,
1977). As for their body-image schemas, they list schemas such as “up/down”,

“front/back”, “right/left” and “here-in-the-center” (Bloomer ve Moore, 1977).

Going all the way back to 1890s to study their etymological and historical roots,
Gallagher uncovered the historical roots of this concept and clarified the difference in
the meaning of “body image” and “body schema”, Johnson subsequently used the term
“body schema” to refer to recursive mental patterns of the cognitive process

(Gallagher, 2005; Johnson, 2007). Lakoff and Johnson (1980) argue that while at the

30



conscious level the thinking process is linear, there are parallel mechanisms that are

bound to the thought process simultaneously and unconsciously.

Having referred to the concepts of “body-schema” and “body-image” in their prior
work and having developed the term “image schema”, Lakoff (1987) and Johnson
(1987) have also adapted to Gallagher’s suggestions . Body schemas were described
as “sensory-motor capacities that function without the awareness or the necessity of
perceptual monitoring” (Galllagher, 2005: Johnson, 2008). Johnson highlights that in
addition to this, the body schemas govern the tacit performances that operate below
the level of self-refential intentionality, at the preconcious level (Johnson, 2008).
Therefore, “our perception, bodily movement and kinesthetic sensibility” can operate
at the preconscious level, in an integrated and spontaneous way (Johnson, 2008). For
body-schema, Merleau-Ponty gives the example of reaching over to something using
gestures (Merleau-Ponty, 2012). Body image, on the other hand, is described as “a
person’s perception, behavior and belief system about one’s own body” (Gallagher,

2005; Johnson, 2008).

2.2.2 Lakoff and Johnson’s theory of image schema

Lakoff (1987) and Johnson (1987) have contributed to the embodiment theory with
their concept of the “image schema” (Lakoff, 1987; Johnson, 1987). This concept lies
at the foundation of the sensory motor experience, which encounters a world that we
comprehend and participate in through our executive functions (Johnson, 2008). In
other words, according to Johnson, at the basis of all aspects of perception, motor
activities and our understanding of spatial terms, lies the image-schematic structure
(Johnson, 2008). Johnson adds the contours of our lived world are defined by recurring

structures like up-down, front-back, near-far, in-out, on-under (Johnson, 2008).

In addition to these, Lakoff and Johnson (2008) state that abstract concepts are derived
from spatial orientation concepts that can be bodily experienced. They explain that
physical experience and experiencing the world physically and culturally using the
body lies at the roots of spatial orientation concepts, such as up/down, in/out,
front/back, open/closed or center/periphery. Based on this premise, they state that,
although it could show cultural variations, abstract terms such as good/bad or
happy/unhappy can be paired with orientation terms such as up/down. They add, for

example, “a lot” would suggest a higher ground, or “little” would suggest a lower
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ground. They also have shown how the future events are “ahead of us”, whereas the
past is “behind us” (Lakoff and Johnson, 2008). Some of the basic image schemas of

Lakoff and Johnson are listed below.

e Containment: interior-exterior-boundary;

e Source-path-goal;

e Motion.
The containment schema has a spatial character. It works in connection with other
spatial image schemas. According to Johnson, in its simplest terms, it contains abstract
borders, and an inner and an outer part. It is created at a subconscious level at various
types and scales, based on the interaction between our body, mind and environment

(Johnson, 2008). It helps us understand and interpret any given scene in the world.

The source-path-goal schema consists of three components: “(i) a starting point, (ii) a
destination (end point), (iii) a path from the starting location to the destination”
(Johnson, 2008). The destination point is mapped as the interior of the containment

schema (Johnson, 2008).

Motion schema relates to bodily movements through space and, manipulations of
objects (Johnson, 1987). Apart from these basic image shemas, Johnson (1987)
introduces body schemas under the titles of (i) spatial motion group, (ii) force group,

(ii1) balance group (Johnson, 1987).

2.3 Embodied Interaction Theory

The concept of “embodied interaction”, introduced by Dourish (2004), refers to how
one creates meaning in the world through embodied practice within it (Fogtmann,
2012; Dourish, 2004; Schick, 2010; Penny, 2010). Dourish (2004) explains the term

he introduced as :

“Embodied interaction an approach to interacting with software systems that
emphasizes skilled, engaged practice rather than disembodied rationality
reflects the phenomenological approaches of Martin Heidegger, Ludwig
Wittgenstein, and  other  twentieth-century  philosophers.  The
phenomenological tradition emphasizes the primacy of natural practice over
abstract cognition in everyday activity. He looks in particular at how tangible
and social approaches to interaction are related, how they can be used to
analyze and understand embodied interaction, and how they could affect the
design of future interactive systems” (Dourish, 2004).
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The theory of embodied interaction has become one of the key references for the
studies in the context of tangible and full body interaction. Based on Dourish’s theory
of embodied interaction, Fogtman (2012) introduced kinesthetic empathy interaction.
Kinesthetic empathy does not focus on the manupulation of the object by digital media
but instead on the existence of body in space. Therefore, Fogtman (2012) extends the
spatial dimensions of the interaction by counting body. Therefore, Fogtman (2012)
extends the spatial dimensions of the interaction by counting bodies. Fishkin et al.
examine the interaction issue as a mimic of our interaction with the physical world
(Fishkin et al., 1998; Fogtman, 2012). Arguing from a phenomenological perspective,
Larssen et al. (2007) propose the concept “The Feel Dimension” to study embodied
interaction in a holistic sense. “The Feel Dimension” consists of four different aspects:
body-thing dialogue, potential for action, action in space and movement expression
(Fogtmann, 2012; Larssen et al., 2007). Klemmer et al. reveal how bodies play
important role in the interaction process with the digital environment and they

kb (13

introduced five themes for interaction: “learning through doing”, “performance”,

“visibility”, “risk” and “thick practice”. They evaluate the role of the gestires under

the title “learning by doing” (Klemmer et al., 2006).

Figure 2.1 : Mental model for usage of GUI (Klemmer et al., 2006; Igoe and
O’Sullivan, 2004).

As it can been seen in Figure 2.1, within the interaction with graphical user interfaces
there is loss of tactile dimension. The hand loses its main function in the interacting
with the world and become one dimensional. There is a dominance of visual
perception. However, the hand and gestures play a crucial role in the motor and the

sensory level of perception (Figure 2.2).
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Figure 2.2 : Model for the primary motor area (Url-3).

Hurtienne et al (2010) and Hurtienne (2011) introduced a comprehensive study and
developed evaluation criteria for digital user interfaces by utilizing image schemas.
Hurtienne’s methodology covers the dimension of visual perception by evaluation
graphical use interfaces (Hurtienne, 2011). Different from his study, the scope of this

dissertation is focused on the nonvisual and nonverbal aspects of thought.

: Image -
Experience —> gchema == Instantiation
Basic recurring Abstract multimodal Behaviour, Imagination,

sensorimotor analogue Language,
experience in the world representation User Interfaces, ...

Figure 2.3 : A model for “Acqusition, representation and instantiation of image
schemas” by Hurtienne (Hurtienne, 2011).

Fishkin asserts there will be change towards embodied and invisible uuser interfaces.
From an evolutionary perspective, today it is possible to say Fishkin’s 1999 paper is a

pioneering work which is still partially valid (Figure 2.4; Fishkin, 1999).
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Keyboard Ul —>
Graphical UI (GUI) —>
Gestural Ul —>
Tangible Ul —>
Embodied Ul —>
... invisible user interface

Figure 2.4 : Evolution of computer user interfaces (Fishkin, 1999).

Fishkin (1999) focuses on the question how to extend the richness and intuitiveness of
the interaction experience. He proposes traceble overlaps between the world and the

digital devices (Figure 2.5).

Real-World Task Device-Embodied Task
Physical objects Physical device

Real properties of objects Represented objects & properties
Manipulations on objects Manipulations on device

sensors on device
input grammar and
interpretation

Feedback from objects Feedback from device and
representation

Figure 2.5 : A framework for user interface design (Fishkin, 1999).

Clifton (2014) introduces guidelines for designin tangible and embodied user
interfaces which support the user’s spatial abilities. Clifton uses the existing scales and
methods in psychology. In this dissertation, different from Clifton I attempt to
integrate some existing taxonomy of McNeill for gestures, and image schemas of
Lakoff and Johnson but I do not use specialized methods of psychology to evaulate

the spatial abilities of users.

To sum up, in the field of human-computer interaction there are a few attempts to
improve the quality of interaction by counting bodily dimensions of experience.
However the reflection of the theory of embodied interaction into the implications for

the digital environments is insufficient.
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3. NONVERBAL AND NONVISUAL FOUNDATIONS OF THOUGHT

3.1 Sensory Foundations of Thought

There have been a number of important studies on nonverbal foundations of thought
and imagery in terms of tactile, haptic and kinesthetic experience (Bliss, 1961; Hatwell
et al., 2003; Laban, 1966; Mandler, 2004; Mandler, 2012; Seitz, 2000; Sheets-
Johnstone, 1999; Sheets-Johnstone, 2010); gestures (Ekman and Friesen, 1969;
Goldin-Meadow, 2005; McNeill, 1992; Wilson, 1998); and dual codification as verbal
and visual (Paivio, 1971; Paivio, 1990; Thomas and Banks, 2009). In this chapter I
aim to discuss some key concepts of tacit foundations of conceptual thinking in three

subtitles conducted with hapticity, motion and hand gestures.

3.1.1 Haptic experience in childhood

From early period childhood, humans constitute bodily experience by interacting with
the world. “In the beginning, that is, at the time of our birth, our human capacities for
perception and behaviour have already been shaped by our movement” says Gallagher
(2005). Mandler focuses on the first year and particularly the first 6 months of the
infant development (Mandler, 2012). Observing infant development, she presents
spatial foundations of conceptualization (Mandler, 2012). She mentiones that image-
schemas contain iconic qualities (Mandler, 2012). Mandler introduces perceptual
meaning analysis (PMA) concept, asserting that during the conversion process from
the unstructured sensory information through the form of image-shemas we perceive
and make meanings depending on space, in other words this process happens in nature

with spatial qualities (Mandler, 2004; Mandler, 2012).

Moreover, rooted in the early childhood development, the concept of “movement”
constitutes a basis for manipulation of kinesthetic ideas (Seitz, 2000; Laban, 1966;

Leiner et al., 1986).
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3.1.2 Kinesthetics

In the Cambridge Dictionary (Url-4) the term “kinaestasia” is defined as:
“the ability to know where the parts of your body are and how they are moving”. The
term “kinesthetics” is also used instead of “kinaestasia” in the English of the United
States. The sense of kinesthetics is strongly connected to the perception of
proprioception which consists of the meaning of unconscious perception of movement
and spatial orientation (Url-5). Within the scope of the dissertation the concept of
kinesthetics is important. This is because hand gestures can be considered as interfaces
that mediate the communication between the self and the world in terms of kinesthetic

and tactile sensation particularly in the conventional design process.

Bliss underlines their spatial dimension of the kinesthetic and the tactile senses (Bliss,

1961). Bliss defines three aspects in relation to the sense of kinesthetics:

e Recognition of position;
e Active and passive movement;

e Resistence to movement (Bliss, 1961).

In relation to the passive movement, Bliss (1961) reports that:

For information transmission by passive movement, there are several
advantages to applying the stimuli to the hand. The hand is one of the most
sensitive parts of the body; it has many degrees of freedom, and its size is such
as require equipment of moderate size and power.

Bliss (1961) adds that direction in 3 dimensional space is another important aspect of
the passive movement which is acquired by hand gestures. Another researcher, Seitz,
deals with external mental imagery and also with internal kinesthetic imagery which

involves muscle memory and kinesthetic experience (Seitz, 2000).

Celik (2006) uses the term “kinaesthesia” in reference to the sense of bodily
movement. She underlines that the sense of bodily movement had been studied under
different the names such as “inner sense” and “organic” or “visceal” sensibility until
the nineteenth century (Celik, 2006). She says: “It was not until the early nineteenth
century, however, that ‘muscle sense’ was officially declared a ‘sixth sense’ in its own
right” (Celik, 2006). Sheets-Johnstone deals with the kinesthesia concept as an
awareness of “qualitatively felt kinetic flow”. Sheets-Johnstone (2010) applies the

phenomenological approach to exhibit the felt qualities and patterns of body
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movement, and after analyzing kinesthetic consciousness, she suggests that “tension”,
2 13

“linearity”, “amplitude”, and “projection” are the four primary qualities of body

movement (Sheets-Johnstone, 2010).

Laban introduces the concept of “choreutics” to indicates the relationship between
movement and perception (Laban, 1966). He asserts: “Space is a hidden feature of
movement and movement is a visible aspect of space. We must not look at the locality
simply as an empty room. Continuous flux within the locality itself” (Laban, 1966).
Petit highlights the living and dynamic foundations of experience through the
etymological investigation of the concept of ‘kinesthesia’, which covers the sensation
mechanism of moving body, and he proposes the idea of blind preverbal, implicit and

immanent knowledge of daily experience (Petit, 2010).

3.1.3 Hand Gestures

“Architecture is also a product of the knowing hand. The hand grasps the
physicality and materiality of thought and turns it into a concrete image”
(Pallasmaa, 2009, p.16).

Recent research in neuroscience suggests that spatial tasks are executed in more
complex relations than was previously assumed, via multiple, distributed areas of the
brain and using complex connecting circuits (Millar, 2006). Therefore it is extremely
difficult to evaluate the impact of each modality separately (such as tactile, visual, etc).
On the other hand, “touch” and “movement” can be considered as an important basis
of spatial coding where hand gestures play a fundamental part (Millar, 2006). In
addition, hand gestures both guide and govern meaning making during interactions
with artefacts and convey non-verbal, spatial knowledge. Using the gestural taxonomy
of McNeill, Gullberg (1999) designs an experimental setup with two participants,
where one of the participant was asked to look at a 2D stimulus image of a narration
and describe it; the second participant was asked to draw, based upon this description
(Gullberg, 1999). Gullberg reports that even though there was no clear structure to the
speech and thought the drawer could see the narrator, the “deictic” gestures played an
important role in mapping spatial relations explicitly, revealing spatial orientation and
directions of the given 2D image (Gullberg, 1999). In addition, gestures helped
understand dynamic concepts, motion and action in a more effective way (Kang, et at.,

2012).
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3.2 Bodily Experience and Metaphors

Lakoff and Johnson investigate how the bodily experience affects the constitution of
language, by criticizing dominant thinking about meaning in Western philosophy
(Lakoff and Johnson, 1980). They showed that the constitution of abstract concepts is
related to bodily experienced spatial orientation concepts (Lakoff and Johnson, 1980).
Johnson (2007) states that “movement” is one of the principal ways by which people
learn the meaning of things and acquire an ever-growing sense. Gentner (2001) reveals
that existence of spatial metaphors in linguistic levels during temporal reasoning

(Gentner, 2001).

3.3 Bodily Experience in the Conceptualizing Process

Borodistky (2000) and Borodistky et al. (2001) propose that abstract conceptual
domains are structured through metaphorical mappings of experience and that the
perception of time is related to the experience as well (Borodistky, 2000; Borodistky
et al., 2001). Regier and Carlson (2001) demonstrate the constitution of spatial
expressions in six different languages and concluded that they are all based on bodily
experience. Casasanto (2005) explores the perceptual ground of abstract thought. It is
argued that body is a central to mathematical understanding (Seitz, 2000; Lakoff and
Nuiiez, 2000), that speech and gesture form parallel computational systems (Seitz,

2000; McNeill, 1996; McNeill, 2005).

3.4 Bodily Foundations of Spatial Thinking

Trafton et al. (2006) examine how spatial language can be gestured and which spatial
aspects affect iconic gesture production. Golledge (1995) proposes four spatial
primitives: identity, location/relation, magnitude and time in respect to the relation
between human cognition and spatial language (Golledge, 1995; Trafton et al.,
2006). The term “spatial relationship* was used by Ekman and Friesen (1969) to
denote “On which the movement indicates distance between people, objects, ideas”
(Ekman and Friesen, 1969: 62). In this sense, the term is also intimately related to
abstract and conceptual ideas as well, apart from the location of physical object in the
space. In addition to these, as a reflection of gesture studies in the domain of

architecture, there exists few studies in this matter (for an historical overview see:
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Visser and Maher, 2011). Borodistky (2000) and Borodistky et al. (2001) propose that
abstract conceptual domains are structured through metaphorical mappings of
experience and that the perception of time is related to experience as well (Borodistky,
2000; Borodistky et al., 2001). Regier and Carlson (2001) demonstrate the constitution
of spatial expressions in six different languages and concluded that they are all based
on bodily experience (Regier and Carlson, 2001). Millar (2006) addresses the question

how we process the spatial information.
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4. BODILY EXPERIENCE IN PROTOCOL STUDIES

Since the introduction of the protocol analysis method by Eastman in 1969, numerous
contributions showing how designers think and the way in which researchers can
measure design activity or cognitive activities of designers have been made to the field
of design studies. We have attempted to use phenomenological method to explore how
designers constitute spatial and abstract ideas during a modeling task. In our literature
review, we examined the codification schemas of spatial ideas, abilities and

segmentation of bodily experience.

4.1 Overview of the Protocol Studies in Design Thinking

Protocol analysis methods are now regularly used in design research. These methods
provide an analytic approach to breaking down the design process. The act of design
is a highly complex one; Breaking down the act into components is important to a
thorough understanding of it. The reductions, even if they do not permit us to
understand the nature of the design process or all the relations that constitute it, allow
us to focus on specific aspects of the process. Several different protocol analysis

methods and approaces have been developed.

e The 'Concurrent' or 'Think aloud' method: In this method which utilizes short term
memory recall, the designer is asked to verbalize her/his thoughts during the design
process. This method was introduced by Ericson and Simon (Ericson and Simon,
1993). This method has been criticised for being artificial and for interfering with the
natural flow of thought (Lloyd, Lawson and Scott, 1995).

e The 'Retrospection' protocol: Participants are recorded during the design process,
shown the video recording and asked to describe their thoughts at relevant points in
the video. This protocol taps into and utilizes the long term memory of the participants.

(Suwa and Tversky, 1997).

Cross et al. (1994) divided the student activities into three parts as: Information

gathering, sketching and reflecting. Goel (95) suggested that sketches help the designer
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to make not only ‘vertical transformations’ in the sequential development of a design
concept, but also “lateral transformations” within the solution space: the creative shift
to new alternatives. Another classification is that process-oriented and content-

oriented protocol analysis, as it can be seen in Table 4.1.

Table 4.1 : Classification of protocol studies in design thinking.

Process-Oriented | Content Oriented

Goal-driven Sensor-driven
Newell and Simon (1977) Schon (1983)

What designers see and what do they possibly think? Interaction
with external representation in the early phases of design
process. Larkin and Simon(1987); Suwa ve Tversky (1997)
Sketch-Inspect-Revise Loops Inspection phase, “seing as,
seeing that” “Why are sketches a good medium for reflective
conversation with one's own ideas and imagery? (Goldschmidt,
1991).

4.2 Segmentation of the Bodily Experience

In Figure 4.1, an overview of the protocol studies which focus on either segmentation
of spatial aspects or segmentation of bodily experience can be seen. Charles observes
the role of bodily experience during the design process intuitively without initial

assumptions by looking at what designers draw, say, do and gesture (Charles, 2000).
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Figure 4.1 : Segmentation of bodily experience in protocol studies

Athavankar et al. (2008) compare the architectural space image constructed in the

mind and the space physically experienced using the ‘thinking aloud method’ to
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produce a verbal transcript. Along with this verbal transcript, body and hand gestures

are used as data source for analysis (Athavankar et al., 2008). Visser and Maher (2011)

summarize the state of art on the role of gestures in the design process of an editorial

presentation.

Table 4.2 : Athavankar’s segmentation of speech, gesture and body movements
(Athavankar et al., 2008).

Time Transcript Gesture & Movements
00:33:16 | A3: I want the entry for this | Hands in front
hangout place
00:33:20 | A3: so I am entering this site Walks with small steps
00:33:30 A3: now this will be entrance | Both hands in front folded
pathway to the.... that complex.. | horizontal to ground
pause ..... Now
00:33:48 A3: on both side of me there will | Hands down, slightly away
be the landscape areas from body showing sideways

As it can be seen in Table 4.2, Athavankar et al. compare the verbal and gestural

content. In the comparison they include the body movements as well. The method for

extracting verbal content is basicly asking the question of "Wh*“re are you now?”. The

participanr were expected to answer this question and their both gestural and bodily

movements were analysed by (Athavankar et al., 2008).

In respect to hand gesture, different classifications are shown in Table 4.3.

Table 4.3: Sample analysis of bodily experience

Miller (1956)

Limitations of short term memory

Seemiiller (2010)

Form, geometry and location as a perceived kinethtetic
properties

Lederman & Klatzky (1993)

Classifications of intentional hand movements during
extracting object properties by haptic exploration

Savini et al. (2010)

Passive haptic sensation and perception objects

Lederman &Klatzky (1993)

Objects and their relation with the environment

Athavankar v et al. 2008)

Comparison of verbal data and gestures

Milner (1962); Blakemore (1977);
Solso et.al. (2011)

Mirror experiment, repetititon, perception of space
which is able to be improved through repetition

Suwa ve Tversky (1997).

Segmentation of design process and spatial data
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4.3 Classification of Gestures

The gesture classification of McNeill is used within the scope of this dissertation.
McNeill (1992) makes a comparision table between the type of the gestures he

introduced and the earlier classifications 1n gesture (Table 4.4).

Table 4.4 : McNeill’s comparison of different gesture categories.

Present Efr Freedman and Ekman and
Categories o Hoffman Friesen
iconics physiographics literal-reproductive kinetographs
kinetographics pictographs
metaphorics ideographics concretization ideographs
minor and major underliners
qualifying spatials
deictics deictics diectics
beats batons punctuating batons
rhythmics
Butterworths speech failures

4.3.1 McNeill’s classification of gestures

McNeill (1992) classifies gestures under four main groups: (i) iconic, (ii)

metaphorical, (iii) deictic and (iv) beats (McNeill, 1992).

4.3.1.1 Iconic gestures

The term “iconic gesture” was first used by McNeill and Levi in 1982 (McNeill and
Levi, 1982). The semantic content of the verbal expression and the iconic gesture is
required to have a formal relationship (McNeill, 1985). These iconic gestures are those
that express concrete beings and/or actions and convey semantic content that has a
formal or pictoral representation (McNeill, 2005). McNeill lists drawing a trajectory
through hand gestures, grabbing an object that has width or pointing out to a direction
as iconic gestures (McNeill, 2005). The iconic gestures include the “kinetographic”
and “pictographic” categories suggested by Ekman and Friesen (1972) (Ekman and
Friesen, 1972; McNeill, 1992). Therefore, they can correspond to the portrayal of a

bodily movement or a drawing in the air for the content referred to.
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4.3.1.2 Metaphoric gestures

Metaphoric gestures differ from iconic gestures in expressing semantic content that
refers to abstract concepts, memories or thoughts. In McNeill’s words, they are the
“images of the abstract”, and they match the concrete gestures that carry pictorial

quality with a content that carries metaphorical content (McNeill, 2005).

4.3.1.3 Deictic gestures

Deictic gestures refer to those that involve pointing to a certain place in an area using
the index finger, but sometimes, the head, nose, eyebrows or feet can accompany the
deictic gesture. (McNeill, 2005). Deictic gestures are among the first gestures to be
learned in children (Bates ve Dick, 2002; McNeill, 2005). However, in adults, they are
used more often to point to abstract concepts rather than entities in a physical
environment (McNeill, 2005). Such abstract deictic gestures are considered to be a

sub-group of metaphorical gestures (McNeill, 2005).

4.3.1.4 Beats gestures

Beats gestures are used while breaking down a verbal narration into pieces (McNeill,
2005). Two types of beats gesture were observed, beats with and without spatial
qualities. Some of the gestures were directing a side such as left or right part of the
participant. Other type of beats were nit invoving a directional or orientational quality

and executed as a repetition of the same movement.
4.3.2 Other classification for gestures

When verbal content and gestures are compared, the meaning may not match. For
situations wherein a gesture corresponds to a word that is expected to come at a prior
time or at a later time in a speech, McNeill (2005) uses the term “offset”. An analysis
conducted specifically for Turkish can be seen in Table 4.5. In this table, the the
gestural movements indicate the next part of the speech. For example, where the
participant says “top bi sekil-de”, her/his hand simulates the movement of hopping

(Table 4.5).
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Table 4.5: Offset in the meaning in the correlation of verbal and gestural content in
Turkish language (McNeill, 2005).

Gesture Speech

l.eller ziplar (hands hop)v\ 1. top bi sekil-de (Ball somehow)

2. eller yuvarlanir (hands& 2. zipla-ya zipla-ya (while hopping)

3. eller saga hareket eder | 3. yuvar-lan-a yuvar-lan-a (while rolling)
(hands move to tight)

4.4 Spatial Coding Scheme

Regarding spatial codifications in the design process, Suwa and Tversky use spaces,
things, shapes, and angles as emergent properties and; size, local and global spatial
relations as subcategories of their segmentation (Suwa and Tversky, 1997). Bilda and
Demirkan analyse design activity in relation to categories such as ‘physical’,
‘perceptual’, ‘functional’, and ‘conceptual’ actions (Bilda and Demirkan, 2003;
Rahimian and Ibrahim, 2011). Sutton and Williams use conventional spatial methods
such as spatial relations in 3D, mental rotation, spatial and perceptual visualization,
and object-decision tests in order to measure designers’ spatial abilities (Sutton and
Willliams, 2007). Nickerson et al. (2008) investigate the relationship between
representations, in particular diagrams and spatial thought (Nickerson et al., 2008).
Kim and Maher use ‘action’ and ‘perception’ as primary categorization and a
combination of ‘3D modeling action’, ‘perceptual activity’ and ‘set-up goal activity’

as sub-categorization in their analysis (Kim and Maher, 2008).
4.4.1 Suwa and Tversky’s Spatial Coding Schemas

Apart from various protocol analysis in the field of design research, Suwa and
Tversky’s codification schema provides a rich vocabulary to explore spatial ideas in
design process (Suwa and Tversky, 1997). As an information category they introduce
four main classes as: emergent properties; spatial relations; functional relations and
past experience (Suwa and Tversky, 1997). They define “spaces”, “things”, “shapes”
and “angles” under the category “emergent properties” (Table 4.6). Other categories

and the subclasses can be seen in Table 4.6.
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Table 4.6 : Suwa and Tversky’s categories and subclasses (Suwa and Tversky, 1997).

Spatial relations

Functional relations

Major category Subclasses Examples of phrases in protocols as evidence
Emergent properties Spaces "Areas", "places"
Things Descriptions or names of something
Shapes/angles "Round", "prolonged”, "wavy line"”, “too sharp
a corner”
Sizes "Big", "tiny", "narrow"

Local relation

Global relation

Practical roles

Abstract features/reactions

Views
Lights

"Adjacent", "far”, "connected", "lined up"
"Symmetrical”, "configuration”, "axis"

" A ticket office should be close to an entrance..”
"Waves/forces (from this shape)”, "good show
to visitors”

"View line", "the appearance (of this building)"
"(This place is always) bright, having sunshine”

Circulation of people/cars
Background knowledge -

"People meander through (this narrow space)”
"Post/beam structures”,
"An important thing in an urban setting is..."

In Figure 4.2, the segmentation method can be seen below. This schematic
representation of the segments not only show the relationship between the different

segments, but also the situation of dependency .

ra

from earlier
segments

Bl focus-shift segments
[J continuing segments
o dependency links

(O dependency chunks
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Figure 4.2 : Suwa and Tversky’s evalution (Suwa and Tversky, 1997).
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5. METHODOLOGY AND CASE STUDIES

This part consists of two separate phases. One of them is a structured digital modeling
exercise and the second one is an empirical observation of the fourth-year architecture
students’ jury presentation. The case study designed focuses on the following

questions:

1. By investigating the bodily experiences obtained through the direct interaction
between the physical model and/or the drawing and the designer through the use of
their hand gestures, as well as the modeling experiences in the digital medium, can we
understand how the digital medium is insufficient in supporting the designers’

conceptual or abstract thoughts?

2. How is the role of hand gestures different than verbal expressions in expressing
spatial thoughts in the processes of examining, remembering and describing a physical

model, as well as in recreating it in the digital medium?

3. Can we find common and recurrent patterns that people use while explaining a
scaled model to another person after having sensorily observed it with hand gestures

and touch?

4. Can we deepen our knowledge and understanding of the role of bodily experience
in the designing process by making a connection between Lakoff and Johnson’s body

schemas and McNeill’s gesture categories?

5.1 Methodology

The purpose of this part is to explore the impact of haptic and kinesthetic experience
perceived via hand gestures on designer's spatial thinking process and thereby enhance
the understanding of the aesthetic qualities of bodily experience during their

architectural modeling activity.
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5.1.1 Data source

The case studies were recorded, and the verbal content transcribed. We extracted two
main data types from the video record: Nonverbal spatial content in the form of

gestures and spatial expression in the transcript.
5.1.2 Segmentation of the gestural content

The analyzed video recordings were segmented into pieces, consisting of gestures. In
this step, McNeill’s (1992) gesture definitions, which consist of four categories: iconic,
metaphorical, deictic and beats, were used. The first case study which as a structured
modeling exercise was repeated two times. The first modeling exercise, Experiment-
1, provided 120 pieces (Appendix A) and the second one (Appendix B), Experiment-
2, provided 103 pieces.

Three presentations per student were analysed within the second case study. The
duration of each presentation is different from each other. The number of segments are

shown below, by order (Appendix C):

e Student 1, Presentation 1: 6 minutes and 55 seconds; 87 pieces.
e Student 1, Presentation 2: 4 minutes and 41 seconds; 70 pieces.
e Student 1, Presentation 3: 4 minutes and 30 seconds; 44 pieces.
e Student 2, Presentation 1: 8 minutes and 58 seconds; 78 pieces.
e Student 2, Presentation 2: 4 minutes and 20 seconds; 30 pieces.

e Student 2, Presentation 3: 54 seconds; 13 pieces.
5.1.3 Analysis of the verbal content

In this step, the rough segmentation of the gestural content was ready. In order to
clarify the types of the gesture, I needed to control the verbal content. For example,
there is a semantic separation between iconic and metaphoric gestures that should be

evaluated depending on the semantic dimensions of the verbal content.

In the comparison of verbal and gestural data, I observed four types of relationship
shown in Figure 5.1. The verbal and gestural content might overlap in terms of
semantic depth. Secondly, there might be shifts in the meaning. For example gesture
can convey the meaning before mthe verbal expression, I called this situation as shifted

forward. The viceversa is defined as shifted backwards. Finally there observed some
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gestures which convey information about geometrical or spatial relations without

verbal content.

type of content type of content
AN AN
overlapping meaning shifted forwards
: veroal CEEPRREE E———1 verbal,
-\ -z ok :
§ A gestura'll, 77777777 gestural i
e 1 eeEE S o o e
' 7 | 7
! : duration of the expression
A A
shifted backwards nonverbal
------- 7777777 gestural ¢ |- r - gestural';
-------- N o e - il N
7 7

duration of the expression
Figure 5.1 : Comparison of verbal and gestural content.
5.1.4 Medium

This category was established after the case studies depending on our initial inference.
In the first case study, the participants were observed to be focusing on the computer
screen or conveying the model’s geometrical information by sketching or engaging in
a face-to-face dialogue, in no particular order. Based on these different types of
engagement, three categories were determined where gestures were executed:
computer screen, paper and none. If the computer screen became the main focus of the
communication between two participants, we tagged the medium of the gesture as
“computer screen”. In the case of touching to the computer screen, and/or the case of
pointing the screen by the hand were evaluated under this category. If one of the
participants make sketching by using a pen or a pencil; or if one of the participants

points out a detail on the sketching paper whether touching or not; we evaluated these

53



situations under the category of “paper”. A third item, “none” refers to the usage of

hand gestures in the air without a supporting media.

In the second case study which was based on empirical observation of students’
presentation, we similarly defined thee categories. These categories are 3D “physical
model”, 2D “drawings” which were vertically located during the presentation and
“none”. These categories can be considered as indicator of the scale and orientation.
They provide information about the orientation of the narrator and how the narrator
located herself/himself in the space. Thus, physical model has its own scale. The iconic
or deictic gestures might be executed in relation with the physical models. In this case,
physical model becomes the focus of the expressions. Whet it comes to 2D papers or
2D digital projections which were vertically located, 2D media becomes the focus. In
addition to these as a third way, the students express their spatial ideas as they are in
the space. In that case, they express their spatial ideas without an additional media and

take their own bodies as reference or focus.

5.2 Case Study 1: Structured Modeling Exercise

The purpose of this part is to explore the impact of haptic and kinesthetic experience
perceived via hand gestures on designer's spatial thinking process and thereby enhance
the understanding of the aesthetic qualities of bodily experience during their

architectural modeling activity.

5.2.1 Aim and Scope

In the first case study, we aim to explore the aesthetic dimensions of bodily experience
in the architectural modeling process and attempt to understand how bodily experience
plays a role in the constitution of spatial ideas. We designed and evaluated a 30-minute
modeling exercise performed by graduate level architecture students. This modeling
exercises contains two parts (see Figure 5.1 and Figure 5.2). The first step consisted
of one of the students observing the physical models, and the second step consisted of
the other student, who has not seen the models, performing a 3D modeling of these
physical models on the computer based on the verbal and gestural directions of the

first student.
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Part 1: Analysing, exploring, taking notes ~ Part 2: Description of the models and re-modeling in
5 minutes digital media
30 minutes

Figure 5.2 : Timeline of the process

| 1
P PP
I [Analysing, exploring, drawing] I [ Description of the models and re-modelling in digital media .. I
t 5 min —2< ; 26min 1

| : . | , . ‘
|M13M2 M3 EM4| M M2 M3 M4
I ¢ 4 ¢ ' ¢

Figure 5.3 : Timeline of the process.

Shown in Figure 5.2, each M represents a different model in terms of physical and/or
digital model, with t representing time and, P representing a participant. The physical
models were adapted from same surface data, but had been produced using different
fabrication methods such as parallel stacking (M1), articulated expandable structure
(M2), waffled-grid structure (M3), and triangulated panelization (M4), as shown in
Figure 5.3. In the first part (Figure 5.2), one master's level architecture students with a
basic knowledge of 3D modeling, was asked to explore the geometry of four physical
models. P1 was allowed to take notes and make drawings during the first part of the
experiment. Physical models were introduced sequentially. In the second part (Figure
5.2), P1 was asked to describe the geometry of four 3D models, sequentially. P2 was
asked to apply the described approaches and operations on a sphere as an initial shape

in digital media.

We observed how participants interact with the design representation during the
making/modeling process and how they reveal spatial aspects through their hand

gestures. In effect, this study may be considered as a kind of reverse way of thinking.

55



For the experiment, different physical models produced with laser cutters were used.
Four physical models were selected among fifteen physical models that, had been
produced as part of a masters-level course titled “Digital Architectural Design and
Modeling” at Istanbul Technical University in the 2012-2013 fall semester. The four
models (Figure 5.3) were re-produced using laser cutters from their digital files, before
their usage in the case study. There were differences in the complexity of the geometry
of the models and also in the way the models could be fabricated. The participants

were expected to re-model the given physical models by using digital media.

Figure 5.4 : Physical models which have been used in the modeling
experiment.

5.2.2 Participants

This case study was repeated two times. In one of the case studies, two master's level
architecture students participated to this study in 2013-2014 fall semester at ETH
Zurich, Faculty of Architecture in Zurich. Later in 2013-2014 spring semester at ITU,

another two master's level architecture students participated to the case study.
5.2.3 Evaluation and findings
5.2.3.1 Distribution of the gestures

The distribution of these gestures in the verbal analysis can be seen in Table.5.1. As it
can be seen from the Table 5.1, the amont of iconic gestures is higher than the other

types. The deictic gestures follow this order, as being the second high category.

Table 5.1 : Distribution of the gestures in two modeling exercise.

Iconic Metaphoric Deictic Beats
Experiment 1 61 10 49 0
Experiment 2 45 3 41 14
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Another visualization of the distribution of the gestures can be seen in Figure 5.5. In
the modelin exercise which based on modeling and ezisting and a defined geometry,
the iconic gestures convey an important amount of the spatial information. However,
in the second case study (Chapter 5.3), the amount of deictic gestures becomes
higher during the expression of unstructured spatial ideas in the jury presentations.
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Figure 5.5 : Distribution of the gestures as a percentage in two
modeling exercises.

5.2.3.2 Shift in the meaning

When verbal and gestural content are compared, shifting the meaning forward or
backward has significance in terms of Lakoff (2008) and Johnson’s (2008) source-
path-goal schema. McNeill calls these shifts as “offset" (McNeill, 2005). While
explaining the physical model using a sketch or using hand gestures while sitting face-
to-face, iconic gestures were used in “forward” and “backward” offsetting. While the
focus was on the computer, the offsets were encountered less often and in the form of

deictic gestures (Figure 5.6).
5.2.3.3 Spatial qualities of the gestures: spatial augmentation

7 of the deictic gestures in Experiment-1, and 6 of the deictic gestures in Experiment-
2 carried iconic and spatial qualities. These “iconic/deictic” gestures did not only point
to the geometric object as a singular object in the environment, but also gave
information on its direction, angle, its sphere-like quality and its representation of an
area as a circle. These “iconic/deictic” gestures that contain spatial qualities are

evaluated under the category of deictic gestures (Figure 5.5, Deictic gestures).
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Figure 5.6: Occurrence of spatial qualities with/in the gestures

The following spatial qualities are seen both in Experiment 1 and Experiment 2:
verticality, horizontality, sequentiality, expansion of the piece of the model, direction,
orientation, angle, spatial relations, circular movement, connections, frames,
simulation of the shape in 2D, simulation of the geometry in 3D. As it is seen in Figure
5.5, all the iconic gestures are assumed to convey spatial qualities. More than half of
the metaphoric gestures convey spatial qualities. For example where the verbal content
is “column like trees”, the participant simulated the growth of the brunches of a tree
by two hands in the air. This metaphoric gesture has motion quality and it also shows
the direction of the growth. In general deictic gestures are expected to point some point
in the space. Therefore at least the indicated point has a direction. However in Figure
9 we disregarded this one dimensional information and counted the deictic gestures as

not conveying spatial quality.
5.2.3.4 Gesture —medium relationship

The expression of the physical model through hand gestures in the space above the
table plane (“none”) and on the sketches made on paper (“paper”) involved more
iconic gestures compared to those used for the computer screen (Figure 5.6). When the

computer screen was the main focus of the participants, deictic gestures were used
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significantly more often (Figure5.6). The execution of the deictic gestures involved
the index finger touching the computer screen to point to the digital model as a whole
or in part. In the 33 deictic gestures where the model was pointed to on the computer
screen, 4 of them carried an iconic quality as well. For example, the sentence “Let’s
carry this from here to here” was accompanied by pointing to a starting point, the
direction towards which the action was to take place, as well as the destination point

on the computer screen.
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Figure 5.7 : Comparison of two modeling execises in terms of the
type of medium

5.2.3.5 Gesture —image schema relationship

Considering the relationship between iconic gestures and the image schemas (Figure
5.5 and Figure 5.6), iconic hand gestures can be said to offer stronger support of the

source-path-goal schema during communication in a physical environment.

Both in the two exercise it seen that, participants might utilize different gestures for
the same verbal data. For example, once they expressed the geometry of the model in
detail by using iconic gestures, for the second or third time they tend to use deictic

gestures and only point the location in the space. This location can be both a detail on
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the drawing/sketch or an arbitrary space in the air. This situation is shown in Figure

5.8.

Geometry -
Detailed

description
with iconic
gestures

Figure 5.8 : Iterations and transitions.

It is observed that the same student use different types of gestures for the same verbal
content. For example for the same object or concept, one can use detailed explanation
by hand gestures. On the other hand sometimes they used deictic/pointing gestures for
the same content. This deictic gestures can indicate some place in the air, in the space,
or it can show a point on the physical model or on the 2D drawing. In other words,
once a student explained a concept or detail on the physical model, he/she recalls the
same information only by pointing in the space. To sum up there are three types of

matching/mapping seen in the analysis of the student presentation:

e Matching a concept and a location in the space.
e Matching a concrete spatial element and physical model.

e A detail of a geometry and its location in the space (on the table/on the floor,
right-left side of the body, etc.).

5.3 Case Study 2: Empirical Observation of Student Presentations

In this part, we examined the fourth-year senior architecture students’ presentations of
their graduation design project juries. The graduation project, called also diploma or
final project, should be considered as a final step for students to become professional
architects. The aim of this phase is to explore if there are repetitive gestural patterns
or common behavior patterns among different students during the externalization of
design ideas. We analyze the way in which gestural interaction and the vocabulary of
verbal description is affected when the designers reveal more complex and abstract

spatial relations or metaphoric concepts.
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5.3.1 Aim and Scope

The graduation project, differentiating from conventional architectural design studios,
has some specific regulations in terms of prerequisites and process at the selected
architecture school. Firstly, students are expected to be successful in the previous
seven architectural design studios and complete all the other required credits of
architecture courses before they can attend to the graduation design project. Secondly,
the graduation design projects are directed by five to seven jury members. The students
are not allowed to take feedback from the jury members or another professionals
except their presentations during the juries. In addition to two to four juries in the
semester, there are one final presentation and one-day mid-term exam, which is based

on solving a planning or design problem via sketching.

The purpose of the graduation project is to evaluate whether or not the students fulfil
the satisfactory professional level in terms of the usage of skill, knowledge and ability
which are supposed to be gained through their architecture education, in relation with
the technical, aesthetic and social domains of architectural knowledge. The students
are expected to reflect on the jury critics in their design development process at
intellectual and interpretational levels. Although the overall topic of the graduation
project is specified by the jury members, as a common denominator, students’ design
proposals should be approaching for an architectural product and also concern the

urban context. Moreover, the students are encouraged to work independently.

As the jury meetings provide the only possibility to take critics for the students, it
becomes important to use the limited time efficiently. Students usually are asked to
present their design proposals in five minutes via using perspective, section, plan
drawings and diagrams; animations, models and other required design representations.
Some juries define the scale of the expected representation as 1:1000 for the first
meeting and 1:500 and 1:200 in the consequent meetings; while some other juries

might be more flexible with the scale of the design representations.

5.3.2 Participants

The video record of two students were analysed in detail. Each student made three
presentations in intervals of a month. Both of the students were forth year architecture

student.
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5.3.3 Evaluation and findings

One of the initial findings is that during expression of the design ideas, proportion of
the deictic gestures are larger than the previous case study. In some cases the number
of metaphoric gesture is bigger than the numbe of iconic gestures. In the structured
modeling exercises, the number iconic gestures were the most used gestures in each

session.

Secondly, there are clear jumps among three different medium and scales. In other
words, there are jJumps among one-to-one scale expression (as in the space), expression
through scaled models (expression with hand gestures) and abstract space (metaphoric

expressions, shift in time and space).
5.3.3.1 Distribution of the gestures

The distribution of the gestures in the verbal analysis can be seen in Table.5.2. As it
can be seen from the Table 5.2, the amont of deictic gestures is notably higher than the

other types.

Table 5.2 : Distribution of the gestures in students’ presentations.

Iconic Metaphoric Deictic Beats
Student 1, Jury 1 | 31 17 36 3
Student 1, Jury 2 | 23 2 43 2
Student 1, Jury 3 | 10 7 27 0
Student 2, Jury 1 | 19 18 36 5
Student 2, Jury 2 | 4 10 16 0
Student 2, Jury 3 | 2 2 9 0

Another visualistion in respect to the distribution of the type of the gestures can be
seen in Figure 5.9. In this figure the characater S1 represents “Student 1” and S2
represents “Student 2”. Similarly J1 represents the first jury presentation, J2 the
seconde and J3 represents the thisr jury presentation. It can be seen that, in some
situations the metaphoric gestures (For example student 2, the second jury
presentation). It is observed that different types of the gestures can refer to the same
verbal content. Or secondly, the iconic and the deictic gestures can refer not to the

same but to the similar verbal content which is explained in the next sub-chapter.
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Figure 5.9 : Percentage of the distribution of the gestures in
students’ presentations.

5.3.3.2 Spatial qualities of the gestures: spatial augmentation

The basic spatial augmentations that we observed are “spatial relations”,

b AN1Y

“orientation”, “location”, “direction”, “circular or spherical shape”of the actions,
entities, places or concepts. In Figure 5.10 a sample iconic gesture can be seen. This
iconic gesture and the varioations of it was usedf for explaining different concept in
the three jury presentation of the student. The student repeated the same gesture in

99 ¢

the following verbal content: “Cendere Valley”, “different types of buildings”, “I am

2% ¢

connection with the railway”, “connecting two axes”. Moreover he also used the

same cimulation for describing “a lot of events occur” in a metaphoric way.

Figure 5.10 : An iconic gesture in relatiin with the expression
“Cendere Valley”.

Therefore, we can say that containement schema was utilized while describing the

related concepts and situations with the Cendere Valley.
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6. CONCLUSION AND DISCUSSION

In a broader sense this study sought to answer the question, “What is?”” This might be
the reason why there is a huge gap between the promised potentials of the digital media
and its current inadequate reflections on architectural design curricula. Despite the
rapid progress in CAD and CAM technologies, conventional methodologies such as
sketching and model making are still crucial in architecture education. Given that most
of the students tend to use physical media in the earlier phases of the architectural
design process, this research should be considered as a preliminary step in
understanding why digital media does not necessarily support an architect’s way of
generating conceptual ideas during this phase. | argue that the aesthetic dimensions of
bodily experience is one of the key concepts in the effort to get a deeper understanding
of today’s crisis and gain insight about future directions of digital design

environments.

Furthermore, the presence of the physical media for the purpose of drawing and model
making as well as for the interactions it facilitates between the hands, which are
experienced through hand gestures, plays a crucial role in revealing and generating
spatial ideas. The shifting and mismatching between the gestural and the verbal content
provided the participants with a degree of flexibility, might be important for the
conceptual process of architectural design. Unfortunately, the interface of the digital
media as it is used today is inadequate for providing this flexibility; thus, the body
schemas are not sufficiently supported. In the current digital epoch, tomorrow’s design
environments will be expected to be designer friendly insofar as they promote the body
schemas such as source-path-goal and movement and help to facilitate the designer’s

spatial thinking process.

In this study, where a modelling application was used, the role of bodily experience,
which was complemented by hand gestures and conveyed information that was not
verbally expressed, was investigated in the process of expression and creation of

spatial thoughts. In the modelling process in a digital environment, the repetitions,
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patterns and relations in the hand gestures of a participant asked to describe a physical
model, were observed. The distribution of the hand gestures according to McNeill’s
(1992) categories, the relationship between hand gestures and verbal content, the
relationship between hand gestures and the medium where the model was explained,
and finally, the relationship between Lakoff (1987) and Johnson’s (1987) image
schemas and the hand gestures, were investigated.

6.1 Body in Design Thinking

Iconic gestures complement the verbal dialogue when the relationship between the
components of a physical model and the spatial information is being conveyed. It is
sometimes possible to use the same verb for two consecutive sentences and to connect
the two sentences to each other through gestures. In addition, we have encountered
situations where the kinetic qualities of the physical model were expressed only in
gestures, without any verbal expression. The hand gestures do not only convey
geometrical qualities of the model, but also the becoming process of an action. In some
situations, the gestures, particulary the iconic gestures, were observed to support the

source-path-goal schema and the movement schema simultaneously.

When verbal and gestural content is compared, shifting the meaning forward or
backward has significance in terms of Lakoff (2008) and Johnson’s (2008) source-
path-goal schema. While explaining the physical model using a sketch or using hand
gestures while sitting face-to-face, iconic gestures were used in “forward” and
“backward” offsetting. While the focus was on the computer, the offsets were
encountered less often and in the form of deictic gestures (Chart 6). Considering the
relationship between iconic gestures and the image schemas (Table 6 and 7), iconic
hand gestures can be said to offer stronger support of the source-path-goal schema

during communication in a physical environment.

6.2 A Framework Proposal for Evaluating Design Environments

In the current digital epoch, the design environments of the future will expected to be
designer friendly through promoting main body schemas such as source-path-goal and

movement and encourage designer’s spatial thinking process.

e Promoting iconic gestures
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e Supporting Lakoff and Johnson’s goal-path-action schema

e Providing flexibility in offset in terms of correlation of the gestural and the verbal
contents

e Promoting containment schema-spatiality of the environment

67



68



REFERENCES

Alacam, S. (2008). An Interface Proposal for Architectural Design Collaboration
Process, MSc, Supervisor: Prof Dr. Giilen Cagdas, Istanbul Technical
University, Graduate School of Science Engineering and Technology,
Department of Informatics, 07/2008.

Alacam, S. and Cagdas, G. (2008). An Interface Proposal for Collaborative
Architectural Design Process. In M. Muylle (Ed.), architecture 'in
computro': 26th eCAADe International Conference Proceedings (pp.
319-324), Belgium: University of Antwerpen, September.

Athavankar, U., Bokil, P., Guruprasad, K., Patsute, R. & Sharma, S. (2008).
Reaching Out in the Mind's Space, In J. S. Gero and A. K. Goel (Eds.),
Design Computing and Cognition '08 (pp. 321-340), Netherlands:
Springer.

Atkinson, D. (2010). Extended, embodied cognition and second language acquisition.
Applied Linguistics, 31 (5), 599-622.

Audi, R. (1999). The Cambridge Dictionary of Philosophy (2nd Edition). Cambridge:
Cambridge University Press.

Belardi, P. (2014). Why Architects Still Draw. London: MIT Press.

Bilda, Z. & Demirkan, H. (2003). An insight on designers’ sketching activities in
traditional versus digital media. Design Studies, 24 (1), 27-50.

Bliss, J.C. (1961). Communication via the kinesthetic and tactile senses, (Ph.D.
Dissertation). Department of Electrical Engineering, Massachusetts
Institute of Technology.

Bloomer, K. C. & Moore C. M. (1977). Body, Memory and Architecture. New Haven
and London: Yale University Press.

Boroditsky, C. (2000). Metaphoric structuring understanding time through spatial
metaphors. Cognition, 75: 1-28

Boroditsky, L., Ramscar, M. & Frank, M. C. (2001). The Roles of Body and Mind
in Abstract Thought, Proceedings of the 23rd Annual Meeting of the
Cognitive Science Society. Edinburgh, Scotland: University of
Edinburgh, August 1-4.

Carpo, M. (2011). The Alphabet and the Algorithm. London: MIT Press.

Casasanto, D. J. (2005). Perceptual Foundations of Abstract Thought. Cambridge:
MIT Press.

69



Charles, P. P. (2000). Perspectives of the Role of the Body in the Design Process:
Observations from an Experiment. London: MIT Press, Department of
Architecture.

Clifton, P. (2014). Designing embodied interfaces to support spatial ability.
Proceedings of the 8th International Conference on Tangible,
Embedded and Embodied Interaction (pp. 309-312). Munich,
Germany: University of Munich, February 16-19.

Coyne, R. (1995). Designing Information Technology in the Postmodern Age: From
Method to Metaphor. Cambridge, Massachussetts: MIT Press.

Celik, Z. (2006). Kinaesthesia. In Caroline A. Jones (Ed.) Sensorium: Embodied
Experience, Technology and Contemporary Art. Cambridge,
Massachussetts: MIT Press.

De Preester, H. (2011). Technology and the body: The (im)possibilities of re-
embodiment, Foundations of Science, 16 (2-3), 119-137.

Dino, A. (2003). El, Istanbul: Norgunk Yaymcilik.

Direk, Z., Gokyaran, E., Cevahir Sahin, G., Aygiin, O., Savasemn, Z. & Zengin, N.
(2003). Diinyanin Teni: Merleau-Ponty Felsefesi Uzerine Incelemeler.
Istanbul, Metis.

Dourish, P. (2004). Where the Action is: The Foundations of Embodied Interaction.
Cambridge, Massachussetts: MIT Press.

Dreyfus, H. L. (1992). What Computers Still can't do: A Critique of Artificial Reason.
Cambridge, Massachussetts: MIT Press.

Ekman, P. & Friesen, W. V. (1969). The repertoire of nonverbal behaviour:
Categories, origins, usage, and coding, Semiotica, I (1), 49-98.

Elia, 1., Gagatsis, A., & van den Heuvel-Panhuizen, M. (2014). The role of gestures
in making connections between space and shape aspects and their
verbal representations in the early years: findings from a case study.
Mathematics Education Research Journal, 26 (3), 1-27

Emmorey, K., Casey, S. (2002). Gesture, thought, and spatial language. In K. R.
Coventry and P. Olivier (Eds.), Spatial Language, 87-101. Netherlands:
Springer.

Ericsson, K. A. & Simon, H. A. (1993). Protocol analysis: Verbal reports as data
Revised Edition, Cambridge: MIT Press.

Fishkin, K. P., Moran, T. P. &Harrison, B. L. (1999). Embodied user interfaces:
Towards invisible user interfaces, In S. Chatty, P. Dewan (Eds.)
Engineering for Human-Computer Interaction, 1-18. Netherlands:
Springer.

Fogtmann M. (2012). Designing with the body in mind: Kinesthetic empathy
interaction, (PhD Dissertation). Aarhus School of Architecture,
Department for Design, Aarhus.

Frank, K., (2008). Body as a movement system, A premise for structural integration.
Structural Integration, 36 (2), 14-23.

Gallagher, S. (2005). How the Body Shapes the Mind. Oxford: Clarendon Press.

70



Gallagher, S., & Schmicking, D. (Eds.). (2010). Handbook of Phenomenology and
Cognitive Science. Netherlands: Springer.

Gentner, D. (2001). Spatial Metaphors in Temporal Reasoning, In M., Gattis (Eds.)
Spatial Schemas in Abstract Thought, 203-222, Cambridge, MA: MIT
Press.

Gibson, J. J. (1966). The Senses Considered as Perceptual Systems, Oxford:
Houghton Miffin.

Goldin-Meadow, S., (2005). Hearing gesture: How our hands help us think, USA:
Harvard University Press.

Goldschmidt, G. (1991). The dialectics of sketching. Creativity research journal, 4
(2):123-143.

Greeno, J. G. (1994). Gibson's affordances Psychological Review, 101(2), 336-342.

Gullberg, M. (1999). Gestures in spatial descriptions. Lund Working Papers in
Linguistics, 47, 87-97.

Hatwell, Y., Streri, A. & Gentaz, E., (2003), Touching for Knowing, Cognitive
Psychology of Haptic Manual Perception, Amsterdam: John
Benjamins.

Heidegger, M. (1977). The Question Concerning Technology and Other Essays. New
York: Garland Publishing Inc.

Hurtienne, J., Stoflel, C., Sturm, C., Maus, A., Rotting, M., Langdon, P. &
Clarkson, J. (2010). Physical gestures for abstract concepts: Inclusive
design with primary metaphors. Interacting with Computers, 22(6),
475-484.

Hurtienne, J. (2011). Image schemas and design for intuitive use: Exploring new
guidance for user interface design, (PhD Dissertation). Faculty V of
Mechanical Engineering and Transport Systems, Technische
Universitét Berlin.

Igoe, T. & O'Sullivan, D. (2004). Physical Computing: Sensing and Controlling the
Physcal World with Computers, Boston: Thomson Course Technology.

Jay, M. (1988). Scopic regimes of modernity. In Hal Foster (Ed.) Vision and
Visuality, Seattle: Bay Press.

Johnson, M. (1987). The Body in the Mind: The Bodily Basis of Meaning,
Imagination, and Reason. Chicago: University of Chicago Press.

Johnson, M. (2008). The Meaning of the Body: Aesthetics of Human Understanding.
Chicago: University of Chicago Press.

Kang, S., Tversky, B. & Black, J. B. (2012). From hands to minds: How gestures
promote action understanding. In Naomi Miyake et al. (Eds.)
Proceedings of the 34th Annual Conference of the Cognitive Science
Society, (pp. 551-557) Sapporo Convention Center: Japan.

Karatani, K. (1995). Architecture as Metaphor: Language, Number, Money.
Cambridge, Massachusetts: MIT Press.

71



Kearney, R. (Ed.). (1994). Modern Movements in European Philosophy:
Phenomenology, Critical Theory, Structuralism. Manchester:
Manchester University Press.

Kim, M. J. & Maher, M. L. (2008). The Impact of Tangible User Interfaces on
Designers’ Spatial Cognition. Human-Computer Interaction, 23(2),
101-137. doi: 10.1080/07370020802016415

Klemmer, S., R., Hartmann, B. & Takayama, L. (2006). How bodies matter: five
themes for interaction design, DIS '06 Proceedings of the 6th
conference on Designing Interactive systems, (pp. 140 — 149). New
York: ACM.

Laban, R. (1966). Choreutics. London: MacDonald & Evans.

Lakoff, G. (1987). Women, Fire, and Dangerous Things: What Categories Reveal
about the Mind. Chicago: University of Chicago Press

Lakoff, G. & Johnson, M. (1999). Philosophy in the Flesh: The Embodied Mind and
Its Challenge to Western Thought. New York: Basic Books.

Lakoff, G. & Johnson, M. (2008). Metaphors We Live by. Chicago: University of
Chicago Press. (First published in 1980).

Lakoff, G. & Nuiiez, R. (2000). Where Mathematics Come From: How The Embodied
Mind Brings Mathematics into Being. New York: Basic Books.

Larkin, J. & Simon, H. A. (1987). Why a diagram is (sometimes) worth ten thousand
words, Cognitive Science, 11: 65-99.

Larssen, A.T., Robertson, T. & Edwards, J. (2007). Experiential Bodily knowing
as a design (sens)-ability in interaction design. In L. Feijs, S. Kyffin
and B. Young (Eds.), Proc. DeSForM ‘07 Design and Semantics of
Form and Movement, (pp. 117-126). Newcastle-upon-Tyne, UK.

Leiner, H. C., Leiner, A. L. & Dow, R. S. (1986). Does the cerebellum contribute to
mental skills? Behavioral Neuroscience, 100 (4), 443-454.

Lloyd, P., Lawson, B. & Scott, P. (1996). Can Concurrent Verbalisation Reveal
DesignCognition?, Design Studies 16 (2): 237-259.

Long, D.W. (2011) Body Knowledge, A Path to Wholeness: The Philosophy of
Michael Polanyi, USA: Xlibris Corporation.

Mandler, J. M. (2004). The foundations of mind: Origins of conceptual thought. New
York: Oxford University Press.

Mandler, J. M., (2012) On the spatial foundations of the conceptual system and its
enrichment. Cognitive science, 36(3), (2012), 421-451.

Marcuse, H. (2002) One-Dimensional Man: Studies in the Ideology of Advanced
Industrial Society. UK: Psychology Press, (First published 1964).

McNeill, D. (1985). So you think gestures are nonverbal? Psychological Review,
92(3), 350.

McNeill, D. (1992). Hand and Mind: What Gestures Reveal About Thought. Chicago:
University of Chicago Press.

McNeill, D., (2005), Gesture and Thought, Chicago: University of Chicago Press.

72


http://www.acm.org/publications
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2?ie=UTF8&field-author=Rafael+Nu%C3%B1ez&search-alias=books&text=Rafael+Nu%C3%B1ez&sort=relevancerank

McNeill, D. & Levy, E. (1982). Conceptual representations in language activity and
gesture. In R. Jarvella & W. Klein (Eds.), Speech, Place and Action:
Studies in Deixis and Related Topics (pp. 271-295). Chichester,
England: Wiley.

Merleau-Ponty, M. (2012) Phenomenology of Perception, Trans. Donald A. Landes,
New York: Routledge (First publication in 1945).

Millar, S. (2006). Processing spatial information from touch and movement:
Implications from and for neuroscience. In Morton A. Heller and S.
Bellesteros, Touch and Blindness: Psychology and Neuroscience, (pp.
25-48). London: Lawrence Erlbaum Associates.

Moholy-Nagy, L. (2012). The new vision: fundamentals of Bauhaus design, painting,
sculpture, and architecture. Courier Dover Publications (Originally
published in 1938).

Moholy-Nagy, L. (2012). The New Vision: Fundamentals of Bauhaus Design,
Painting, Sculpture, and Architecture. New York: Courier Dover
Publications (Originally published in 1938).

Montagu, A. (1986). Touching: The Human Significance of the Skin, HarperCollins.
Morris, D. (2004). The Sense of Space. Albany, New York: SUNY Press.

Morris, K. J. (eds.) (2010). Sartre on the Body, Basingstoke, UK: Palgrave,
Macmillan.

Nickerson, J. V., Corter, J. E., Tversky, B., Zahner, D. & Rho, Y. J. (2008). The
spatial nature of thought: understanding systems design through
diagrams. In Proceedings of the International Conference on
Information Systems, ICIS 2008. Paris, France.

Ong, W. J. (1991). Orality and Literacy: The Technologizing of the Word. London
and New York: Routledge.

Paivio, A. (1971), Imagery and Verbal Processes. Lawrance Erlbaum Associates:
New York.

Paivio, A., (1990), Mental Representations: A Dual Coding Approach. USA: Oxford
University Press.

Palfrey, J. G. & Gasser, U. (2013). Born Digital: Understanding the First Generation
of Digital Natives. New York: Basic Books.

Pallasmaa, J. (2005). The Eyes of the Skin: Architecture and the Senses. England:
WileyAcademy (first publication in 1996).

Pallasmaa, J. (2009). The Thinking Hand: Existential and Embodied Wisdom in
Arthitecture. Chichester, UK: Wiley.

Penny, S. (2010). Introduction to the special issue DAC09 After media: embodiment
tand context, Digital Creativity, 21(1): 1-3.

Petit, J. L. (2010). A Husserlian, Neurophenomenologic Approach to Embodiment.
In  Schmicking, D. and Gallagher, S. (Eds.), Handbook of
Phenomenology and Cognitive Science (pp. 201-216). Netherlands:
Springer.

Picon, A. (2010). Digital Culture in Architecture. Basel: Birkhauser Architecture.

73


https://www.researchgate.net/researcher/71057496_Yun_Jin_Rho/
https://www.researchgate.net/researcher/71057496_Yun_Jin_Rho/

Polanyi, M. (1958). Personal Knowledge. Chicago: The University of Chicago Press.

Pollio, V. (1914). Vitruvius: The Ten Books on Architecture. New York: Courier
Dover Publications.

Rahimian, F. P. & Ibrahim, R. (2001). Impacts of VR 3D sketching on novice
designers’ spatial cognition in collaborative conceptual architectural
design. Design Studies, 32(3), 255-291.

Rawes, P. (2008). Space, Geometry and Aesthetics: Through Kant and Deleuze, New
York: Palgrave Macmillan.

Regier, T. & Carlson, L. A. (2001). Grounding spatial language in perception: an
empirical and computational investigation. Journal of Experimental
Psychology: General, 130 (2), 273.

Rizzolatti, G. & Craighero, L. (2004). The mirror-neuron system. Annual Review of
Neuroscience, 27, 169-192.

Sartre, J. P. (1984) Being and Nothingness: An Essay on Phenomenological
Ontology, Trans. Hazel E. Barnes. New York: Washington Square
Press, (1943 First Ed.).

Schick, L. & Malmborg, L. (2010). Bodies, Embodiment and Ubiquitous Computing.
Digital Creativity, 21 (1): 63-69.

Schmitt, G. (1997). Design Medium—Design Object. In R. Junge (Ed.), CAAD
futures 1997, (pp. 3-13). Netherlands: Springer.

Schon, D. A. (1983). The Reflective Practitioner: How Professionals Think in Action,
USA: Basic Books Inc.

Seitz, J. A., (2000). The bodily basis of thought. New Ideas in Psychology, 18 (1), 23-
40.

Sennett, R. (2009). Zanaatkdar, (Melih Pekdemir, Trans.). Istanbul: Ayrint1 Yaynlari.

Serres, M. (2008). The Five Senses: A Philosophy of Mingled Bodies (M. Sankey and
P. Cowley, Trans.). London: Continuum.

Sheets-Johnstone, M. (1999). The Primacy of Movement. Amsterdam: Benjamins.

Sheets-Johnstone, M., (2010). Body and movement: Basic dynamic principles.
In Schmicking, D. and Gallagher, S. (Eds.) Handbook of
Phenomenology and Cognitive Science (pp. 217-234). Netherlands:
Springer.

Shih, N. J. & Shih, W. D. (1996). Gesture modeling for architectural design.
Computers & graphics, 20 (6), 849-862.

Smith, P. H. (2004). The Body of the Artisan: Art and Experience in the Scientific
Revolution. Chicago: University of Chicago Press.

Soesman, A. (1998). Our Twelve Senses: Wellsprings of the Soul. England: Hawthorn
Press.

Streeck, J. (2013). Interaction and the living body. Journal of Pragmatics, 46 (1), 69-
90.

74



Sutton, K. J. & Williams, A. P. (2007). Spatial cognition and its implications for
design. Proceedings of International Association of Societies of Design
Research (IASDR ’07), Hong Kong, September 12-15.

Suwa, M., Tversky, B. (1997). What do architects and students perceive in their
design sketches? A protocol analysis, Design Studies, 18 (4), 385-403.

Thomas, N. J. & Banks, W. P. (2009). Visual imagery and consciousness. In W. P.
Banks (Ed.) Encyclopedia of Consciousness (pp. 445-457). Oxford:
Elsevier.

Thompson, E. (2007). Look again: Phenomenology and mental imagery.
Phenomenology and the Cognitive Sciences, 6, 137-170.

Trafton, J. G., Trickett, S. B., Stitzlein, C. A., Saner, L., Schunn, C. D. &
Kirschenbaum, S. S. (2006). The relationship between spatial
transformations and iconic gestures. Spatial Cognition and
Computation, 6 (1), 1-29.

Tversky, B. (1999). Spatial schemes in depictions. In M. Gattis (Ed.) Spatial Schemas
and Abstract Thought, (9-112). Cambridge, MA: MIT Press.

Tzonis, A. & Lefaivre, L. (1975). The mechanical body versus the divine body: The
rise of modern design theory in Europe. Journal of Architectural
Education, 29 (1), 4-7.

Url-1  <http://plato.stanford.edu/entries/episteme-techne/>,  date  retrieved

01.05.2014.

Url-2  <http://plato.stanford.edu/entries/descartes-physics/#3/>, date retrieved
05.06.2014.

Url-3 < http://accweb.itr.maryville.edu/myu/Bio321/321on17.html>, date retrieved
05.06.2014.

Url-4 < http://dictionary.cambridge.org/dictionary/british/kinaesthesia>,  date
retrieved 14.07.2014.

Url-5 < http://www.thefreedictionary.com/proprioception>,  date  retrieved
14.07.2014.

Van Rompay, T., Hekkert, P. & Muller, W. (2005). The bodily basis of product
experience. Design studies, 26 (4), 359-377.

Visser, W. (2009). The function of gesture in an architectural design meeting (ch. 15).
In J. McDonnell & P. Lloyd (Eds.), R. Luck, F. Reid, & N. Cross (Ass.
Eds.), About Designing. Analysing Design Meetings (pp. 269-284).
London: Taylor & Francis.

Visser, W. & Maher, M. L. (2011). The role of gesture in designing. Artificial
Intelligence for Engineering Design, Analysis and Manufacturing 25
(3), 213-220.

Vroman, L., Naveda, L., Leman, M. & Thierry, L. (2011). Generating tacit
knowledge through motion: A vision on the matter of space. Art, Design
& Communication in Higher Education, 10 (2), 255-270.

Wilson, F. R. (1998). The Hand: How its Use Shapes the Brain, Language, and
Human Culture. New York: Pantheon Books.

75



Young, I. M. (2005). On Female Body Experience:"Throwing Like a Girl" and Other
Essays. New York: Oxford University Press.

76



APPENDICES

APPENDIX A: Analysis of the transcript of the modeling exercise 1.
APPENDIX B: Analysis of the transcript of the modeling exercise 2.
APPENDIX C: The transcript of the student presentations during jury meeting.

77



78



APPENDIX A: Analysis of the transcript of the modeling exercise 1

Table A.1: Analysis of the transcript of the modeling exercise 1 (continued).

Segment | Model Time Expression -(I;)égfu?; Augmentation Offset Medium
" " - T - - R simulation in 3D in the air, verticality,
1 1 0.00 So the first one was splitted into sections vertically iconic sequentiality Backwards None
2 1 "0.06" So you had only vertical cardboard pieces iconic simulation in 3D in t_he_alr, verticality, Forward None
sequentiality
3 1 "0.10" - - - simulation in 3D in the air, verticality,
that were just placed on the stick iconic sequentiality Forward None
4 1 "0.14" So it came together as a the head or sphere metaphoric simulation in 3D in the air, expanding None
5 1 "0.20" So it was like show just like cardboard piece iconic simulating 2D, sequentality Drawing
6 1 "0.24" and the next one little bit bigger iconic simulating 2D, bigger Drawing
7 1 "0.26" to get the curve deictic pointing through drawing Drawing
8 1 "0.29" So to make the sphere it would be_only round pieces iconic Forward Drawing
9 1 "0.33" And than a whole_you can add them up all the stick metaphoric simulation in 3D in the air Backwards None
10 1 "0.47" Maybe take the sphere and then cut it into sections. It Into sections. iconic simulation in 3D in the air, sequentiality None
1 do not know how to to it
11 1 "0.59" Yeah, me neither. Or i could draw one curve the N . . .
shape of this piece iconic simulating 2D Drawing
12 1 "01.02" and then extend it iconic simulation in 3D in the air, direction None
13 1 "01.09" But then it would turn out to a silinder deictic pointing Drawing
" " Yeah exactly then | would need to draw smaller . - . S None
14 1 01.17 ones in different shapes. But it would be easier to metaphoric simulation in 3D in the air, direction,
stowing vertically
have a sphere and then...
15 1 "01.26" Maybe take the sphere and see if we can cut it deictic Computer Screen
16 1 "03.22" We can cut it by the [GESTURE] iconic simulation in 3D in the air, horizontality None
Or otherwise we could do as if we_took the circle Deictic Computer Screen
17 1 "04.02"
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Table A.1 : Analysis of the transcript of the modeling exercise 1 (continued).

Segment | Model Time Expression -(I;Zzgfu?ef Augmentation Offset Medium
18 1 |"04.03"
and draw lines deictic orientation, sequentality Computer Screen
18 1 "04.06" in the thickness of the cardboard deictic simulation in 3D in the air, orientation Computer Screen
20 1 "04.09" we would have the new diameter of the circles deictic Computer Screen
21 1 "04.25" To draw_lines like that deictic Computer Screen
22 1 "04.27" like vertical ones deictic Computer Screen
23 1 "04.30" Than do it the way you thought doing it iconic simulating in 3D in the air, circular movement Forward Computer Screen
24 1 "04.32" just drawing all the iconic simulating in 3D in the air, circular movement Forward Computer Screen
25 1 "05.49" Extend surface deictic Computer Screen
26 1 "07.46" Draw a circle iconic simulating 2D Drawing
draw lines (Drawing, simulation in 2D, iconic,

27 1 "07.47" augmetation: sequentaility, [action-43]) iconic simulating 2D, sequentiality Drawing

28 1 "07.49" So we have all the diameters in iconic simulating 2D, framing Drawing

29 1 "07.50" in drawing circles in those type iconic simulating 2D Drawing

30 1 "09.06" Then we will need [action - 55] a point deictic Computer Screen
31 1 "09.58" And then double those deictic Computer Screen
32 2 "12.53" Second one. If you have a sphere iconic Forward Drawing

33 2 "12.57" it would be cardboard pieces this way iconic simulating 2D, sequentiality, angle, direction Forward Drawing

” 5 "13.01" so 45 degrees angle deictic Drawing

35 2 "13.03" and this way iconic angle, direction, spatial relations Forward Drawing

36 2 "13.07" and so here there is a 90 degrees angle deictic Drawing

37 2 "13.12" And its pieces deictic simulating 2D Drawing

38 2 "13.13" going this way Iconic angle, direction, spatial relations, sequentiality Drawing

39 2 "13.16" and their cuts deictic simulating 2D Drawing
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Table A.1 : Analysis of the transcript of the modeling exercise 1 (continued).

Segment | Model Time Expression -(?gs)teu(r): Augmentation Offset Medium

40 2 "13.18" lets say in the front deictic simulating 2D, spatial relations Drawing

41 2 "13.19" and the other pieces deictic simulating 2D Forward Drawing
simulation in 3D in the air, angle, connections,

42 2 "13.28" its like columns in trees like [GESTURE] metaphoric , motion Backward None

43 2 "13.33" So these deictic simulation in 3D in the air, angle, direction Forward None

44 2 "13.34" are allin that way iconic simulation in 3D in the air, angle, direction None

simulation in 3D in the air, sequentiality,
45 2 "13.37" and their cuts iconic spatial relations, angle, direction, motion None
46 2 "13.39" like here deictic simulation in 3D in the air, direction None
simulation in 3D in the air, direction,

47 2 "13.40" And the other one come like this but then iconic connection, spatial relations None

48 2 "13.47" It would be like this deictic Computer Screen

49 2 "13.50" but instead of as many as that deictic Computer Screen
simulating 2D, sequentality, direction, spatial

50 2 "13.54" We would only need half of them for this way iconic relations Drawing

51 2 "13.57" and for the other ones deictic Drawing + None

52 2 "13.59" We would need the same deictic simulating 2D Drawing + None

53 2 "14.03" and then always cut like if you have a circle iconic simulating 2D Drawing
simulating 2D, sequentality, direction, motion,

54 2 "14.06" that would be always going cut to the middle iconic spatial relations, Drawing

55 2 "14.15" you need as many cuts as deictic Spatial relations, below-above, inside Drawing + None

56 2 "14.16" they are cardboards going the other way metaphoric simulation in 3D in the air, angle, direction None

57 2 "14.20" Lets copy all those deictic Computer Screen

58 2 "15.05" And than one set of those we cut deictic Computer Screen

simulation in 3D in the air, direction, Computer Screen +
59 2 "15.17" So nine_this way iconic sequentiality None
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Table A.1 : Analysis of the transcript of the modeling exercise 1 (continued).

Segmen Model Time Expression Type of Augmentation Offset Medium

t Gesture

60 2 "15.19" nine the other way iconic simulation in 3D in the air, direction, sequentiality None

61 2 "15.21" there would be nine cuts (Pointing, screen). deictic Computer Screen

Computer Screen
62 2 "15.28" and then even those out right, probably. iconic simulating 2D, sequentiality, direction, out + None
Well if it should be holding up really good they
63 2 "15.54" would need to be the look of the cardboard metaphoric Drawing
Sure. Maybe like even_those out a bit. But then
64 2 "16.17" should be metaphoric Simulating 2D None
Lets do one in the middle (Pointing, screen,
65 2 "17.07" augmented: middle) so because deictic Middle Computer Screen
These cuts need to be in all the circles at the same

66 2 "17.49" spot, right? deictic Computer Screen
Simulation in 3D, direction, spatial relationn,

67 2 "20.10" GESTURE + GESTURE iconic sequentality None

I can think of if those cuts,have to be at the same Forwa

68 2 "20.18" spot iconic Simulating 2D, framing rd Drawing
Simulation in 3D, direction, spatial relationn,

69 2 "20.28" If there iconic connection None

70 2 "20.29" if has a circle right in the middle iconic Simulating 2D, middle, direction Drawing

71 2 "20.34" but the other one right in the middle iconic Simulating 2D, middle, framing Drawing

72 2 "20.36" [GESTURE] iconic Simulation in 3D, direction, connection, angles None

73 3 "20.46" So the third one is similar to this one deictic Computer Screen
Simulating 2D, middle, sequentialty, angles,

74 3 "20.49" but instead of going diagonal iconic direction Drawing

Forwa
75 3 "20.54" it is more of [GESTURE] metaphoric Circular, framed rd Drawing
Simulation in 3D, sequentiality, direction, spatial

76 3 "21.00" one set of cardboard pieces its right vertically iconic relations None + Drawing

77 3 "21.05" and it has also cut like this, iconic Simulating 2D, direction Drawing

78 3 "21.07" and the other one is horizontal iconic Simulating 2D, direction Drawing
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Table A.1 : Analysis of the transcript of the modeling exercise 1 (continued).

Segment | Model Time Expression -(?gs)teu(r): Augmentation Offset Medium
79 3 "21.11" and has its cut here deictic Drawing
Simulation in 3D, direction, spatial relations,
80 3 "21.16" So that piece the other one comes like that iconic connnections, angles None
81 3 "21.19" and it is probably same deictic Computer Screen
82 4 "21.39" Take a sphere iconic Simulating 2D Drawing
83 4 "21.42" you abstracted to a i think it is called_polyeder} iconic Simulating 2D, framing Drawing
84 4 "21.47" So all like playing pieces iconic Simulation in 3D, motion None
85 4 "21.49" on its surface iconic Simulating 2D, angle, shape, spatial relations Drawing
86 4 "21.53" and it was_in triangles iconic Simulating 2D, framing Drawing
87 4 "'22.00" All the triangles were deictic Simulating 2D, framing Drawing
88 4 "22.02" still like_on one piece deictic Simulating 2D, framing Drawing
Simulation in 3D, spatial relations,
89 4 "22.16" It would | do not know GESTURE iconic searching/recalling None
90 4 "22.20" They were frames deictic Simulating 2D, framing Drawing
91 4 "22.22" in the_middle cut out iconic Simulating 2D Drawing
so that actually we would need to able to start
92 4 "22.25" with a pollyader deictic Forward Computer Screen
and tell them how many pieces of individual
93 4 "22.34" surfaces iconic Simulating 2D, framing Forward Drawing
Well we could startwith just the regular rectangle
94 4 "23.58" that iconic Simulating 2D Forward Computer Screen
95 4 "00.04" all the sides are the same length iconic Spatial relations, angle, equality Backward Drawing
Simulating 2D, sides, direction, spatial
96 4 "01.05" Just | think_eight iconic relations Drawing
97 4 "02.34" Because all those are mixed deictic Computer Screen
98 4 "02.42" But then again that the triangles iconic Simulating 2D Drawing
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Type of

Segment | Model Time Expression Gesture Augmentation Offset Medium

Can we just draw[action - 90] something like that?

99 4 "03.18" (Pointing, screen) deictic Computer Screen

100 4 "03.32" To draw it like if we would, if we flatten the iconic Simulation in 3D, direction, horizontality None

101 4 "03.40" That would be actually perfect iconic Simulating 2D, geometry Forward Drawing

102 4 "03.43" but | dont know how many iconic Simulating 2D, geometry Drawing

103 4 "03.55" do we need about 2 or one and which ones? deictic Forward Drawing

104 4 "03.58" like if it starts to spread metaphoric Simulation in 3D, horizontality, motion None
Maybe we can abstract super super crazy and do

105 4 "04.06" just a t..box? iconic Simulating 2D Forward Drawing

106 4 "04.18" Then we can just need to draw triangle iconic Simulating 2D Forward Drawing

107 4 "04.27" Same size, length of the size iconic Simulating 2D, spatial relations, angles Drawing

108 4 "04.29" add another one deictic Drawing

109 4 "04.30" and_the third one deictic Drawing

110 4 "04.33" and other forth one. deictic Drawing

111 4 "04.35" And we can follow these. iconic Simulating 2D Drawing
But that is like instead of a sphere, we would hava

112 4 "04.41" a pyramid which is. iconic Simulating 2D Drawing

113 4 "05.03" Or can we just draw a deictic Computer Screen

114 4 "05.08" can we chose how many sides? Like deictic Computer Screen

115 4 "06.17" The deictic Object Computer Screen
Like what we keep do is_the first circles, of first

116 4 "07.14" model we could deictic Geometry Forward Computer Screen

117 4 "07.20" draw a rectangle hole iconic Simulating 2D Drawing

118 4 "07.22" like here Deictic Computer Screen
because it had like a stick through it. Maybe we

119 4 "07.26" add that. deictic Drawing
Like a really small one like a wooden tiny stick

120 4 "07.38" Comment metaphoric Computer Screen
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APPENDIX B: Analysis of the transcript of the modeling exercise 2

Table B.1 : Analysis of the transcript of the modeling exercise 2 (continued).

Segment | Model Time Expression -(I;)égfu?; Augmentation Offset Medium
1
Daort farkli model vardi. Beats Say1 None
2 Bunlardan bir tanesi Beats None
birbirine tamamen paralel levhalardan olusuyor
3 tamam mi Iconic Paralel, yanyanalik, dogrultu Backwards Drawing
4 Sadece dikey paralel levhalarin Iconic Diiseylik, paralellik, yanyanalik, dogrultu None
5 kesitteki farklhiliklariyla Iconic Dis yiizey kontorii None
6 olusturuyoruz Metaforik Bir araya getirmek None
7 Ikincisinde hem yatay Iconic Diigeylik, yanyanalik, dogrultu None
8 hem dikey Iconic Yataylik, yanyanalik, dogrultu None
9 birbirine paralel formlar kullanacagiz Iconic Paralelik, yanyanalik, dogrultu None
10 I¢ ice geemis sekilde. Uciinciisiinde Beats None
ici bosluklu Giggenler ve_ici bosluklu dortgenler
11 kullanacagiz Beats None
12 diizgiin_olmayan dértgenler ve iiggenler Beats None
Saniyorum kiirede ikisiyle de yapilabilen sadece
13 iicgen de kullanabilirsin sadece dortgen de Beats None
14 Dérdiinciisiinde de Beats None
15 yine paralel levhalar Iconic Paralellik, agisal deger, dogrultu Forwards None
16 yatay ve Iconic Paralellik, yataylik None
17 dikey konumda degil Iconic Paralellik, diigeylik None
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Table B.1 : Analysis of the transcript of the modeling exercise 2 (continued).

Segment | Model Time Expression -Qelzgfu?ef Augmentation Offset Medium
18 diyagonel Iconic Paralellik, acisal deger, dogrultu None
19 Iki yana i1 diyagonel, birbirine dik gegiyor Iconic Paralellik, ag1sal deger, dogrultu None
Evet, aynen dyle. Once istersen ilkini yapalim

20 birbirine paralel olanlari, dikine paralel olanlar Deictic None
21 bir kag farkh boyutta Beats Computer Screen
22 sadece tek levha ya da kalinliklar ya da ben tamam Deictic Tekillik Computer Screen

biraz boyle. Bu merkez istersen bu biiyiikliikte bir

kiire olsun ¢ap1 bu olsun saga ve sola dogru
23 kopyalarak seyapalim kiigiiltelim Deictic Computer Screen
24 hemen yanina yapistirabilirsin Iconic Yanyanalik, Forwards Computer Screen
25 bu arada bosluk birakmadan Iconic Bitigiklik Backwards Computer Screen
26 ilkinde dyleydi yani birbirine yapisik Iconic Dogrultu, yon Forwards Computer Screen
Onu doniiste istersen sonra segeriz sadece

27 kopyalayalim 6nce bir Deictics Computer Screen
28 [..] Deictics Computer Screen

Sag tiklayamiyorum ki. Somut seyi tekrar yapiyor.
29 Siirekli bunlard kontrole basinca sey yapiyor Beats Computer Screen
30 Suraya bas Deictics Computer Screen
31 snap ozelligi varsa istersen direk GESTURE Deictics Forwards Computer Screen

Tamam bunu da seg istersen dairesel seyler [..] onu
32 kiiciilt istersen seyi Deictics Computer Screen

Bence kiigiilterek gidelim. Go6z karar1 degistir gok

problem degil. Azar azar olsun. Ciinkii gok kiigiik
33 farklarla Deictic Computer Screen
34 formu ¢ok iyi vermis_bu birinci seyde. Computer Screen +

Grasshopper bilmiyorsun degil mi Beats Drawing

35 Seyi None mu bunun bir kiire ¢izip Iconic Dis yiizey kontoril None

O kiireyi sira sira ayirmak gibi bir sansimiz None
36 mu Iconic Paralellik, yanyanalik, dogrultu Forwards None
37 direk Iconic Dogrultu, yon None
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Table B.1 : Analysis of the transcript of the modeling exercise 2 (continued).

Segment | Model Time Expression -Qelzgfu?ef Augmentation Offset Medium
38 -
Mesela sunlar dursun kenarda. Sdyle yapalim. Deictics Computer Screen
39 Bir tane biiyiik plak ¢izelim Metaforik None
40 onlar1 bir siirii kopyalayalim yanyana Iconic Dogrultu, yanyana Forwards None
41 sonra ortasina_bir tane kiire ¢izelim Iconic Ortasi None
42 intersection'r alalim Iconic Dogrultu None
43 ve hazir olsun Beats None
44 Simdi [..] suraya seyi ¢izelim Deictics Computer Screen
ince ince kenarlar1 olabilir mi. Suraya seyi
45 gonderelim Deictics Computer Screen
46 Tam olarak Metaforik Dogrultu, yén Computer Screen
direk boyutlarin yazamiyor musun oraya .bu sefer
47 iyice. Nasil olsa kesisimini alacagiz ya. Deictics Forwards Computer Screen
48 Bunu ekleyip direk silebilirsin Deictics Computer Screen
GESTURE sunu ¢ok ince yap abi fazla kalin
49 olmasin [..] Deictics Forwards Computer Screen
50 GESTURE [..] istersen kopyalayalim bir kag tane Deictics Computer Screen
Tamamdir. Once onu segelim. Cok geriye gittin.
51 Bunu segiyorsun Deictics Computer Screen
52 [..] Deictics Computer Screen
53 Intersection ikisinin de mi kesisimi oluyor Iconic Computer Screen
54 Bir tane seg¢sen, ortadakinin hepsini Deictics Computer Screen
55 GESTURE Deictics Computer Screen
Bak soyle yapalim. Bos ver abi uzun siiriiyor. Bir
tane_az onceki gibi extrude edilmis séyle bir
56 yuvarlak cizelim Iconic Seklin dis kontéril, ¢izim dogrultusu Forwards Drawing
i . . Iconic Merkez Drawing
57 Tamam m1 merkezleri sonra snapleri agik bir
sekilde ayn1 merkezden
58 mesela bunu 50cm ¢apinda ¢izip Iconic Seklin dig kontoril, ¢izim dogrultusu Forwards Drawing
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Table B.1 : Analysis of the transcript of the modeling exercise 2 (continued).

Segment | Model Time Expression Type of Gesture Augmentation Offset Medium
59 , ) . .
ondan sonra 40cm Iconic Seklin dis kontdril, ¢izim dogrultusu, oran Drawing
60 30cm Iconic Seklin dis kontdril, ¢izim dogrultusu, oran Drawing
61 20cm Iconic Seklin dis kontorii, ¢izim dogrultusu, oran Drawing
62 10cm Iconic Seklin dis kontdril, ¢izim dogrultusu, oran Drawing
63 Oyle yapacagiz o zaman Drawing
64 Zaten form_biraz seydi. Basik bir formdu. Iconic Seklin dis kontdril, ¢izim dogrultusu Drawing
Kesisimlerini alarak yapmay1 deneyecektik ama
olmadi. [..] sol goriiniiste ¢caligsan daha rahat
edersin oray1 merkez olarak kabul edip. Deger

65 girebiliyor musun Deictics Drawing

Su seylerden yap istersen gridlerden git birer tane
66 birer tane azaltarak seyapalim Deictics Computer Screen
67 Sol gériiniiste ince olsun kenarlari Deictics Computer Screen

Yeniden komutu alip bence front goriiniiste su seyi
68 se¢ip Deictics Computer Screen

Surda istersen tekrar secip. Yiizeyini olusturursun
69 sonra tekrar tagimak zorunda kalmasin Deictics Computer Screen
70 Sonra sunu se¢ abi o kadar yakin olmasin Deictics Computer Screen
71 Aslinda sey zaten makette de dyleydi Iconic Seklin dis kontorii, ¢izim dogrultusu Drawing
72 Normal kiire formu suysa Iconic Seklin dig kontdril, ¢izim dogrultusu Drawing
73 Gordiigiimiiz form sdyle bir formdu Iconic Seklin dis kontorii, ¢izim dogrultusu Drawing

Eylemin dogrultusu, geometrinin biiyiikligiine
74 Bastirilmist1 yani Iconic dair oran Drawing
75 Ama tabi bu kadar degildi Deictics Drawing
76 Onlan [...] Deictics Computer Screen
77 Bosgver bu yaptiklarimizi Deictics Computer Screen
78 buna gore kopyalayip rotate edelim Deictics Computer Screen
Simdi bak ikinci formda bu yaptigimiz seylerin
aynilarini kullanalim. Bir daha yapmaya

79 ugragmayalim. Iconic/Deictics Dairesel secim Computer Screen
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Segment | Model Time Expression Type of Gesture Augmentation Offset Medium
80 , o ‘ .
Kopyala istersen Iconic/Deictics Dairesel se¢im Computer Screen
81 Simdi bunun aralarin1 agacagiz GESTURE Iconic Paralellik, dogrultu, yakinlik None
Bir de bunlarin ayni sekilde yukaridan asag1 dogru

82 rotate yapacagiz Iconic Dogrultu, yon, ardisiklik, ag1 None

Hem de hem yatay hem dikey rotate ama once
83 aralarini agmamiz lazim Beats None

Yani bu plakalarin aralarini bu sefer pararlel
84 bosluklar olacak Iconic Paralellik, dogrultu, yon, ardisiklik,ac1 Drawing
Daha fazla birakalim istersen. Daha fazla anlasilsin

85 ortaya ¢iksin. Surda bir tane daha Deictics Computer Screen
86 GESTURE Deictics Computer Screen
87 Tam hizasina kaydiralim merkezleri ¢akigsin Iconic/Deictics Dogrultu Computer Screen

Rotate kopyala ile rotate edemiyor musun? Bu
88 arada soyle bir sey yapalim Beats Computer Screen

bir saniye oncelikle su sadece ortadaki var ya
89 merkezdeki sadece onu Deictics Computer Screen
90 rotate yap abi sdyle cevir kopyalayalim Iconic Dogrultu, yon, ac1 Computer Screen
91 Simdi su en uctakileri Iconic/Deictics Dogrultu, yon, agi Computer Screen
92 en uca alalim abi. Daha iki sekil daha var Iconic/Deictics Computer Screen
yatayla dikeyi yaptigimiz plakalari diyagonel

93 yaplyorsun Iconic Dogrultu, yon, diiseylik ardisiklik, ac1 None

dolayistyla bunu sadece kirkbes drece ¢evirmen
94 yeticek Deictics Computer Screen
95 Kiireyi Iconic Das yiizey kontdrii Drawing
96 iicgen seylere ayiracagiz yiizeylere ayiracagiz Iconic Oran, yanyanalik Drawing
97 Aynen. Igi bos Iconic Doluluk/bosluk Drawing
98 Hacim olarak igerisi bog Iconic Dis yiizey, hacim, kiiresellik, doluluk-bosluk None
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Table B.1 : Analysis of the transcript of the modeling exercise 2 (continued).
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99 Das yiizey, hacim, kiiresellik, tiggenler,
boyle iicgenler var surfarce'inde Iconic ticgenlerin yiizeyde konumlanist None
100 Yani eger yapabiliyorsan solid bir kiire ¢izip Iconic/Deictics Kiiresellik None

onu ondan sonra traille gride ayirip hani ytizeyleri
bosaltmak mantikli olur kisa olur. Bir yiizeye grid
atamak gibi bir sansn va m1? Once istersen kiire

101 ¢iz. Max'te bunun seyi var ya. Iconic None
102 Arttirtyor iste yiizeyleri Beats
103 Surda séyle bir igaret var Deictics
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