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A STUDY WITH ARCHITECTS ON THE USE OF GESTURES WITH AND
WITHOUT SPEECH FOR REPRESENTING SHAPES

SUMMARY

Conceptual design occupies a crucial place in tactural design process. Designers
tend to quickly express, convey and externalizer thesign ideas to the external
world. At the same time, they want to make thenbleswith the purpose of working
on them. Thus, when these ideas became visibldjitects could have the
opportunity to think about, inspect and improventhe

Using hands while explaining a spatial problem tdiesafly can be observed in
architectural statements and design communicati®cause of the rapid and
intuitive nature of the hand motions-gestures. @est have a significant role in
explaining spatial information very quickly andetively, because they are spatial.
Furthermore, gestures are very suitable mediumgxpressing 3D representations,
because they occupy a 3D space, and they are dhmemsional by nature.
Accordingly, gestures have been studied in varfelds, but particularly in spatial
domain. Two of these fields constituted a sourcenofivation for this thesis. The
first one is ‘use of gesture in design communigatand the second one is ‘gesture
as input medium in HCI' (human computer interaction

In this thesis, -instructed- hand gestures thdtiacts used in modeling a given set
of shapes/configurations were investigated by apiecal study for exploring their
gestural modeling behavior and understanding (1) tihee shapes were modeled by
gestures, (2) to what extent architects can repteseshape/form via gestures, (3)
what shape/form information was conveyed via gestuand/or speech. This
investigation was executed under two different wmstances, which are gesture-
only and gesture-plus-speech. In the gesture-omburostance, participants were
requested to model sixteen shapes/configurationasiyg their gestures and were
not allowed to speak. In the gesture-plus-speeonturmistance, participants were
requested to model another set of sixteen shapegjamations with their gestures
and were informed that they can speak if theytike

All of these studies' data were gathered via cadersr and observations were
analyzed by segmenting to the protocols with regdodthe gestures produced. In
consequence of all these investigations, gestusdsch were produced by the
participants during the modeling process, were yaeal to seek answers to the
research questions. During the analyses, some eisk@dtches of the represented
shapes/configurations were also drawn while videegaof the participants were
being watched in order to seek whether the shap&fgjarations can be fully
captured from the videos. In these qualitative ysed, it was observed that
architects generally exhibited some similar beha@vauring the modeling of similar
forms. Some participants generated gestural modélgh contain all of the shape
information holistically. If shape was not modellad giving all the data about its’
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characteristic features, it was difficult to undargl whole shape from the videos. It
was observed that there were several gesture-speisematches produced by the
participants during the gestural modeling procelssre/ information given by speech
was different than what was rendered by the hamdsnyother cases, speech was
often found to give complementary information abdistance, size and/or measure
of the physical models efficiently.

Finally, a comment can be added that participared to find the correct word and
to form a meaningful sentence mentally while getiregagesture-speech models in
the gesture-plus-speech phases. Because of tlasegatheir hands hung in the air
and they hesitated about the next motions of thends. So, if speech was dysfluent,
gesture was interrupted as well. However, in thetuge-only phases, a great
majority of the participants' gestural models wai@e holistic, complete and fluent.

As a result of these investigations and analydesan be suggested that gestural
modeling via hand motions can be a representatide Gdmmunicative medium
between architects to a certain extent. Architeats model some primitive shapes
with their gestures and they can be encouragedusing gestures in design
communication for representing some primitive slsapeor the case of human
computer interaction, with the technological depeh@nts in the near future, it might
be possible to define some shapes/configuratioasctumputer system via gestures.

XX



JESTLERIN KONUSMA ILE KONU SMASIZ OLARAK SEKILLERIN
TEMSILI ICIN KULLANIMI UZER INE MIMARLARLA B iR CALI SMA

OZET

Kavramsal tasarim, mimari tasarim sirecinde veritasgemsilinde oldukca dnemli
bir yere sahiptir. Tasarimcilar bu surectesitticelerini dg dinyaya ¢ok hizli bir
sekilde iletmek, ifade etmek ve sdallsgstirmak isterler. Bu tasarim gliincelerini
gorunar kilmak icin, onlari kristalize etmek-belntgstirmek amaci guderler.
Boylece, bu dssallatirma sireci aracgiyla, belirgin hale gelen fikirleri Gzerinde
disinme, onlari inceleme ve ggirme imkanina sahip olurlar. Bu sayede, gorunur
olan bu fikirleri ve tasarim niyetlerini meslektari ile tartgabilirler.

Bu tip isbirlik¢i tasarim tarymalari gercekligirilirken, uzamsal bir problemin
acliklanmasi sirasinda ellerin kullaniimasi, siklikgivzlenen bir durumdur. Bunun
sebeplerinden biri, bu el ve kol hareketlerininniypestlerin ¢ok hizl ve sezgisel
olarak gelsen dgasidir. Jestler, mekan-zamansal bilginin, 6zellkl@oyutlu mekan
bilgisinin temsili i¢in, olduk¢a uygun ve elvglii birer aracgtir. Bu dnemli rolden
kaynakli olarak, jestler pek ¢cok amama calsmasina konu olrmglardir. Bu calgma
alanlarindan ikisi, bu tez igcin motivasyon kagndeskil etmektedir. Bunlardan
birincisi, is birlik¢i tasarim streclerindeki anlatimlarda odagikan jestlerin ve
konwmalarin, sekil bilgisinin  ds dunyaya aktarilmasinda ne derecede
kullanilabilecgidir. Baska bir deysle, bu jestlerin tek ana veya kongma ile
birlikte, mimarlarin kendi arasindaki ilgitin sirasinda diiince aktariminda hizl,
aciklayici ve destekleyici bir temsil aracina dgmpidonigemeyecgidir. Ikincisi ise
bu jestlerin tek bana veya yine komwma ile birlikte, G¢ boyutlusekillerin
modellenmesi sirasinda kullanimiyla,gdb bir kullanici araytzi icin girdi aracina
donisebilme potansiyelidir. Yani, jest ve kagmanin, bu kavramsakkil modelleme
verisinin bilgisayara aktarilmasi ve tanitiimasindamsili bir araca doriap
donlgemeyecgidir. Bu iki farkli baks acisiyla gercekigirilecek olan incelemenin,
her iki bilimsel aratirma alanina da énemli katkigayaca distinilmektedir. Bu
perspektiften yola c¢ikilarak, tezin temel amaci, Bgyutlu kavramsalsekil
modellemesi sirasinda -jest ve s6z kullanmaya w@lilgmis olan- mimarlarin,
jestleriyle ve kongmalariyla sergiledikleri davraglarin kefedilmesi ve
arggtinimasidir. Mimarlarin el hareketleriyle modellendavrarginin aratirilmasi
cercevesinde bu camada, mimarlara bazi fiziksel modeller verilerelynlar
jestlerle ve kongarak anlatmalari isteniligtir. Bu ¢calsmanin 6n caémasi olarak da
iki pilot calisma gerceklgtirilmistir. TUm calgma sirecleri video ile kaydedilgtir.
Calismaya dair gozlemler, her bir katilimcinin herdaikil icin Urettigi jest modelleri
dikkate alinarak segmentlere ayrigom.

Ana deneysel calma oncesinde gercekte&ilen birinci pilot calsma, 2 mimar
katiimci ile, 22 adet U¢ boyutlu fiziksel maket lleailarak yaratalmetar.
Katilimcilardan onlara birer birer verilen ¢ bdyufiziksel maketleri detaylica
incelemeleri ve sonrasinda bu maketleri jest+korau ile anlatmalari, der bir
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ifadeyle U¢ boyutlu uzayda modellemeleri istegtmi Birinci pilot calisma
sonucunda yapilan analizlere ve cikarimlara gowdlatilan ¢ boyutlu fiziksel
maketler ve ¢cajmanin metodu revize edilgtir. Birinci pilot calismadan cikarilan
derslerle, fiziksel maketlerin birbirleriyle belirbir oransal ilgkiye sahip olmasi,
ayni zamanda daha butincil, temiz ve iyi Uretilmimalari gerekgii sonucuna
variimistir. Ayrica, sonraki pilot cajmaya kongmanin yasaklangi bir fazin da
dahil edilmesine karar verilgtir.

Sonrasinda, yeniden hazirlanan 35 adet fizikselemdé& ikinci bir pilot calsma
gerceklatirilmi stir. Bu ikinci pilot calsmaya, 2 mimar olmayan katilimci ve 1 mimar
katilimci slik etmistir. Bu ¢calsmada, 2 mimar katilimciya iki farkh fazda maketler
anlattinimstir. Birinci katihmci, birinci durumda 35 maketadece elleriyle, ikinci
durumda hem elleri hem de kamualariyla modellengtir. ikinci katihimc ise,
birinci fazda elleri ve korgmalariyla, ikinci fazda da sadece elleriyle 35 ntiake
modellemgtir. Devaminda, bu iki katilimcinin, video verilenmaketler ekranda
gorinmeyeceksekilde Camtasia Studio 8 adl videgleme programinda gerekli
kesintiler yapilarak hazirlangtir. Her iki katilimcinin maket videolari, morfoikj
ve kavramsal olarak birbirine benzerlikské eden parcalar her iki grupta da yer
alacak sekilde, biri sesli dieri sessiz, iki gruba ayrilgtir. Sonrasinda, uglncu
mimar katilimciya bu iki grup video, iki faz haliadzletilmistir ve ondan, izledii el
hareketi-jest modellerinden, gercek maketlerin Askini yapmasi istenrtir. Bu
ikinci pilot calisma sirasinda ilk iki katilimciya, 35 maket her dhirumda da
modelletildigi icin, maketleri @rendikleri ve ikinci fazda daha iyi anlattiklar
gozlenmgtir. Bu 6grenme etkisi nedeniyle, G¢cliincl deneyselsgadida maketlerin de
iki farkli grup halinde anlattiriimasi gereftisonucuna varilimtir. Bu calgmada,
mimar katilmciya eskiz yaptirlmasinin sebebi, iliki katilimcinin jest
modellemelerinin ne derece agilabilir olduguna bakilabilmesidir. Bu sayede, farkl
bir katihmci maketleri hic gérmeden, gba birisinin anlatimiyla, gerge yakin bir
sekilde eskizler uretebiliyorsa, bu jest+tk@ma verileri dgal bir kullanici araytzl
icin bilgisayara girdi sglayabilir, ayrica mimarlarin kendi arasindaki getide de
destekleyici temsili bir arag olarak katkigtayabilir motivasyonlari elde edilmtir.

Uclincii ana deneysel gaha ise, 4 mimar katilimcei ile gercefieilmi stir. Maketler,
bir 6nceki deneyde kullanicilarin modellemekte ek gorlandgl ve en karmgk
olan 3 maket g6z ardi edilerek, morfolojik olarale karmaiklik seviyesi
bakimindan her iki gruptaki maketlegdeger olacak bigcimde, 1&ar maket iceren
iki gruba ayriimgtir. Ogrenme etkisini ortadan kaldirmak icin, her bir katciya her
bir maket bir kere anlattirilgir. Katilimcilara maketler, sadece-jest ve
jesttkongma fazi olarak iki fazda modelletilgtir. Maket grubu sirasi ve s6zlu-
sOzsuz anlatim sirasi belirli bir permitasyon ngandla, tekrar etmeyecejekilde
dizenlenmytir.

Jestle modelleme sirecleri sirasinda ortaya cikase$ ve el hareketli anlatimlarin
incelenmesi ve kanastiriimasi igin diizenlenen, ‘sadece jest fazi’ \estjkongma
fazI’ sayesinde, jestle ile iletilen bilgiye, kamoa ile iletilen bilgiye ve son olarak da
jest+tkongma ile iletilen bilgiye, ayri ayri bakilabilmesi aglanmstir. Bunlardan
yola c¢ikarak, jest ile kogmanin birbirini tamamlayici d@si sebebiyle, kogmanin
da jest ile birlikte, G¢ boyutlu mimari kavramsgkil modellemesi igin dgal bir
kullanici arayizi olup olamayagada aratiriimistir. Konusmanin, ‘jest+kongma
fazi'nda sekillerle ilgili sayisal bilginin ve Olculerin ildmesinde ygun olarak
kullanildigi gozlenmgtir. Konusmanin bu katkisina ganen, cakmalar sirasinda,
cesitli - jest-konusma  uyumsuzluklari da go6zlengti. Bu uyumsuzluklarin,
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katithmcilarin  ayni anda hengekli 6grenmeye cayip, hem onu elleriyle
modellemeye gayret ederken,geli yandan da so6zli olarak verecekleri bilgiyi
kararlgtirmaya caktiklari icin ortaya cikgg gortlmistar.

Tam bu ¢camalarin sonucunda, t¢ boyutlu modelleme siurecsisida sergilenen el
hareketleri-jestler analiz edilgtir. Oncelikle, dort katiimcinin bitiin maketleinc
Urettigi sesli ve sessiz jest videolari, katilmcilarindalleme davraglarini analiz
etmek acisindan gozlemlergtii. Ardindan, mimarlarinsekilleri modellerken
sergiledikleri benzerlik ve farkliliklar analiz dahistir. Son olarak da, tim sesli ve
sessiz jest videolarinda, jestle ve kgna ile iletilen bilgiyi aratirmak amaciyla,
hem yapilan jest modelleri hem de s6zlu tanimlamiaileebir metne dokulmidr,
hem de her bigekil icin, iletilen bilgi analizleri yazilarak cikdmistir. Modelleri
anlatan katilimcilar dinlenirken, onlarin anlatimlaiizerinden basit eskizler
yapiimstir. Bu analizler, tamamen deneyimsiz skllanmams ve ciplak bir gozle
yapilmaya caklmistir, bagka bir deysle modelleri 6nceden bilme durumu g6z ardi
edilerek gecekigirilmistir. Calismanin guavenilirlgini kontrol etmek amaciyla,
maketleri daha 6nceden hi¢ gormgndisaridan bir gézlemciye de secilen 32 adet
jest modelleme videosu izletilerek, bu videolardakidellemelerden anlayabildikleri
ile, gerceksekiller hakkinda eskiz yapmasi istestimi Bu videolar, dort katilmcinin
sadece-jest ve jest+kogna fazinda Urettikleri jest modellerinden, her bir
katiimcinin birka¢ sesli ve sessiz videosunu igeke bicimde olgturulmustur.
Sonrasinda, bu gigdzlemcinin eskizleri, gbzlemci olarak analizlapydgl sirada
aynisekilleri izlerken Uretilen eskizler ile, benzerblakimindan kaulastiriimistir.

Bu nitel analizlerde, mimarlarin benzer formlari detberken benzer davratar
sergiledikleri gozlemlenngiir. Bazi katilmcilarin bazisekilleri, buatlin veriyi
aktaracaksekilde butincul olarak modelledigdzlemlenmgtir. Analizler sirasinda,
jest modellerigekille ilgili tim veriyi icerecek bicimde Uretilmedse, ilgili modelin
anlailmasinda veekillerle ilgili dogru eskizlerin Gretilmesine guclukler cekiktir.
Yani katilimcilarin sekillerle ilgili yeterli ve d@ru bilgiyi aktarmasinin,seklin
anlagllmasinda ve eskizinin Uretilmesinde dnem argiestiylenebilir. Eer katilimci
model yaparken, jest-kogima uyumsuzlgu sergilediyse, yapilan eskizlerde kagana
yasanmstir ve modelin eskizi dgru bicimde dretilemengiir. Bu uyumsuzluklara
ragmen, katilimcilarin treti jest modelleri izlenip, analiz edilginde ve bu sirada
Uretilen eskizler ile g1 gdzlemcinin ayni jest modelleri icin Urgiti32 adet eskiz
karsilastirildiginda, 32 adegeklin yaklgik olarak ytuzde sekseninin glm bicimde
anlsilabildigi ve eskizinin yapilabildii goralmstar.

Bu calsmalar ve egilen veriler sonucunda, jest ile ¢ boyutlu modakmin,
mimarlar arasinda ve bir bilgisayar arayuizine gisdilamak amaciyla, basit
sekillerin ifade edilmesinde aciklayici ve destekieyir iletisim araci olabilecg
kanisina varilngtir. Fakat, sekiller karmaiklastikca; yani daha fazla sayida
yuzeyden olgmaya baladikca ya da daha kompleks mekansal ve oranskileti
icermeye bgladikca, katilimcilarirgekilleri jestleriyle modellenmekte zorlandiklar
gozlenmgtir. Ayrica, caitli jest-konusma uyumsuzluklarina gaen, kongmanin
cogunlukla seklin niceligi, dlculeri vesekillerin adlar ile igili etkili ve dgru bilgi
vermekte buydk rolu oldiu g6zlenmgtir. Son olarak, jest-konma fazinda,
konwma sirasinda katilimcilarin g kelimeyi bulmaya cajirken ya da ciumle
kurma gras! verirken, ellerinin kisa sirecler halinde havadall kaldgl ve jest
modelinin kesintiye gradigl belirtilebilir. Buna r&men sadece jest fazinda ise
katilimcilarin modellerinin buyik @onlugunun oldukca butincil ve akici bicimde
kurgulandgl ve daha kisa sirede, hizlica Uregididylenebilir.
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1. INTRODUCTION

People mostly tend to gesture as they talk. Itregjdently observed that while
working on a spatial task, gesture production besmore visible and increases
(Morsella & Krauss, 2004; Marrin & Olsen, 2013; floa et el., 2006; Atit et al.,
2013; Hostetter & Sullivan, 2011; Wesp et al., 200hu & Kita, 2011, 2012; Allen,
2003; Bergmann & Kopp, 2006). This might be pab¢cause, gestures are great for
“capturing visuospatial content” because of theistiospatial form” (Wagner et al.,
2004) and they can represent actions in space fedhey are actions in space
(Jamalian et al. 2013). So, they can representaspaormation very naturally and

quickly by nature.

Gestures can convey substantive extra informatitich is not conveyed in speech
(Church and Goldin-Meadow 1986; Schwartz and BIH86). “Gestures are free to
take on forms that speech cannot assume and aequently free to reveal
meanings that speech cannot accommodate.” andptiréigipate in communication
supportively as a part of intentional communicatet (Goldin-Meadow, 2003). So,
they support speech process with this additiorfakmmation and they present some
different information from speech freely. Thus, tistener understands the speaker
better.

A similar situation can be observed in some spa#isks, speaker's gesture usage
positively effects the understandability of thetsgdassues by listeners. For instance,
in assembly of a simple object, if communicatordumes gestures while exhibiting
and explaining the assembly process to recipiéptyécipient could understand and
learn better by means of gestural instructions énoz& Tversky, 2007).

Tendency to produce gestures when talking abouiagpaformation can be widely
observed in the context of architectural desigrchiects tend to produce gestures
while explaining or describing their design ideasaesign to others as observed in
collaborative design meetings, presentations anpirical studies. (e.g. Bekker et
al. 1995; Yamur Kilimci, 2010; Alacam & Cgdas, 2014). For instance, while



describing design of masses in a building, arctstéequently produce several
gestures as holding these masses with hands asel glestures often exhibit spatial
relations and locations of these masses and eraichitects’ descriptions by

conveying extra comprehending information in aaditio speech.

While architects frequently use hand gestures @ ttommunications, they do not
use gestures in their own thinking processes insdm@e vein. Architects’ main

thinking tools are diagrams, sketches, analog agiad models. They externalize
their thoughts with these representations. Onehef reasons of their not using
gestures as a representational medium for thinkiignt be that what is rendered by
the gestures disappear simultaneously and canncayieared in a real-time fashion.
But, if it could be captured and digitally modelleda real-time fashion, architects
could simultaneously see and review a digital maddhe entities they render via
their gestures. In such a case, creating digitadeisoof the entities that architects
visualize in their minds would be much faster themating them by using

conventional input devices and using the modelingst provided in the digital

modeling environment. Such a fast creation of digihodels via gestures could
benefit architects thinking processes by reducing time spent for externally
modeling the entities visualized in mind and prawypa faster visual feedback to the

architect.

Indeed, until now there has been an extensive amoiuresearch on the use of
gestures as means for interacting with computeesys particularly in the field of
human computer interaction (HCI). Several studiagehbeen carried on gestural
inputs, which allow people to interact with produiand systems using hand motions
such as giving ‘start, stop, pass, pause, volumdown’ etc. commands to a TV
with hand motions (Lenman et al. 2002) or interagtivith some computer games
(Loviscach, 2009), military (Lebron, 2013) or medi@pplications (Wachs et al.
2006) etc.

Also, there has been one line of research focuaddtplarly on study of gestures as
means for defining shape information. For examiiavath et al. (2003) developed
a -hand motion language- tool for modeling and malating shapes. They defined
some specific hand motions and called this spelafiguage as HML (Hand Motion
Language). They constituted a specific languagdaos some special words and

sentences defined by hand motions. Their resullieated the potentials of a HML



in shape conceptualization. Varga (2008) studieautlihe topic of hand motion
based spatial shape design. She focused on thsfaraof design data to the
computer and she produced some digital conceptoalels via hand movements.
She developed several algorithms and used some ugices and HML for
transferring data to the computer. Varga compar€tiA® based modeler system
with a HML based modeler system and she reportatghrticipants were enjoyed
about using HML modeler system more than CAD madsystem. Zaman (2010)
studied on the transfer of the hand motions useédlermodel making process to the
computer. He developed a design environment empudoie hand motions used in
model making process and defined several hand rgsstinat are used in the
modeling process to the computer. He worked on hanton capturing and he
presented a set of algorithms. This study defiraa@hmotions used in model making
process to computer with a certain categorized Wayayak et al. (2013) presented
an interaction system as called “Shape-It-Up”. Thstydied on intelligent
generalized cylinders (IGC) on the concept of slapation, shape modification and
shape manipulation with hand gestures. They degignprototype involves human
skeletal tracking and hand-posture classificatismgithe depth data provided by a
low-cost depth sensing camera (Microsoft KinechisTstudy shows that it is
possible to generate, modify and manipulate cylsaéth hand motions through a
virtual slab, so this could also apply to otherpgsa It can be deduced from these
research studies that shape information can beiradgfrom hand gestures and
further studies could be performed with help ofesal/technological developments.

As, human hand has a very complex structure. kngefs of the hand have a great
variety of motion abilities. There have been so muwwomplex motions and
operations of the hand. So, recognition of theseptex elements-fingers and these
complex motions is a challenging issue for HCI. &exe of that, so far studies on
gestures have worked with a set of predefined hamitbns and postures. So specific
hand motions should be predefined to the compulker & certain language and
several algorithms should be generated. Differemhfall these studies, there was a
more developed input device -Kinect- in Shape-It-Wjmnect is a system, which
enables people to control the environment witharmaote control, mouse or a
controller. “With a 3-D human motion capturing algom, Kinect enables

interactions between users and a game withouteld o touch a controller” (Han



et al., 2013)So Vinayak et al. (2013) took the advantage of Kirsect technology

for generating shapes by means of taking gestopaitidirectly without the need for
extensive training and they implemented this stwily cylinders in the study of
Shape-It-Up.

Thus, until now several prototype systems and dlgos have been developed for
generating digital shape models or transferringdhaotion data -used in the model
making process or while describing a shape- to ctenp In all these research
studies except Shape-It-Up, researchers have dtwdib predefined gestures and
certain languages for shape-modeling studies air thge because of some

recognition problems.

At this point, we should touch on the issue of gesinput devices, especially three-
dimensional ones. Here, we can see wired glovedilyband visual sensor-devices,
depth-aware cameras, stereo cameras etc. Herdy bgoluit devices cause some
movement restrictions and people mostly do notgorefearing external devices on
their hands or bodies. Cameras sometimes can bave motion capturing problems
resulting from diversity of human motions. But, ee@ variety of technological

developments have been carried on nowadays, elpdoracapturing gesture with

using minimal external devices.

There is a growing number of research in HCI, fevaloping gestural interfaces.
This research and the technological developmenitst ploat there would be such
interactive interfaces, which can recognize freehagestures naturally and
spontaneously without any need of physical inputiacts (hand gloves, markers
etc.). As such, there would not be a need for pireeld gestures (preconditioned-

previously taught to the computer and people) toaiaing process in the future.

Accordingly, it seems that in the near future itulebbe possible to capture the space
occupied by hands and translate the shapes/coafigns rendered by the
movements of the hands to a computer system. Atpint, the question comes to

mind, whether and to what extent shapes/forms eandeled via gestures.

This thesis presents an empirical study conducte@xplore gestural modeling
behavior of the architects while modeling shapes gestures under two different
circumstances with or without speech. In the canvéxhis study, research questions

were formulated as follows;



(1) How the shapes were modeled by gestures uadbraf the circumstances?

(2) To what extent architects can represent a ¢fupevia gestures under each of

the circumstances?

(3.1) What shape/form information was conveyedgédsatures under the gesture-only

circumstance?

(3.2) What shape/form information was conveyed gaature and/or speech under

the gesture-plus-speech circumstance?

By addressing these issues, it aims to provideylimdio the ‘gesture researches in
HCI' and ‘use of gestures in design communicatiém’'other words, this exploration
can shed light on two different issues. The po&ntf gesture and speech as
representational mediums for architects in definsttapes/configurations to a
computer system as well as describing them to stimethe context of collaborative

design meetings, presentations etc.

To find answers of these questions, two preliminpipt studies and a main
empirical study were conducted in this thesis.he main study, participants were
requested to generate shape models by using thaeidsh Various 3D physical
models were given to them and the participants \aeked to re-model these objects
with their hands only or hands and speech togefftey were informed about their
gestures should be the first priority medium fagitlgestural statements as different
from co-speech gestures that are produced sponisliyeehile speaking. In other
words, it was expected from them to give the maxmaformation with their hands
more than their speech thus, our priority was hamgtions. This process was
conducted in the experimental design so it was inothe nature environment.
Participants were asked to do that in that manhke purpose of this unnatural
approach was that to look for how architects wdadtave, if they know they could
use their hands in the spatial problem definitiand also if they were aware of the
hand gesture usage can provide an extra inform#iaheir representations. In this
case, we looked at what kind of statements couldlimerved? Could architects

improve and enrich their representations via hasluges?

The rest of this thesis is organized in four chept&he first chapter is the literature
review about co-speech gestures used in collaberastudies, also spatial

representational gestures used in design commionicahd several input gestures



used in HCI. The second chapter presents the deSitpe study. It first explains two
pilot studies with their participants, proceduresgterials and their implications to
design of the main empirical study. Then it presghe main empirical study with
participants, procedure and materials. Then itirmegl the analysis method of the
main empirical study. The third chapter discuskesdtl of the detailed analyses and
results of the main empirical study. Lastly, chafiesummarizes the conclusions,

recommendations and further studies about thisfgignt topic.



2. LITERATURE REVIEW

Gestures are not just movements and can neverllgeefplained in purely kinesic terms.
They are not just the arms waving in the air, lumisols that exhibit meanings in their own
right. They have a meaning that is freely desighatethe speaker. (McNeill, 1992)
There have been several gesture definitions. Rtamece, Kendon (1981) stated that
the word ‘gesture’ means “distinct bodily actioraths regarded by participants as
been directly involved in the process of deliberateerance”. McNeill (1992)
arranged Kendon'’s different kinds of gestures aached “Kendon’s Continuum”.
Here, Kendon’s categorization was thgesticulation, speech-linked gestures,

emblems, pantominandsign language

McNeill (1992) defines gesture as “movements ofdhmas and hands and are closely
synchronized with the flow of speech”. He classifigestures adyeats,iconics,
metaphorics and deicticdMcNeill, 2005). Beatsare the rhythmic gestures which
occur with beat time of the hand. They are hand enwnts like up and down or
back and forthlconicsare gestures which “present images of concretéesntind/or
actions”. So, depiction of a circle by drawing istiape in the air or behaving like
grasping an object with hand or showing a directioth hand can be accepted as
iconic gesturesMetaphoricsare gestures which can present “images of theaaib’st
Here people use space for representing abstraes ililke holding an ‘idea’ or
‘memory’. They are similar to iconic gestures byt contain a semantic content.
Deictics are gestures that mostly occur like pointing sohew with index finger.
Sometimes, deictic gestures can be used with ptmés of the body such head, nose,
elbow, feet etc. Krauss et al. (1996) terms thestuges adexical movementsand
Ekman & Friesen (1969) names them iflastrators’ (Alibali, 2005). Furthermore,
there was aepresentational gesturexpression in Kita’'s chapter (Kita, 2000) as
“Representational gesturese defined here as iconic gestures and absteacticd
gestures (McNeill 1992)”. Moreover, Alibali (2008¢fines representational gestures
as “gestures that convey semantic content by viofughape, placement or motion

trajectory of the hands”. Rauscher et al. (1996)cate that representational gestures



are obtained from spatially encoded knowledge aevesto build the spatial
relations that will be expressed in speech.

These different gesture definitions have an imparfdace in the literature, but the
gestures which were elicited in this research stwdyre called generally as
‘representational gestures’. This study focuseshaserepresentational gestures
which areiconicsrefer to directions, proportions, spatial relagofmear, parallel,
contiguous, horizontal, vertical, etc.), subtractiand additional operations or
geometry of shapesgicticspoint a special path, direction and size or thegict a
part of the shape anthetaphorics beside the representational gestures-refer to
abstract ideas such information which acquired fieelike explaining an idea which
does not have a physical form or waving hands éndin while trying to retrieve a
word from memory. Along the present study, partois were instructed to generate
representational gestures for shape descriptiontla@dexperimental studies were
executed from this point of view and these repredemal gestures were henceforth

called gestures, unless indicated otherwise.

Gestures are produced in a great variety of camditisuch as mental rotation and
geometric shape motion tasks (Chu & Kita, 2009)emwlgiving directions (Allen,
2003); when describing a picture from memory (Wespl, 2001); recall of spatial
information (Morsella & Krauss, 2004; Chong et a013); when talking about
spatial topics (Lavergne & Kimura, 1987); when grding mental representations in
action (Beilock & Goldin-Meadow, 2010); during thkexical retrieval and
information packaging processes (Alibali et al. @90n word retrieval (Krauss &
Hadar, 1999); in revealing and changing thoughid®eMeadow & Wagner, 2005);
in assembling a simple object (Lozano & Tversky,020 in collaborative
discussions (Becvar et al. 2008). These gestuesnasstly used with speech and
speakers produce them spontaneously, than thegpaamed as co-speech gestures.
They sometimes turn into language, sometimes wiwkgaide language (Goldin-
Meadow, 2006). In scope of this study, as indicdtefibre there were two different
viewpoints, so gesture studies in literature wdl éxplained according to these two
fields as co-speech gestures used in collaborativdies and input gestures used in
HCI.



2.1 Co-Speech Gestures Used in Collaborative Studie

Collaborative studies generally elicit co-speeclstges. In this context, several
research studies will be explained. In Lozano amdrdky’s assembly task (2007),
they aimed to seek evidence that gestures bermfitdommunicators and recipients.
They performed two experiments; one of them waglaoted with communicators
and the other one was conducted with recipientsni@onicators explained to the
recipients how to assemble a simple TV cart, uspgech with gestures or gestures
alone. Communicators’ explanations were videotaped these videotapesere
watched to the recipients. The study reached thesdts, communicators learned
assembly better while using gestures alone. Thadenm@awver assembly errors in this
gesture-only condition than gesture and speech itomd“Recipients understood
and learned better from gesture-only instructiomant speech-only instructions”.
Gestures helped to communication because they gedvection information
directly. Gestures themselves were not informabiwe“they helped communication
because they facilitated speech”. Lozano and Tyerskrpreted that gestures were
better than words because they carried embodiedvlkdge. They attributed
effectiveness of the gesture-only conditions onekiga attention of communicators
and recipients. Communicators paid extra attentiothe gesture-only condition
because they knew that they had to convey all in&dion with their hands and they
tried to be sure about giving clear and explicplerations for the assembly process.
On the other hand the recipients also paid extesm@bn while watching the gesture-
only videotapes because they knew that they cotddiee whole information from

only communicators’ hands.

In another example ganur-Kilimci’s research study (2010), participantere/ not

instructed about using gestures during their 3D talevisualization practices but
they substantially produced gestures, such asipgitd relative locations in space or
depicting the shape of an element. In this reseatody, she focused on the
architects’ mental visualization skills and exandintheir mental visualization

performance through several practices. It was ebsethat participants rendered an
invisible 3D small scale of the visualized buildiagbuilding space and sometimes
they gestured as walking in the related building.external reviewer was requested
to review video segments of the participants’ vedbescriptions in order to seek

reliability. Besides, she analyzed video records esich participants’ verbal



descriptions for examining what kind of informatiafas expressed with speech and
also gesture. She mentioned that participants elgfthe building components with
speech and they depicted their locations in spgcesing their gestures. So, they
defined spatial entities by way of gestures. Shirded from the observations of this
study, ‘These gestures were an integral part of the vizatédin process in that they
supported the creation of the imagistic models...iThesture models were helping
them to concretize their imagistic models, the disiens of the space and the

components in the external space” giaur-Kilimci, 2010).

In Alagam and Cgdas’'s study (2014), they performed a thirty-minutesecatudy
which consisted two phases with two post-graduatditecture students. They
explored the role of embodied bodily experiencehinitthe frame of abstract and
conceptual ideas. The aim of this study was to@eppresence of iterative patterns
in the iconic and deictic gestures during the miodeprocess. The first participant
was asked to examine four physical models whichewmoduced with different
types of production. Than in the second phasesditend participant was asked for
generating 3D models of these physical objectsigital media by way of the
gestural and verbal instructions of the first map&nt. The first participant described
all of the physical models to the second partidiplay using ones gestures and
speech. Whole modeling process videos were analgyeasing McNeill's deictic
and iconic descriptions. According to the result$his study, iconic gestures were
used generally for depicting the relation of theaBncomponents or spatial
information and they were accompanied by speecy Bihserved that discussion of
the spatial features of the models in the compatszen remained limited according
to the discussions which carried out in physicalcgp And also, it can be said that
nature of gestures used during digital modeling@ss turned into deictic gestures.
Gestures were used for not only description of apshgeometry but also for
generation time of an action. They aimed to andWisrspecific question; why and
how digital media interfaces were insufficient imetprocess of conceptual and

abstract idea generation along the early phasegd.

In Becvar et al.’s study (2008), they examined afshe representational gestures for
the formulation of scientific theory during collalative discussions in a
biochemistry lab. They found that representatiaqyesdtures were frequently used to

reference, modify and embody special parts sucmaedels, diagrams and graphs.
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They commented that representational gestures wsed for description of the
information which was not conveyed with languageeyl used the term “embodied”
to refer to representational forms. They collearderimental data in the duration of
weekly laboratory meetings and training laboratwoyrs. They used video recording
techniques to collect data. They collected casgystiata from weekly lab meetings
of a biophysics research and training laboratorthat University of California by

video recording method for this project. Particip@onstructed the hand model
firstly, later she could adapt and modify the malac model as it was still there in

the air and communicated with the group membersdnygestural models.

2.2 Input Gestures Used in HCI

There have been several research studies in the olvayesture acquisition or
recognition context in HCI. In this thesis, gestuwteidies which concern about
design, shape modeling or CAD technologies willdxemplified only. Because,
focus of this research study is nature of the gestwhich will be provided an input
to the computer in scope of the gesture-based aictien more than gesture

recognition.

“Hand motion is one of the most natural ways fosigeers to express their shape
concepts for computers and to communicate with eattler during the shape
conceptualization (Varga et al. 2004). In this estit HML can be explained firstly
(Horvath et al. 2003). HML is a hand motion langeiatpol for 3D shape
conceptualization and design of shapes. Horva#h €2003) defined a set of specific
hand motions and called them as HML (hand motiowglage). One purpose of
defining this language was to minimize its depewdsron temporal, morphological
and spatial variances (Varga, 2008). In the scdpeEML, they produced several
geometric words, procedural words, identificatiororés, positioning words,
connectivity words, scaling words, and assemblirggds. Their results indicated
potentials of a HML in shape conceptualization pssc However, there were some
problems to illustrate, the amount of shape detedls too much and there were some
limitations about memorizing the complex hand mmwtisequences by the test
persons. Test persons performed better the sinfgpbets according to the compound
and hybrid ones. They reached the solution that wtite help of the hand

movements, time spent in CAD programs decrease.eddar, the conceptual
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models, which were produced with HML, were morexitide and creative when
compared with CAD software.

Words Descriptions Signs

Specifies a
Plane planar x e

surface as

halfspace

Specifies a |
Cylinder cylindrical ~]

surface as a
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halfspace
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Figure 2.1 :Geometric Words of HML (Horvath et al. 2003).
Varga (2008) investigated hand motion based spsitiape design. She focused on

the transfer of design data to the computer interfand she produced digital
conceptual models via hand movements. She compar€AD based modeler
system with a HML based modeler system and shertexpthat participants were
enjoyed when using HML modeler system more than @éddleler system. Besides,
HML based modeler system was a more easier anchativee system according to
CAD modeler system in the way of interacting witie tshape generation and
manipulation process. This study showed that haotiom usage in shape modeling
can be an enjoyable and helpful medium for desgyaed this issue can be searched

with different viewpoints in the future.
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Figure 2.2 :Using HML in Conceptual Shape Design (Varga, 2008).
Zaman (2010) studied on the transferring of thedhaotions data -which are used in
the model making process- to the computer aideeerifdce. He categorized the
actions according to the fundamental features ofdhanotions and “proposed a
recognition schema to be processed in the digitfggm”. He developed a design
environment employing the hand motions used in oddking process. He defined
several hand gestures that are used in the modptmgess to the computer. He
worked on hand motion capturing and presentingtaokalgorithms. This study
supports the idea that hand motions used in mod&lng process can be defined to
computer with a certain categorized way via a @eridassified hand motion

repertoire.

Figure 2.3 :Session of Modeling Experiment (Zaman, 2010).
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Vinayak et al. (2013) presented an interactionesysand developed an interface as
called “Shape-It-Up”. They used Kinect technologythis study. They studied on
intelligent generalized cylinders (IGC) on the ospic of shape creation, shape
modification and shape manipulation with hand gestuThis study showed that it is
possible to generate, modify and manipulate cylimaath hand motions through a
virtual slab, so this could also apply to otherpgdsa They emphasized the potential
of moving the interactions from a conventional depkbased CAD environment to a

NUI (natural user interface) enabled spatial envinent.

Figure 2.4 :Shape It Up User Interface (Vinayak et al. 2013).
There have been several prototype systems anditalgsr They have been
developed for generating digital shape modelsarsfierring hand motion data -used
in the model making process or while describindnapg- to computer. In all these
research studies except Shape-It-Up, focus foreshaqelling with hand motions is
mostly working with predefined gestures or cerfaimguages, which were taught, to
the people or the computer previously. We perforroad study with the aim of
discussing the gestural shape modelling with nbfamd spontaneous hand motions.
Participants executed this study without learning eertain gestural language. They

modeled the shapes with their spontaneous gestures.

With the help of technological developments, hanatiom capturing technologies

will be improved to the extent that the spatial mments of the hands could be
captured in a real time fashion by an interface #Wilh capture and model the hand
motions while architects are representing theiigiesswith their hands. The space
that hand renders will be recognized and translateal 3D models. It would be

possible to create a digital model capturing thacepoccupied by motion of the
hands.
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In the light of these experimental studies, we campevith an idea to study about
exploring the gestural modeling behavior of aratige with the purpose of
understanding; to what extent various shapes/faamsbe represented via gestures
and what shape/form information can be expresseagebtures. We aimed to provide
insight to the ‘gesture researches in HCI' and ‘usfe gestures in design
communication’. We formulated this study from thergpective of the architectural
design. There were not such research study, whashdirectly unfolding architects’
shape modelling behavior via gestures and speechvdy of certain designed
geometrical forms and configurations in the arcatiteal design communication. At
this point, this study would provide a differentnt@bution to the field of the

architectural education and practice by meansetisign communication.

On the other hand, we restricted the content &f $shildy to some certain basic 3D
configurations. There have been much more compaxg and shapes used in this
study for testing the challenging point, but we diot include any architectural

building or very complex-detailed 3D physical moutethe test materials.

Furthermore, this study was not arranged with aredgfined gestures or certain
languages, because we wanted to investigate aedlrdzow architects would model
shapes with their hand motions naturally and spwdasly and if they would know
they can use their hands for representing shapenmattion, how they would behave
while describing shapes with their hand motiondiges? As far as, we should
highlighted that; there is no such a research studlyis field, which was using this
type of an experimental setup and directly condlictath the architects on the

purpose of exploring the gestural modeling behagidhem.
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3. DESIGN OF THE STUDY

This chapter discusses the main empirical studyigded with 5 architect
participants to address the research questionsufated in chapter 1. It was
expected from the participants to generate expdapaBD gestural models for
various configurations of several 3D physical med@&efore this main study, two
preliminary pilot studies were conducted in thisdis. This chapter first outlines two
pilot studies conducted with different participantsaterials and procedures, then
discusses the implications of these studies tontilaén research study. Later, it
presents the main empirical study with participantaterials and procedure. Then it
presents the analysis approach and the path fallalueng the observations.

For all these research studies, some importanttpoivere explained to the
participants. They were first acclimated to the eskpental setting by talking and
giving solely essential information to them. Thegresnot especially informed about
the aim and approach of the study with the purpdseeping their minds and hands
clear. Several questions were posed to the paatitspfor being sure whether
participants understood the study and the procethen they were ready to model

shapes, the testing process began.

Participants were informed about that they wouldegate gestural models for an
external observer with the aim of a re-modelingcpss through their statements and
videos. It was told to them that their gestural eledvill be shown to an external
participant and (s)he will re-model the configusag according to their gestural
model videos. Because of this motivation, theydttie represent the most necessary
and comprehensive information about the 3D physivadiels with their hands and
speech. Participants were also informed about vigbility of the 3D physical
configurations was a proposed situation for modglso they did not have to keep
the 3D physical model in their working memory dgrithe modeling act. It was
mentioned to participants that the base plane efthysical models can be ignored,

they are asked to focus only 3D physical models.
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3.1 Pilot Studies

Section 1 — The First Pilot Study:

The first pilot study was carried out to searchféesibility of the architects’ gestural
modeling act and availability of the -produced- Bbysical models’ types-features
for the modeling process. One purpose of this giloty was to investigate whether
the production methods of the shapes can affecpainicipants’ gestural modeling
act or style. One other purpose was to search whétkre were considerable results
and experimental data for analyzing the architegg¢stural modeling behavior. Here
participants were asked to study a series of 3Dsiphl forms —quickly produced
with hands- and configurations of them with the d@ondescribe them to a third
person via hand movements and gestures. One reasmiuding ‘a third person’ in
the study was to motivate participants for genegagood gestural models and the
other reason was to look at the comprehensiblenie®e gestural statements by a
third person who did not see the real models before

The first pilot study was conducted with two arebis from Architectural Design
Computing Program of Istanbul Technical Universifywenty-two 3D physical
models were given to the participants in a regtlan and they were allowed to
examine every physical objedtigure 3.1). Then it was asked them for generating
gestural models of these physical objects withrthands and gestures. The whole
examining and modeling processes were recorded twia camcorders, one
positioned opposite of the participant, the othez was the right side of them. Every
participant studied alone and asked her/him to ampthe given 3D physical
configurations via hands motions. There was no timé and they were allowed to
speak, also encouraged about talking. But it wameebed from them to giving the

maximum information with their hands.

This study was a feasibility research, so 3D platsiwodels were generated quickly.
Here, these models were produced as containing basie components such as, one
piece and multi-pieces linear configurations, #atfaces, single and double curved
surfaces, volumetric elements, some primitive shap®l several configurations of
them. Also, various subtractive and additional ferwere included in these
configurations Figure 3.1).
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Figure 3.1 :Configurations of the First Pilot Study.
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Implications of the first pilot study:

During this pilot study, several significant im@itons were noticed. According to
these implications, design of the main experimess vevised. First, it was observed
that participants were aware of level and mateliérences of objects. If an object
has a fragmental composition, they began to maglri by part, sometimes it could
be deceptive for the holistic structure of the obj&herefore, it was decided that 3D
physical models should be more holistic, well-prosih and proportioned. It was
observed that they generated certain gestural mddektertain 3D physical models,
so several different configurations were includedthe physical models. These
implications raised awareness about the requireecio3D physical models and the

whole experiment process.

There was another significant observation that idredr not the physical model big
or small, participants modelled all the configusa8 according to their gesture
space. They generally modelled objects bigger tharreal ones. So, the size of the
3D physical models were revised in consequencehef garticipants’ gestural
models’ size generated in the space. It was dedidaidsize of the whole objects
should have a certain measure and proportion. Tinglest measurement tool is
finger for the people and modeling tool is handjfdbere is a modeled object, the
smallest unit of it should be constituted accorditg these proportions.
Consequently, the smallest unit of the physical e®avere agreed on 3 cm, next all
of the edges, surfaces and components producedltplas of 3.

The first pilot study was performed before formimgtresearch questions detailedly.
Participants were instructed about describing gi8Bnphysical models with their

gestural representations in this pilot study. Spegas not prohibited in this study
because it was thought that speech can contrilouteet modeling process. But, it
was observed that although there were some assosiand overlapping between
the information conveyed by gestures and speectuigs and speech generally
conveyed different type of information. So, it wdscided that there should be
different phasespeech included and speech excluded as gestureandlgesture-

plus-speech in the next study. It was wondered libat would architects behave if

they were not allowed to speak during the gestm@leling process.

Findings of this study helped to form a more welhstructed approach for the next

pilot study and the main empirical study. As a lesd this pilot study, various
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different 3D primitives and alternative composisoaf them were generated. So,
new 35 3D physical models were designed. They vegranged to explore the
modeling behavior behind them to see where gestare be representative for

modeling act and how.

Section 2 — The Second Pilot Study:

The second pilot study was designed with the oiwestof searching participants’
modeling behaviors with and without speech, and a&sploring the information
conveyed by gesture and speech. Different fromfitse pilot study, two different
phases were implemented in this second pilot staslygesture-only phase and
gesture-plus-speech phase. Participants were allawespeak, also encouraged
about talking in gesture-plus-speech phase. Bike ah the first pilot study they
were requested for giving the maximum informatiathwheir hands in the gesture-
only phase. Furthermore, speech was prohibitechengesture-only phase, in this
phase they were directed to give the modeling méiion just by using their hand

motions.

Two different non-architect participants took placethe second pilot study -as
modeler participants- who have different backgrokndwledge. Also there was an
architect participant -as sketcher participantthis pilot study who watched the
gestural modeling videos of two participants arnddtrto sketch the real-models

according to their statements.

These two phases were performed in different ttonsvo participants. Therefore, it
was aimed to compare the gestural modeling behawithr and without speech
through these different phases. Besides, it wasclsed that how to turn of the
gesture-only and gesture-plus-speech phases effélote understandability of the
gestural models for a third sketcher participantother reason of the different turn
application was to search which medium was betteronveying the thought and
generating the gestural models throughout thisystirdthe first phase of the first
participant, he was asked for modeling objects waitly his gestures and in his
second phase he was asked for modeling with haridmscand speech. On the other
hand, in the first phase of the second participang was asked for modeling the
objects with hand motions and speech and the segbasge of her, she asked for

modeling just with hands.
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The whole modeling process was recorded via twocoaters, one positioned
opposite of the participants, the other one washentop of the participants’ head.
Every participant executed the study alone and tiene asked to explain the given
3D physical configurations via hands motions.

Second pilot study was conducted with a differestta§ models designed by taking
some of the observations in the first pilot stuatpiconsideration. During the second
pilot study, the new revised 3D physical models evgiven to the participants
(Figure 3.2). The participants’ whole gesture-only and gesplus-speech processes
were performed with these 3D physical models. Deffe from the first pilot study,

there were a (3x3) cm. reference grid on the tdbleng the process.

Figure 3.2 :Configurations of the Second Pilot Study.

In this second pilot study, an architect sketclatigipant was involved in the study
for a different task. He was asked for watching tmaoticipants’ certain gestural
modeling videos and then he was asked to sketctutdbe real models from their
gestural statements. One purpose of this task evasdrch the understandability of
the gestural models which were produced with omlstgre and gesture-plus-speech.
The other purpose was to test reliability of thgementer's observations. He
watched some videos that include gestural modets ren sketched about these
models to represent the real 3D physical modelsagith paper and pencil. In this
sketching process, the participants’ videos werdcheal to the architecture
participant in two phases. First of all, videotapéshe 3D physical models divided
into two groups according to their morphologicahsarity. In the first phase, first
group videos of the modeler participants were waddo the sketcher participant as
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only gestural, then he was asked for sketching tHanthe second phase, second
group videos of the modeler participants were weddo the sketcher participant as

gestural+verbal, then he was asked for sketchiegnth
Implications of the second pilot study:

First of all, it can be said that when the studgdre participants were do not have
any experimental knowledge about such a study mtiaki first few models they tried
to get used to the modeling act. After several nmdbey became familiar with the
process and the study, so they started to modek ratiiciently, explicitly and
relaxedly. Therefore, participants learned the rlindeprocess and they mostly
modeled the next shapes faster. Also, when théghia the first phase, they learned
the shapes and they modeled better in their segbaske. With this implication about

learning effect, phases of the main study wererorga differently.

During this second pilot study, there were moreistio] well-produced and

proportioned 3D physical models and some configomatof them, for this reason it
was observed that participants generally perceiliede materials in a similar way,
thus the perception differences and misunderstgsdivere prevented arising from

the different material features and textures.

Participants behaved differently during the gestmly and gesture-plus-speech
phases. The first gesture-only phase, first modeeticipant examined the physical
models for a long time and his gestural models tds& a long period of time. He
tried to give all of the information via hands hetfirst gesture-only phase and it was
an unfamiliar study for him. But, in the secondtges-plus-speech phase he relaxed,
he learned how to overcome the process of the nmgdeia hand motions and also
he learned the 3D physical models better. Becauds¢h® first application’s
acquisitions, he modelled these objects in a divod. Second modeler participant
first modeled with her hands and speech, it wageés explain the models via
hands and speech for her, because it can be asskaiethe speech helped her.
Furthermore, she had the opportunity for givingitifermation with two modalities
in this first conversancy process with the objelttsvas observed that she modelled
faster in the second phase, although she first headevith hands and speech.
Second participant’s gesture-plus-speech phas# {tirn) was faster than the first

participant’s gesture-only phase (first turn) asetitaken. Also second participant’s
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gesture-only phase (second turn) was faster thaove gesture-plus-speech phase
(first turn) in its own right. Hereat, it can beted that whether speech comes with
gesture or not, they modelled in the second phtsster and more rationally, so
there was a learning effect in their modeling pssceBecause, they modeled the
same 35 3D physical models two times seperatelyeréfbre, a selective
combination was built for eliminating this learniedfect in the main study. Four
architect participants modeled different 3D phykioaodel sets for once with

different orders and phases in the main empiritcedys

In architect participant’s sketching task, sevetadervations were carried out. It can
be noted that it was important in terms of compnsfi®lity of the real 3D physical
models, participants’ gestural modelings shouldclear, holistic, well-defined. In
addition, these models should give the whole infdrom about shape completely.
For instance, if the modeler participant did nofirde the true coordinate plane,
thickness, and accurate geometrical words, theclsgetwas misdirected. If the
modeler repeated the motion again and again imibeeling process, the sketcher
confused with the model and he could not sketch rdked model accurately.
However, mostly in the gesture-only phases, théqgyeants’ gestural models were
more holistic. They did not speak in these phaseghey could not use the wrong
words about the shapes. Hence, sketcher participastnot misdirected, he could
understand better the real models in the gestusegirases. For this reason, it was
decided that the gesture-only phase should takee @gain in the main empirical

study.

3.2 Main Empirical Study

The main empirical study was conducted with a tdtalr expert architecture

participants who are graduate students from difffereniversities such as Yildiz
Technical University, Selcuk University, Erciyes ildrsity. These four modeler
participants were labeled as P1, P2, P3 and PA4ddition to them, there was an
external reviewer included in the study, who skettlabout the possible physical
models of the real 3D physical models accordingthte modeler participants’

gestural modeling videos. They have been practitbngamong 3-7 years. P1 has
been running his own architectural office and P8 s&nior-designer in a well-known

architectural firm. P2, P4 and the external revieare employees in three different
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public organizations. In the selection of the amtture participants, the decisive

factor was that participants should get having engsor of Architecture degree.

Here, 3D physical models were divided into two sa$sSet A and Set B for
eliminating the learning effecFigure 3.3). All participants modelled one shape for
once. Every model sets contain 16 3D physical nsodehich have similar
morphological features, contextual complexities andles across the groups. For
example, there were linear configurations, flatfaes, single and double curved
surfaces, primitive shapes for both model grougserd were totally 32 physical

models, thus three of the 35 3D physical modelsswgnored as it was seen that

participants had difficulty to model them in thesed pilot study.
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Figure 3.3 :3D physical models - Set A 3D physical models — Set B

Two different study phases were performed as ‘gestnly phase’ and ‘gesture-
plus-speech phase’ in the main empirical study.s&hphases were conducted
according to a specific selective combination loggcexplained belowlable 3.1).
Here, speech was allowed in the gesture-plus-spaeates, but it was prohibited in
gesture-only phases. The purpose of this approashta investigate what kind of
information would be conveyed by gestures and dpehaing these modeling
processes. In addition, it was aimed to comparsetlo®nveyed informations with
each other for searching similarity and paralleligfor both phases, the gestural
statements were the first priority medium. Paraaifs were informed about that they
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should give the maximum information about shapeth wheir hands. Because,
participants were instructed to generate gestarédseir statements.

Table 3.1 :Table of the participants’ selective combination.

Participant Set A Models Set B Models
P1 1. Order — Gesture-Plus-Speech 2. Order — Gesture-Only
Phase Phase
P2 2. Order — Gesture-Plus-
1. Order — Gesture-Only Phase Speech Phase
P3 1. Order — Gesture-Plus-
2. Order — Gesture-Only Phase Speech Phase
P4 2. Order — Gesture-Plus-Speech 1. Order — Gesture-Only
Phase Phase

» First of all, P1 (Participant 1) studied A set misda the first turn as gesture-
plus-speech circumstance. Second, he studied Badtls in the second turn

as gesture-only circumstance.

* P2 (Participant 2) studied A set models in thet fiten as gesture-only
circumstance, then she studied B set models irs¢leend turn as gesture-

plus-speech circumstance.

e P3 (Participant 3) studied B set models in the furmn as gesture-plus-speech
circumstance, then she studied A set models irséfoend turn as gesture-

only circumstance.

* P4 (Participant 4) studied B set models in thet fitsn as gesture-only
circumstance, then she studied A set models irséoend turn as gesture-
plus-speech circumstance. Thus, with these ciramass the learning effect
could be eliminated.

» Lastly, the external reviewer watched 32 -chosesstigal shape modeling
videos as gesture-plus-speech and gesture-onlgplaasl she sketched about
these gestural modeling videos for the purposeeokrating the real model

with sketches.

The object described to the participants was toegga the best and the most
accurate gestural model of the configurations wexe given to them with the aim of

a different participant would watch these videosl d@ry to re-model the real
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configuration from their gestural statement. Onetloé major purpose of this
experiment was to assess whether participants faerdiar with gestural modeling
techniques and behaviors. Participants were nttuicted about any modeling type,
start point or shape description style with theppse of finding out whether the
participant had a specialized modeling behavior tordexamining is there any
similar gestural behavioral pattern between thaitgcture participants.

The whole modeling process was recorded via twocoaters, one positioned
opposite of the participants and the other one @rashe top of the participants’
head. Every participant executed the study alowketlagy were asked for explaining
given 3D physical model configurations via hand iomd. There was no time limit
and they were not allowed to taking notes and dskejches while examining the
real 3D physical models. It was expected from thtamgive the maximum

information with their hands in modeling processheif task, modeling

circumstances and turn of the phases were explénesa clearly.

The procedure of the main empirical study can lmensarized as follows:

* The experimenter gave the written design brieh®garticipant. There were
several questions about the participants’ backgiamd individual data. The

participant viewed and filled in the form this dooent.

* The experimenter explained the brief to the paréint. The experimenter

provided a feedback about whether the participadetstood the study.

* The participant was instructed that (s)he was requto model several

physical models with the help of hand motions & 3D space.

* The participant was informed about (s)he can exanmndetail the given
physical models and can see them during the wholgeling process as so

the models could not stay in camera angle.

« All these studies were conducted with one partidizd a certain time in two
consecutive phases as defined above that were dedetbased on the

participant’'s available times.

* Every physical models were given to the participahiands one by one.
First, the physical model was given to the partoifs hand, then (s)he

examined the shape carefully and lastly, genertdtedyestural model of the
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real object with hands. P1, P2, P3 and P4 modéledvhole A and B set
physical models via their hands as explained cistantes above.

e Participants’ gestural modeling videos were cutGamtasia Studio 8 —a
video processing program- as only modeling proasss be seen in the
screen. Then, 32 gestural modeling videos, whicgtceted as gesture-only
and gesture-plus-speech were selected as mix. ¥idemye arranged as
including the whole four participants’ statementsl &oth gesture-only and
gesture-plus-speech phases for elimination of iegreffect.

« Then, in the last session the external reviewetistlion these 32 videos. She

watched these gestural shape modeling videos atdngld about them.

3.3 Analysis

The gestural models of the participants were exadior finding answer of three
main research questions as followed; (1) How thegpeh were modeled by gestures
under each of the circumstances? (2) To what exetrtiitects can represent a
shape/form via gestures under each of the circuroet®? (3) What shape/form
information was conveyed via gesture under theugesinly circumstance, and via

gesture and/or speech under the gesture-plus-spgeamstance?

For the purpose of developing an understandinghi®Iifirst research question, every
gestural modeling videotape -generated for everypBisical model- was watched
once and again session by session. In totally,yeparticipants’ protocols contain
description of sixteen models via gestures andesixtmodels via gesture-plus-
speech. Therefore, for each participant, the modedif thirty-two physical models
were examined. That is to say, there were totally loundred-twenty-eight modeling
videotapes for four participants. First, all of tideotapes were watched by a clear
and naked eye for examining the question of howigiaants modeled shapes with
their gestures. All of the participants modelingqasses were observed by taking
notes and producing sketches by the experimentroer. Architects’ 3D gestural
shape modeling protocols were investigated accgrdm their similarities and
differences. 3D physical shape knowledge, which wgamed before by the
experimenter, was ignored. The experimenter twetbimprehend and sketch the real

3D physical models according to the participanestgral modelings.
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Then, with the aim of providing an understandingtfte second research question,
all of the videotapes were watched again carefélythe gesture-only phases were
compared each other and the gesture-plus-speecephgere compared in its own
right, based on the real 3D physical model and dbstural model. Then the
synchronized audio and video data were segmentedhen way of gestural
descriptions. The verbal data of the gesture-pbeesh phases was transcribed and
these transcriptions were attached as text to ¢leed gestural modeling video
frame. These text data was also compared with ¢éstugal modeling data by taking
into consideration conveyed information with theBeveral comparative analyzes
were presented as tables in the way of verbal astupl transcriptions and
conveyed shape information via them. Then, allhaf ¥ideos were watched again
and several hand sketches were produced accodlihg gathered information from

them.

Lastly, for providing reliability for the study, aexternal reviewer was included in
the study. Twenty-two gestural modeling protocdighe participants were chosen
from all of the four participants protocols as @ning the models generated in both
gesture-only and gesture-plus-speech phases. Tiherexternal reviewer watched
these 32 videos and she tried to sketch about shmatcomprehended about these
gestural models concerning the real 3D physical etsodThe time elapsed while
examining the real 3D physical models and gestomadieling act were noted for

each participants and for each 3D physical models.

In this part, the audio and video data collectednfthe participants’ modeling tasks
were segmented according to every meaningfull andes -gesture occurrences-.
There were some other body movements, eye moveraadtgye fixations during
the participants’ explanations, but these occueeneere generally ignored as focus
of this study was hand movements. Participantstugasmodeling behaviors were
examined by paying careful attention to the wayytheodeled different shapes.

These segmentations were executed as indicated:belo

e First every gestural model produced by the pawicip was watched and
examined according to the modeling characteristiosl they were

compared each other.
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In gesture-plus-speech phases, verbal descripbiiine participants were
transcribed and they were attached as texts toethted video intervals.
In addition, gestural descriptions of the 3D phgbkienodels were
transcribed and compared each other for everyggaatit and for every

modeling phase.

Every participant's modeling manner was comparedheather and
searched for looking whether there would be any radiaristic
similarities between their protocols also their tgesd models for the
same 3D physical models.

In all gesture-only and gesture-plus-speech phabkesprotocols were
segmented with regard to the modeling actions. Avdtching them, the
experimenter tried to sketch the entities describgdthe participants

based on the information (s)he could glean fromgsstures.

An external reviewer was requested to review videgments of the
participants’ gestural modeling videos in ordeséek reliability. She was
asked for producing sketches based on the infoomatathered from the
gestural models of the participants, the entithey twere trying to model

were represented via sketches by the externalwevie

Then, experimenter’'s (observer’'s) and the exteraalewer’'s sketches

were compared with each other for providing religbto the study.

In addition to above aspects, some further featwere looked at in the
protocols of the participants, one of them was titneall gesture-only
and gesture-plus-speech phases, time taken by d&necipants for
modeling the real 3D physical models were segmeatetl compared

with each other.

The participants’ verbal and gestural descriptiavere analyzed for
seeking what shape information was conveyed throtigim in the
gesture-plus-speech phases. With the same approagelsiural
descriptions were analyzed for looking at the infation conveyed by
gestures in the gesture-only phases.
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4. ANALYSES AND RESULTS

The first section of this chapter provides an ihsigto gestural modeling behavior
of the architects during the shape modeling procEss second section discusses the
similarities and differences observed in the gedtunodeling processes of
participants while modeling the various shapesigométions. The third section
presents the outcomes of the analysis of the sindp@nation conveyed by gestures
in the gesture-only modeling circumstance and ey dhstures and speech in the

gesture-plus-speech circumstance.

4.1 Gestural Modeling Behavior of the Architects

As outlined in the previous section, participanerevfirst provided as much as time
as they required to examine the physical modelthefshapes one at a time. In
review of this examination process, participantsenseen to be explaning the shape,
either in the form of whispering or as if descripito a listener for instance a
participant whispered “hmm, here some space oatcere have been increased”
while examining B6 shape. Another participant spalaud ‘I am learning now in
this way, actually, | am memorizing’ while studyin§8 shape. One of the
participants generally touched objects’ surfacehwihgers and experienced the
object via their tour around the object. Besideatippants used different hand
movements while examining planar, waved, edged @mded objects that have

different characteristics.

In this examining process, participants were seendtice the (3x3) grid system
which was not told to them and used this grid fazasurement of 3D physical
models by turning them over and over again on titegystem. After this examining
process, participants generally stayed silent fowhdle in both of the modeling
circumstances i.e. the gesture-only and gesturegpeech circumstances, as
understood from the comments they made after theysthe reason for this silence
was preparing themselves for the description phase.
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Figure 4.1 :Participants are measuring 3D physical models.

In examination of participants modeling behaviorileehmodeling various shapes,
some commonalities were found that almost all piints modelled in the way all
or most of the participants modelled each shapéfmmation and shapes or the
configurations with shapes that have similar phajisicharacteristics such as

configurations with linear elements, configuratiovith surfaces and etc.

Based on the commonalities in their modeling, aisvpossible to categorize shapes
into six major groups, which are hereafter refeti@és Group 1, B, C, D, E and F

respectively. The rest of this section outlines abservations made in participants

modeling of the shapes in each of these groups.

4.1.1 Group 1

3D physical models of this group can be seerFigure 4.2). This group consisted

of compositions with linear elements i.e. element®se one dimension is much
larger than the other two directions, and some monreplex configurations of them.
There were two types of sub-groups as 1l.a andSub-group 1l.a was ‘one-piece
configurations’ i.e. configurations which, if wete be drawn or modeled by hand
can be drawn/modeled by a continuous movement AR1B1, B2, B3). Sub-group

1.b can be described as ‘multi-piece configuratiarigch involves a number of one-

piece configurations (A4, B4, A5, B5).

While modeling the one-piece configurations, pgvaats mostly behaved like
chalking up on a blackboard with their thumbs andek fingers under both
circumstances (gesture-only and gesture-plus speBoby generally used their right
or left index fingers or both of them for modelingese type of geometries.
Generally, in the first step, one index finger toed the base plane and defined a
start point in the x plane, movement started whilk touch. In the second step, this
starter finger began to move in z plane. Then wieteorm the model has, the finger

followed this path in the gesture space. Lastlys finger finished the model by
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touching the base plane like defining an endpa@mhilar with the start point. To

give an example, P1’s gestural modeling for Al lcarseen inKigure 4.3).

Figure 4.2 :Group 1 Models

While modeling shapes, participants were seentenahake an effort to capture the
real proportions of the 3D physical models withithands, also they tried to express
these proportions in a correct and relational waiy their descriptions. For this

reason, they measured the real physical models thatin eyes, hands and with the
reference grid that took place on the table. Itloarsaid that this (3x3) cm. grid had
an important role in building of the spatial projams and relations of the gestural
models also, in measurement of the real physicalatso Participants frequently took

this grid as a reference for positioning their geitmodels in the space.

While they were describing wall thickness of theehlr objects, most of the
participants generally used their thumb and indegefrs. These fingers looked each
other, came closer and they took a form like keg@irthin object. They defined a
space or gap as a measurement style for descnintlg thickness of the objects.
Throughout the gestural modeling process, if (9&ee a measure with thumb and
index finger in the beginning of the modeling prexgs)he kept fingers as this form
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and followed the whole modeling path with this gapostly, they behaved like
chalking up on a blackboard in modeling of thegeetinear configurations.

8

Figure 4.3 :P1 was modeling Al.

1- Here, P1 was mainly depicting the start poirthefmodel and he gave the thickness of
the object.
2- He moved his starter fingers (thumb and indegédi of right hand) upward through z
plane.
3- His hand slowed down while he was getting ctosthe corner.
4- His hand paused for a little time and he rotétedhand in the first corner of the object.
5- He continued to the model as parallel to x plane
6- His hand paused for a little time.
7- He rotated his hand in the second corner obtject.
8- He moved his hand downward in z plane.
9- Lastly, he arrived the finish point and he taeathis fingers to the base plane.

Participants generally behaved similarly while déseg the multi-piece

configurations under both circumstances (gestuhg-amd gesture-plus speech).
When the configuration became complicated, theygsfed for decomposing the
configuration to the small pieces and later thagdtrto represent every small
component one by one in a certain reason. Firgy, segmented these type of multi-
piece configurations to the smaller componentstheg started with description of
the first component. Next, they modeled the secomel Then they constructed the

whole model by positioning the other componenthé&configuration relatively.

34



In addition to the modeling similarities, there wesome differences resulting from
the configurations. For instance, in modeling of tiorizontal A3 model, different
from the vertical ones, they positioned the objack plane like in the real view.
They also started with an initial point and theidex finger followed the objects’
path in x plane by touching on the table and theiglied the model with an end

point (as seen iRigure 4.4).

Figure 4.4 :P1 was modeling A3.
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Participants tried to give the correct spatialtretes of the components by measuring
with hand or eye. They kept eyes on the 3D physieatlel during the gestural
modeling, took references from the model and madktty generated their model by
one-to-one tracking. All participants modelled Bda similar way except P2. They
behaved like there was an invisible central panthe middle of the object. They
positioned four arcs as turning on this center with degree angle. They first
modelled one arc in the gesture space. Then thsjtipeed the second arc in
configuration by considering the central pointetathey added a third one and the
last one with the index finger. However, P2 moakB differently from the others
by using two handsHgure 4.5. First of all, she perceived whole configuratesa
dome and she described a dome in the gesture sjitadeer two curved hands again
and again. She began to model the first arc byirsgawith the peak point and then
going to the two points, that arc touched on tlamel Later, she modelled other three
arcs with the same approach and she positioneaf #lem by considering the real
3D physical model. P2’s detailed B4 modeling precasd gesture transcriptions can

be seen below.

Model A5 and B5 are similar but they have differpraduction methods. In A5, six
small piece of materials bear a piece of rectamgiteeme. B5 is an object that
consists of four rectangular frames which one eags cut. Moreover, B5 has six
small piece of materials between these four cutirgular frames. The objective of
generating these models with different productioathnds was to explore how
participants would model these objects. In addjtibrwas searched that whether
such production method diversities could cause pogsible differences in the
gestural modeling approach of participants. As etqek participants were aware of
these production differences and they behaved ditgpto them. However, it can be
added that in the second pilot study, non-archpecticipants could not notice these
details, this two participants modeled two shapedaly. So, architect participants
paid more attention to such details about the t¢bjewore than the non-architect

participants.

Participants drew some vertical columns via theunmb and index fingers from the
base plane through the gesture space in the z gdlaneg the modeling process of
the model A5. Then, they drew the rectangular fraeenent on the top of them as

the columns were still there in the air. In modgliof B5, they firstly generated
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vertical rectangular frames with the same apprdaoim x to z plane, then again

through x plane like chalking up on a blackboardtek, they positioned the second
vertical frame according to the real distance betwthe first and the second ones.
They tried to position all these vertical compoewith the correct relations and

proportions. Later, they described the horizontatemal pieces that took place

between the top sides of the each rectangular faifieey closed these horizontal
gaps by drawing linear elements with their indexyérs.

Figure 4.5 : P2 was modeling B4.

1- Here, P2 first defining a dome with her two @adhhands.
2, 3, 4, 5- P2 depicted the dome form again anthaga
6- She started to model the object from the peaht porough downward where the arc was
going towards x plane.
7, 8, 9- She combined her thumb and index fingee&eh hands separately and follow the
path of dome. She arrived to x plane, the finisimipaf the arcs.
10, 11, 12, 13, 14, 15, 16- She repeated this mdtioevery arc of the dome.
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4.1.2 Group 2

3D physical models of this group can be seerFigure 4.6). This group consisted
of the configurations including simple linear elarteeand flat surfaces. Participants
experienced a different type of geometry in thisugy, because lines turned into
planes by laying together and participants facetth wurfaces in this model group.
As expected, hands of participants exhibited sonféerent behaviors while

modeling these type of physical models.

Ab

Figure 4.6 :Group 2 Models
Most of the participants’ fingers exhibited a sinibehavior during the flat surface
modeling processes under both circumstances (gestly and gesture-plus
speech). All of the fingers came closer to eacleroind constituted a contiguous-
finger surface while investigating and describingese geometries. When
participants handled the given models at once, sayed to lead around the object
by contiguous-finger surface. It can be said tha¢rnvthe surfaces and proportions of
the closed parts were increased, they started éowle hand than the singular

fingers. Also the participants’ hands tried to behbke objects’ surface.

In modeling of A6, they frequently positioned thist vertical wall plane via hands,
secondly they turned the hand’s surface by gemgyath overhead plane top of the
object, then the fingers got on the stage againgkmerating the small vertical
columns. They drew these small pieces by usingxiticgier from top of the object

through the base plane. The architect participamai:mmented about the space

occurrences of these planar physical models.

In modeling of B6, they reported that this modebwaore challenging according to
the previous models. They found it difficult becadisere were more complex spatial
locations also there were different proportionalterial pieces even though all of
them have a relational proportion. Moreover, thag o measure the horizontal and
vertical gaps and needed to organize the wholecblgjecording to these spaces.
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Besides, they had difficulty in keeping the propmrs and locations of the pieces in

their mind.

Figure 4.7 :P2 was modeling B7.

In modeling of B7, they also used hands’ surfadeg, firstly they started the
modeling act with index finger or fingers. Firstalf the fingers started to draw the
circumference of the hemicycle in gesture spaceh vabnverging each other
prominently. Same as before, the action startech fxgplane, later moved through z
plane and turned back to x plane for stopping tlegion. After fingers’ action,
participants described white surfaces via their l@ih@nd. It can be noted that they
were aware of this white-color surfaces and theymented about them.

For example, P2 can be seen above as modelindg-iBdré 4.7). She first defined
the diameter of the hemicycle on the table. Thea,drew two hemicycles in gesture
space with her index fingers. Later, she desciigesurface of the hemicycles with
her two hands and adjoined fingers. Her two hamdsved like touching on surface
of the object and they defined the oblique posibbthese hemicycles. So her hands
became closer and turned 45 degree and her thumtised each other.
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4.1.3 Group 3

3D physical models of this group can be seerFigure 4.8). This group consisted

of the configurations including the single and deuturved surfaces.

Figure 4.8 :Group 3 Models

In modeling A7, P1 and P4 behaved partly similaeytswept surface of the object
with the hand like touching on the surface of it.fibgst, hand was vertical to the base
plane and the little finger touched this planentirand started to move through z
plane, turned, defined the cylindrical surface,ntlierned again and stopped the
movement with thumbs’ touch to the plane. Althoutjtere have been some
similarities in participants’ A7 modeling, there ngecertain differences, participants

comparative A7 modeling can be seen in Appendix B.

P3 used her two hands in modeling A7 and theseshhad a different position and
action figure 4.9). The palm of the hands looked to the x plane,fithgers were
curved and adjoined. Two hands were articulated badack. All of them defined
the length of the object via two hands in the ehndo hands were vertical to the
plane, the little fingers touched the plane ang steowed a distance about length of
the object. Her hands moved on the base planeslitieng and described the curved

surface.
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Figure 4.10 :P2 was modeling A7.
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P2 behaved differently in the modeling of AFigure 4.10. She started to model
with drawing a hemicycle in z plane with right ixdénger. Then her two hands’
fingers took the form of an adjoined and straigiffacce. Beginning with the first
hemicycle, she moved her hands forwardly as thke lfinger touched the plane
horizontally, in other words slid her hands throutje length of the cylindrical
surface. Lastly she defined the length of the serfaith putting her adjoint hand to
the endpoint of the object as the little fingerdioed the plane horizontally also she
hit the plane a bit drastically.

A8, B8, A9, B9 have a similar production methodhwi7, but these models have
more complicated forms and needed several diffes@ges in the modeling process.
In modeling of A8, different approaches were obsdrvTwo of the participants

behaved similarly, the fingers were adjoined aneytlpositioned them as four
fingertips were touching on the plane verticalhen the hand began to move slowly
through the curved path. Different from them, P8duker right hand while she was
modeling A8, the fingers were adjoined and handitipoged as the little finger

touching the base plane horizontaljigqure 4.11). Then she curved her hand along

the curved surfaces’ path in the base plane by wegdnorizontally.

Figure 4.11 :P3 was modeling A8.

P2 also behaved differerfiQure 4.12. Firstly, she drew the curved path in the base
plane with the right index finger. Then the fingevere adjoined for both of the
hands separately. Later her hands curved, the littigers touched the plane
horizontally. Then one of the hands stated to dter another by ones’ fingertips
touching the others’ wrist line. Participants’ caamgitive A8 modeling can be seen in

Appendix B.
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Figure 4.12 :P2 was modeling A8.
In modeling of B8, B9, A9 two of the participantsed their one hand, the other two
participants used their two hands. P1 and P2 statdleft hand as the little finger
touching on the table horizontally also the hand wertical. Then their right hand
came closer to it and became to wave horizontallgaallel to the base plane. They
gave the angle of constriction of B9 and A9 by tsafigure 4.13.

Figure 4.13 :P3 was modeling B8.
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A15 and B15 have an upward curvature in one dowaciind a downward curvature
in the perpendicular direction. It was difficultrfparticipants to address and attach
two surfaces that behave differently by hands. édeing of B15, they first usually
drew the curvature surface in x plane, as it wasgit. Then they held it with hands
and put in the air. Then they put two diagonalexss and stretched them to upward,
later held the other two diagonal vertexes andtcdtesl to the downward of the
surface. P4 emphasized the different action of wedexes with her fingers in
modeling of B15 and she stretched the two diageegkxes upward and the other

diagonal two vertexes to downwafigure 4.14).

In modeling of A15, they drew the curvature fornxiplane, as it was straight. Then
they followed the same approach with the modelih@b5, but in the end, they
emphasized the beams that supported the curvatufecs. They modelled these
beams via their index fingers, from x plane throubk z plane. P4 especially
underlined stretched sharp edges of A15 and skehslf hand on the curvature
surface of the object like it was there on thebgitouching it in the end of modeling.
She tried to give the accurate curvature dimensitonssliding her hand on the

invisible modelled objects’ surface.

Figure 4.14 :P4 was modeling B15.
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4.1.4 Group 4

3D physical models of this group can be seerfFigure 4.15. This group consisted
of the configurations including the primary solidagnetries. It was aimed at here to
look at how participants would model these typeclolsed geometries, how they

would give the closeness information also heigfdrimation of the objects.

Participants were faced with closed solid geometimethis group. They generally

tried to give the height value and the organizatbthe surfaces by their hands and

adjoined fingers.

Figure 4.15 :Group 4 Models

In modeling of Al1l, firstly all of the participantaostly drew a square as the basic
component of the cube on the base plane. Aftenitiefn of the bottom peripheral,
they held this region with hands from the edgegestexes and stretched via motion
of the hand in z plane (see al§agure 4.16, Figure 4.1). The finish of the objects
frequently were given by motion of the hands likéting something in the air by
moving from one side to another. Furthermore, hautssionally behaved like that
in depiction of the objects’ end, they were patdlbethe base plane and came from
above and restricted the objects’ length.

Sometimes, it was observed that the fingers wejeireati and the hands took a
straight form. Thereafter the hands defined thdases of these geometries like
touching on the surfaces that hung in the air. dated A1l by directly defining
the surface geometries with her hanBgre 4.17. She modeled all of the closed
surfaces by hands and in the end, she closed theviith her hands’ finish motion
on the top side of the object.
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Figure 4.16 :P1 was modeling A11.

Figure 4.17 :P4 was modeling A11.

If the model has a volume that can be created tBtching a shape in a certain
coordinate plane, most of the participants spetiftee contour of the shape and
height information separately for instance firstldrew the silhouette or shape then
stretched it in a certain coordinate plane. Theyewsuccessful at this type of
modeling. There were several primitives in the ipgrants’ minds and words like
cylinder, prism, cone, polyhedra or pyramid, beeaasr physical models contain
these type of ruled geometries. According to tlhisepvation, it can be said that if the
configurations have regular geometries, they weaglye understood and modelled
maybe it resulted from the geometrical educatiockeound. On the other hand,
maybe mind can easily give the meaning to the géwseif there was a visible
regular logic.
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4.1.5 Group 5

3D physical models of this group can be seerFigure 4.18. This group consisted
of the configurations including the forms generateith several subtraction and
union operations. In modeling of A10, participastarted with short square object,
later they stated the model rectangular solid & ¢brner of the first short square.
The finish of the solid object defined with the endtion of the hands once again.

Figure 4.18 :Group 5 Models
In modeling of B13, all of the participnats follod& new path as union of three

different objects. They modelled B13 step—by-step. firstty modelled the small
piece as (2x2) unit, next he modelled the piec& mace in the middle as (2x8) unit,
then the last one as (4x4) unit by sweeping all dhdaces by hand. Lastly, he
described the thickness of the object by his twadsaHe joint his fingers, he gave a
vertical position to his hands and defined thekihéss of the object by their distance.
P2 first gave the thickness information of the €hhy left thumb and index finger
then she modelled this object by drawing the si#tteuin z planeRigure 4.20. P4
situated the model more verbally, she mentionetltttexe was a significant visible

proportion, second piece (4x4) is double of thelsare (2x2) and the biggest one is
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double of the middle one (4x4). P3 modelled Bl3fedently by subtraction
operations. She first modelled a whole object asctangular prism. Then she drew
the pieces -which will be subtracted- on it asaisvetill there in the gesture space and

then she subtracted the right and left pieces ftqiFigure 4.19.

Figure 4.19 :P3 was modeling B13.
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Figure 4.20 :P2 was modeling B13.

In modeling of cut objects as A13 and B11, the nsamilid geometry was generated
at first, next the cut-piece was thrown away. Agesin that it was hard to model
B11l for some participants, in this case they frs¢ndered the silhouette of the
object in 3D space vertically then stretched tiegion by hands. If the geometry
have oblique surfaces like A13 and B11, participdsggan to move their hands as
this form while defining the related surface. lesk oblique surface geometries, they
generally swept the oblique surfaces with theirdsasuccessfully but they could not
define the 3D geometry of the surfaces. For ingaimcmodeling of A13 they could
not draw the oblique surfaces with their handsng plane, they did not even try.
The reason can be that definition of these geoewetequires secondary, tertiary
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supportive lateral planes. In the first pilot stuglyst one of the participants -he was
not an architect- he was a lawyer surprisinglydtaedifferent way for modeling B11,
by rolling out it in x plane. However, in the sedomilot study the architect
participant who watched his modeling video, he dawbt understand this gestural

model from opened-position of the shape.

Figure 4.21 :P3 was modeling A13.
Modeling of X1 was challenging for all participanbecause it has multi-operations

and a more complicated surface geometry. Partitspanodeled X1 in both
circumstances; gesture-only and gesture-plus-sp&éair modeling behavior was
observed according to their performance. They comeaeabout the difficulty of
this physical model, they sometimes missed thaeadpatations of the subtracted and
added parts, but mostly they positioned these padsrately. When they missed the
relations, they needed to organize the model addiry first modelled the whole
cube then they tried to describe all operationsedugedge. While describing these
subtraction and union operations they behaved the whole cube that they
modelled before were still there on their gestuvatking space. With reference to
this cube they organized their hand motions andwee the operations step by step.
They emphasized the need about visibility of thgsptal model-X1 throughout the
modeling continuum and they always tracked theéblasobject by their eyes.

In modeling of B14, they firstly modelled the whaphere. After modeling of the
sphere, P1 drew a vertical cut with two hands’ inflagers by constituting a 90

degree angle and took this sphere segment. P2 4mdtdwv a curved cut on the
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surface of the sphere as the sphere was still,therey in the air, next they took the
cut segment. P3 did not draw a cut, she directlgl tree sphere segment with right

hand and took it from the sphere in the air.

In modeling of Al4, participants divided the objéztthree parts and segmented the
modeling process too. In the first segment, thesitipmed the first and the biggest
cylinder bottom. Next, they positioned the secornydinder on it and the last
truncated-cone was placed to top of them. Whileegating the forms they firstly
drew the circumferences in x plane then stretcled form through z plane and

stopped with cut movement.

X2 was a challenging model for participants, beeausas an irregular form. Two
of the participants studied this object and it washard them to organize different
surfaces of the object. This was an expected &tuaecause this 3D physical model
has a duty about measuring the challenging of &s&. tit was aimed at with this
model to see, how the participants would model sushape which have no regular
geometry? Where challenging became visible in tlestugal modeling of the
objects? This model has irregular and dispropoationblique surfaces and
participants had a difficulty to describe them.dtme reason of having difficulty to
explain X2 was that there was no regularity as dsmnal and orientational plane
for this object. So, they needed different coortinplanes for describing this
object’s oblique surfaces. Differently, one of tparticipants tried to model this
object with several subtraction operations. Shet finodelled an approximate
complete object then she began to cut this compdeject with oblique hand
movements and she cut various pieces and threw fmaraythe object. But there was
not a holistic and continuous surface relationen imodel. Another participant tried
to model the mesh of the shape, but she did natigmosd accurately the vertexes
and they were not continuous. Expectedly, thestugdanodels could not represent
the real 3D object as containing the whole shafsenmation. When participants saw
this shape, their first reaction was like that ‘Mmah my god! What's that?’ P4

wanted to pass this model and she said that sHé noticomment about this object.

4.1.6 Group 6

3D physical models of this group can be seerfFigure 4.22. This group consisted

of the elements including the ellipsoid forms.
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Figure 4.22 :Group 6 Models
In modeling of B16 and Al6, participants had simagproaches. They mostly put

their fist on the table and defined the objectabglogy. While they were using one
fist in modeling B16, they used two fists during ttmodeling of A16. These forms
have dimensional transformations. Participants glye emphasized the

transformed shape of these ellipsoid forms and teeshow the joint of the two nods
by hands in A16.

4.2 Comparative Gestural Shape Modeling Results de Participants

With analyses of the individual shape modeling @ecots for every shape and every
participant, significant similarities were observiedthe modeling behavior of the
architects under both circumstances (gesture-ontly gesture-plus speech). Some
hand movement resemblances were resulted fromehairc characteristics of the
shapes. Also when compared with second pilot stuuigh was conducted with two
non-architect participants, specific ‘architectusthtements could be seen.

There were some modeling similarities and diffeesnbetween the architects. They
can be listed as:

* When a 3D physical model was given to the partitigahand, first of all

they tried to understand it. They tried to measheeobjects’ several parts.

» If the 3D physical model was a simple linear confagion, they behaved like
chalking up on a blackboard with their thumbs amdek fingers in gesture
space.

* While the participants were describing the waltkimess of the linear objects,
they generally used their thumb and index finger.

 If the 3D physical model was a multi-piece confafion, they first
segmented the object to the small components anekdtwith description of
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the first component. Then they constructed the etuddject by addition of
the other components to the configuration relayivel

If the shape became a surface, they started tthegewhole hands’ surface,
they adjoint their fingers and they behaved as higr on surface of the

object while modeling it.

Their second hand supported the other one for githe height information
or positioning a different piece of object. Sometsrone hand was primary

and preferred.

If the configuration was a complex form, they filged to decompose it and

they described the small components one by one.

If the shape has a ruled geometry such as culkiadey] prism, cone etc. they

spontaneously made a mention of the special narnte of

If the shape has not a ruled geometry, participhatsdifficulty to model it.
When complexity of the shape increased, challendgiegame visible and

participants mentioned about this difficulty.

If shape has various different proportions and noamplex spatial relations

as horizontal and vertical, participants had soiffewlty in modeling it.

If shape has two surfaces that behave in diffastanénsions, participants had
difficulty in overlapping and organizing these difént dimensional relations,

for instance in hyperbolic parabolic shapes.

If 3D physical model is a form, which was generdbgdstretching a certain
geometrical shape in a certain coordinate plansqaare to cube, circle to
cylinder, triangle to triangular prism, rectangle tectangular prism,
participants first drew the basic shape (squang|egitriangle, rectangle),
next they stretched the source shape to 3D formey Thostly exhibited a
finish motion with their hands in this stretchingotion, so they restricted

height of the objects by hands’ horizontally slglimotion.

If 3D physical model is a shape generated with seni#raction and union
operations, participants firstly modeled the magurse object with their

hands then they implemented the related subtraatghunion operations to
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this object. They threw away several cut-piecemftbe source object or they
added some pieces on it.

Participants behaved different in gesture-only agesture-plus-speech
phases. There were controversial comments abowckpasage in the
modeling process. Some of them argued that spemilitdted the modeling
process while giving the quantitative explanatiatescribing some un-ruled
geometrical forms and reflecting the special nanmiethe several ruled
geometries. Other Group 1lrgued that they had diffran using speech with
gesture. They confused about organizing these rdiffemodalities. They
tried to make a meaningful sentence on one hantheonther hand they tried
to organize hands for giving the maximum informatabout shape. So, there
were controversial comments about speech usageif Bigt compare all of
the participants’ verbal descriptions and informatconveyed by them, we
can said that speech conveys quantitative infoomadistance, size and
measure) about the objects and reflects speciak radrthe ruled geometries
such as cube, cylinder, pyramid, prism etc. Desfhite, several gesture-
speech mismatches were observed in participantsogols. This issue will

be explained in detail below.

When speech got involved in the modeling procdeesy started to use speech
for defining several features of the objects viaAithough the speech gave
some important information like size, name of thxgeot and the proportion
quickly, some gestural expressions became loste8omas, the participants’
hands hung in the air, they hesitated about thé werd and the next hand

motion. There were a visible gesture-speech asgnghr

Although speech has numerous contributions andcedsm with gesture,
there were various mismatches between the pamitspgestural modeling
protocols and speech. For example, the modelencipamt sometimes
mispronounced name of the geometrical objects. ¢l the word ‘cylinder’
for the ‘rectangular prism’ and he modeled a regtigar prism with hands or
he used ‘circle’ for ‘sphere’ and modeled a spheitt hands or ‘circle’ for

‘circular region’ and drew a circular region withrids in gesture space.
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* They were also some individual differences in modeprotocols, but these

differences were generally ignored and holisticepbations were carried out.

e Participants behaved differently in some verticalburved surface
descriptions. While one of them curved his/her haodzontally as little
finger touching on the table, the other one firstied a curved path with
index fingers on the table and then swept the p@th adjoint fingers
vertically. On the other hand, the other participaurved two hands and put
them on the table like positioning on the curvethes little fingers touching
on the table.

 When compared with non-architect participants efsbcond pilot study, the
architect participants paid more attention to tagis, they were more aware
of spatial proportions and relations, and also 3x& plane. Non-architect
participants realized the grid plane in tenth aifiédnth gestural modeling.
The architect participants thought over more abihét real size of the
objects’ width, length, height and they tried toggthe correct value of them
by hands and speech. The architect participardgd td model the objects in
the current coordinate plane that object positipnkedt non-architect
participants’ gestural models were mostly generatethe air regardless of
the coordinate planes. But when non-architect @pents realized the grid
plane they paid attention more to model the objéttsurrent coordinate
plane and they became to measure the real 3D p@ihysdgects via this grid

plane.

Body is one of the mediums that people interadh aitd perceive the world via it. In
this study, when a 3D physical model was giverhi garticipants’ hand, they first
touched it, they learned and saw it by their “hah@ye” (Hostetter et al., 2007).
Later, their first ruler was their fingers; theyett to gain the size information with
their fingers at first. They interacted with thejexth by way of movements of their
hands. So “gesture may be a ‘hand’s eye’ that i-onty helpful for others, but one
that is also helpful for ourselves” (Hostetter &t 2007). There was a significant
point that gestures benefited to both the modealedsthe sketchers (the observer and
the external reviewer of the main empirical stuthy)different ways and types. In
other words while one type of gestures helped tloelaler participants more, the

other type of gestures helped to the sketchers.nSmme gestures that the modeler
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participants produced before the modeling procegseld them for positioning their
mental gestural models on the gesture space. Tkhagrgted some meaningless
gestures while trying to produce spatial relatiofisese gestures were meaningless
for the observer and the external reviewer, buly tfecilitated to the modeler
participants for thinking and constructing the sgdatlomains. On the other hand, the
visible, clear and meaningful gestures helped ¢éodibserver for comprehending the

real objects.

Besides, several important observations can beoadthat the external reviewer
could respond the gestural models more quickihef tnodeler participant used true
descriptions about size of the shapes, spatidioekand proportions. In this case, in
addition to the external reviewer, the observeregaly understood the real physical
models easier, too. But, when the object becamez momplex and the modeler
participant could not describe the model step bp sbmpletely and (s)he could not
give the right information about the shapes, theéereal reviewer could not

understand the object and she could not sketchtabaorrectly. So, complexity

level of the models was a challenging point forriedeling process.

In this section, participants’ comparative gedturaodeling video frames were
presented. Especially, strictly visible similargiand differences were illustrated in
this chapter. In spite of the overt several diffees and diversity, there were a
considerable amount of modeling similarities betwethe gestural modeling
behavior of the architects. For instance, giving bieight information, requirement
for drawing the shapes, hand waving during the edirobject modeling and
endeavoring to stretch the forms that has a voletoeAlso, using two hands when
the number of the surfaces increased and usingosiiyg second hand while
describing extra information can be given as exasplf the modeling similarities.
Here, several remarkable examples were exhibitetithe other important video
frames were added in Appendices. In these videmdraegmentations, it was
observed that some similarities were resulted ftbencharacteristics of the forms
and objects such as production method, surface gepnOtherwise, most of the

participants’ gestural descriptions have similatdees.

In participants A1 modeling, they generally behasedilar, three of them used one
hand except P4. The singular linear geometries weoeeled like drawing an

invisible line in the gesture spadeédure 4.23.
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+speech 1. order

P2 gesture-only 1. order

P3 gesture-only 2. order P4 gesturetspeech 2. order

Figure 4.23 :Participants’ comparative A1 modeling.

While watching the participants’ gestural modelprgtocols, several hand sketches
were produced as observer, according to the gathefermation. An external

reviewer was requested to review video segmentshef participants’ gestural
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modeling videos in order to seek reliability. Shaswasked for producing sketches
based on the information gathered from the gestmadlels of participants, the
entities they were trying to model were representiedsketches by the external
reviewer. Observer’s sketches were compared welettiernal reviewer’s sketches.
There were totally thirty-two gestural modeling fo@ols for all participants as
gesture-only and gesture-plus-speech. Observerthenéxternal reviewer watched
32 -chosen- gestural shape modeling videos asrgestius-speech and gesture-only
phases. These 32 videos were arranged as contair@ngodeling protocols chosen
from all of the four-modeler participants. Obsenamnd the external reviewer
sketched about these gestural modeling videos éoemting the real model with
sketches. Results of their sketches showed thattywsex out of thirty-two sketches
for the external reviewer reflected the real phgisimodels. Twenty-seven out of
thirty-two sketches for the observer reflected b physical models. So, there was
approximately a ratio of sixty percent for all bietthirty-two shapes in the way of

modeled correctly.

Besides, it can be emphasized that there were sumeessful sketches with regard
to containing the quantitative information abowgtdnce, size, measure and name of
the shapes in videos of the gesture-plus-speectephBecause, it was an important
point for all the protocols that speech mostly gdlie quantitative information
(distance, size and measure) about shapes andteeflepecial name of the ruled
geometries such as cube, cylinder, pyramid, prisin/Ag this point, while observer
and the external reviewer were sketching about viteos of the modeler
participants, these extra informations providecetidn understanding to them. Thus,
the observer and the external reviewer were seakdtch about the gesture-plus-
speech phases'videos much easier when comparedthétigesture-only phases’

videos. These comparative sketches can be segmpendix C.

4.3 Usage of Speech with Gestures

In this section, architects’ video statements weaéched repeatedly and their verbal
descriptions and gestural modelings were transgribethe texts. The videos were
analyzed in three parts as looked for gesturalrgesms, second verbal descriptions
and in third one these two data were overlappedcantpared each other. Also these
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gesture-speech analyses were compared with thegestyral models in terms of the

information conveyed via them.

The answer of several questions were wonderedtasd helow:

Where the language was complemented in the modetogess?

« Which information was conveyed with gesture, speagsture-plus-

speech?

e Were there any redundant information during thegasaf verbal

descriptions?

« Where there any gesture-speech mismatches dureggéisture-plus-

speech circumstance?

Gesture offers a more direct way than speech omeyamg and acquiring the action
information. Besides, speech enables people toridess some quantitative
information about the shapes such as distance,asidemeasure. When speech got
involved in the process, they started to use lagguar defining several features of
the objects with it. Although the speech gave uwaicspatial and qualitative
information like size, form and proportion very ckly, some gestural expressions
became lost, sometimes their hands hung in tharalrthe hands waited for short
time intervals while they were defining somethingthwthe words. Besides,
participants sometimes hesitated about the nextisvand the next motions of the
hands because they tried to find the correct worthey tried to form a meaningful
sentence. As a consequence of these observatiores) be said that the modeling
and narration were interrupted for small time iwnéds in the gesture-plus-speech
phase and the speech was dysfluent. The gestuyepbakes were more fluent and

compact.
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Table 4.1 :Table of the participants’ comparative gesture gpekbch analysis (A7).

Model Sets

P1 (gesture+speech phase modeling-1st. order statemt)

gesture transcription speech transcription

information conveyed by gesture

information conveyed by
speech

A7

He defined the length and width
information by touching with his two
thumbs and index fingers on the tabje.
He held the width by left hand and his

right hand slid on the table while | "A rectangle form with 18-
defining the length information. Them,cm-long and 9-cm- (no!) 12t
his adjoined right hand started to mgve cm-wide was bent and
as his little finger was parallel to the created a hollow circular
table then his hand modeled a curved  (mismatch) form."
surface, possible a vault surface in the
gestural space. The hand continued to

move till her left thumb touched to
surface of the table.

curvature of the surface, width and len
of the source flat surface, height and
width of the curved surface, possible
surface form, locational and proportior
information about the shape

gtheight and width information,

operation performed (bend) t

a the surface, hollow surface

alinformation, circular form of
the surface

P4 (gesture+speech phase modeling-2nd. order statent)

gesture transcription speech transcription

information conveyed by gesture

information conveyed by
speech

A7

First, her two hands with adjoined
fingers restricted the length of the
shape by -parallel to table- position
the two little fingers. Later, she
emphasized the length information by the table) positioned in the
movement of her right index finger,
Then, her adjoined right hand finge
modeled a vault in the gesture spag

"I can say completely a semi
pfcylinder for this shape. Like

s  sizes are the same..."

@®

this (she started to model on

length of the surface, curvature of the

surface, possible a surface form,

locational and proportional information
space, such... (she gesturgd)

about the shape

name of the surface (cylinder
location of the shape in the
space

O
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Table 4.2 :Table of the participants’ comparative gesture gpekbch analysis (A6).

Model Sets

P1 (gesture+speech phase modeling-1st. order statem)

gesture transcription

speech transcription

information conveyed by gesture

information conveyed by
speech

A6

First, he positioned his right hand

vertically on the table. His fingers were

adjoined and the little finger was
touching on the table horizontally.
Then, he moved his vertical hand

through z plane and when came to thevidth which the top width ig
nd 9-cm. and it has two load-
moved horizontally. Thus, he definedbearing small column with 9-

corner, his hand rotated 90 angle al

two surface of the shape. And lastly,
defined the small columns with his ty

hands thumbs and index fingers like

holding a small object.

v

"A rectangle folded plate
with 9-cm-height and 18-cm

he cm height in front of it."
0

possible a surface form, locational an
proportional information about the

vertical and horizontal surfaces and al Q[

their spatial relations with each other|
spatial position of the vertical small
pieces (columns)

vertical and horizontal position
d of two surfaces, height and
length of the vertical surface
width of the horizontal surfacs,
wo vertical columns and theif
height information, spatial
information of the vertical
columns (in front of), a folded
plate information

S

P4 (gesture+speech phase modeling-2nd. order statent)

gesture transcription

speech transcription

information conveyed by gesture

information conveyed by
speech

A6

First, she defined the length of the

small pieces by using thumb and index

fingers. Later, she moved hands by
holding distance information throug
behind closed surface. She define
vertical surface by sliding hands
(thumb and index fingers). Then sh
adjoint her fingers and define two
surfaces. In the end she again defin
the contour of the object by her thum
and index fingers.

different space units. (She
has a dysfluent speech, sh

D

Stuttered while trying to sta
the modeling.) There are tw

n .
small pieces ...parallel to

)

a plane behind which has
edequal proportions with two
bssmall pieces. Again, these
pieces are associated for
performing special spaces ¢

the top side."

"Here, shape became to have

o —~ o

vertical and horizontal (possible) surfages
me... hmm... in x plane yes and their spatial relations with each oth
| X plane (mismatch). There isvertical small pieces' spatial locations &

their relations with the surfaces

existence of different space
I,units, two small pieces, plane
! Jsurface) information, spatial
"\cations of the pieces (paralle
on the top side etc.)

D

e
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To illustrate, in P1 and P4’s some modeling statémean be seen abovEaple 4.1
and Table 4.2. It was observed in these modeling examples ttheyy gave more
information about horizontality, verticality, adg@wy, position, direction
parallelism, surface information and contour of ¢iingects by their -iconic- gestures.
When defining these features they produced reptasemal gestures -mostly iconic
ones-. The information was conveyed by gesturesdicusually take place in their
speech. They generally described the productiaorat of the shape or numerical
value about the components of the shape by thegctp They depicted their hands
motion by choosing the words such as, like thighsun this way etc. While they
were using these -deictic words- they synchronostdyted to model the object by
their hands. Different from this, sometimes theyuight a little time first, then they
positioned their hand on the table and later theytesd to speak and model. P1
generally first thought about his utterance and efind after examining shape.
Then, he started to model or speak, thus his medsis more clear. On the contrary,
P4 generally started to model and speak togethieklgu probably based on this
approach, her hands hung in the air, and she tebigdout the next movement of
the hands and her words. So, her speech was dysfluean be said that if the shape
has a ruled geometry and a special name like airaibe etc. they generally define
the special name of the objects in their speechveder, sometimes for instance P3
mispronounced the name of object. For exampleg@as & the table below while she
was defining a prism she used the word ‘pyramigtead of the word ‘prism’. In
other words, sometimes the participants’ speechsbase mismatches. Therefore,
while | am watching and analyzing the participantsieos, if there is a mismatch
between the speech and the model or the speecithantands, | am confused, |
hesitated and generally despite the fact that Mkitoe real shape (I ignored this
shape knowledge), | could not understand and s&dtthe real shape. | observed
similar situations in the second pilot study. été were gesture-speech mismatches,
it was difficult to comprehend and sketch the mealdels for the external reviewer.
Also, when participants commented about their maodegbrocess after the studies,
they generally emphasized that when they use spdieettly with their hands in a
concurrent fashion, they tried to organize theieegfh and gestural modeling.
Because of this compound operation, both theirugasimodels and speech were not

fluent.
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Table 4.3 :Table of the participants’ comparative gesture spekech analysis (B10).

Model Sets

P2 (gesture+speech phase modeling-2nd. order statent)

gesture transcription

speech transcription

information conveyed by gesture

information conveyed by
speech

B10

She first drew the triangle on the table

with her two index fingers. Later sh

defined the surfaces as holding them

with two curved hands. Then she

stretched the triangle with her curvedone edge is 4 unit and a prig
hands along the surface of the prism.
Lastly, she restricted the height of th

object by her hands' finish/close
motion.

€
"An equilateral triangle which

which height is 6 unit."
e

m

the source object by drawing on the tak

stretched operation with curved hand

defining the height of the object with
finish/close motion.

name of the object, numerical
| Value information of the edgeg
™ height information, geometrica|
definition of the object
(triangle).

.

P3 (gesture+speech phase modeling-1st. order statemt)

gesture transcription

speech transcription

information conveyed by gesture

information conveyed by
speech

B10

She first drew the triangle on the table
with her right index finger. Later she

pointed with her right index finger th
height information while saying "heig
is 6 unit". Then she adjoint her finge
and behaved like touching with them

the surface of the prism. Lastly, she
restricted the height of the object by her

hands' finish/close motion.

"An equilateral triangle which
@ one edge is 4 unit. Height is
htunit. (here she defined 1 unjt
s according to the grid (3x3
tocm). An triangular pyramid
have been generated.
(mismatch)."

Qhe source object by drawing on the tak

stretching operation with adjoint finger: ;’height information, geometrical

defining the height of the object with
finish/close motion.

name of the object, numerical
Value information of the edges

o

definition of the object
(triangle).
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Table 4.4 :Table of the participants’ comparative gesture speech analysis (B14).

Model Sets P2 (gesture+speech phase modeling-2nd. order statent)
gesture transcription speech transcription information conveyed by gesture| information conveyed by speech
First, her two hands curved as holding
surface of a sphere and they defined a
few times sphere form in the gesturg
space. Later, she drew a straight quart.c;)‘rS here which diameter is
cut with her two index fingers, then she P! L form of the object, cut piece name of the object, numerical
3 unit. And quarter of itis| . . . . . -
drew a curved cut on the surface of the : . information, cutting motion and | value of the diameter, proportion
B14 extracted like a slice of

sphere as the sphere was hung in the

air. Lastly, she extracted a piece of

object from the sphere as holding it

with her left hand's thumb and inde
finger.

" throwing away motion. of the cut piece object.
water melon.

P3 (gesture+speech phase modeling-1st. order statemt)
speech transcription

gesture transcription information conveyed by gesture| information conveyed by speech

First, her right hand defined a sphere
surface, later she drew a ring as

B14

defining 2 unit in the gesture space|

Then she behaved like holding a pie
of object and lastly, she extracted 3
piece of object from the sphere as
holding it with her right hands thumh
and adjoined four fingers.

"A piece of quarter sphere
ce have been taken from a
1 sphere which diameter is 2
unit. (mismatch)"

describing diameter of the objec
throwing away motion.

name of the object, numerical
' value of the diameter, proportion
of the cut piece object.
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In modeling B10 as using gesture and speech, twdcipants first drew the
fundamental geometric form on the tablealfle 4.3 and Table 4.1 A similar
approach was observed mostly in the shapes havied geometrical form. In other
words, if object have a form, which can be generdig stretching a basic ruled
geometry in a certain coordinate plane, participaygnerally first drew this source
geometry on the table or the gesture space. Lttey, performed the stretching
operation to this ruled source geometry. While nindeB10 and B14, there were
some mismatches in the speech of P3. For instamecepdeling B10, she used the
word ‘pyramid’ while modeling a prism with her handShe was not aware about
this mismatch. Also, while describing B14, she dat give the length of diameter
information, she said ‘2 unit’ instead of ‘3 uniéngth while her hands defining a
relatively accurate size. So if | did not watchyotisten the verbal descriptions, |
would comprehend the real size as 2 unit. P1 ansbR®times highlighted height in
their speech but width in their gesture (SimilathwiChurch & Goldin-Meadow,
1986). Church & Goldin-Meadow (1986) define match “aoncordance” which
means that if gesture expresses the same informaitb speech about related task.
They define mismatch as “discordance” which medmst if gesture contains
different information from speech about relatedktds this research study, it can be
noted that there were different type of mismatclkes.instance, some mismatches -
about knowledge- which stem from giving wrong imi@tion about shape’s size,
height, length, width etc. Here, they frequentlyegthe right information with their
hands but they failed in speech. Besides, some att$ras -about attention- which
stem from the participants’ instant lack of attentihere they know right utterance
but they generally miss out it. Also there were samismatches —about modeling
strategy and followed path- which can be observédewtrying to determine the
shape modeling path. Here, participants tried tod#etheir first movement or word,
so their speech presented a modeling strategy lesid Hands exhibited the other
strategy which was not conveyed by the speech [@imiith Garber & Goldin-
Meadow, 2002). Besides, it was also observed thateimes when participants
produced gesture-speech mismatches and realized, tthey tried to model the
shape again with a different modeling strategy,ilamwith “a second problem-
solving strategy” of Goldin-Meadows’ study (Golditeadow et al. 1993).
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5. DISCUSSIONS AND CONCLUSIONS

This thesis presented an empirical study, which ea@slucted with four architects
on the purpose of exploring the gestural modelielgavior of them while modeling
shapes via gestures under two different circums&naith or without speech and to
adress these research questions; (1) how shapesmaieled by gestures under
each of the circumstances? (2) to what extent taiisi can represent a shape/form
via gestures under each of the circumstances?y®a4i) shape/form information was
conveyed via gestures under the gesture-only cistamce and (3.2) what
shape/form information was conveyed via gesturdaargpeech under the gesture-

plus-speech circumstance?

In the analyses of the modellling process of theigpants, some similar behaviors
were observed in the gestural modeling behaviorthef architects under both
circumstances (gesture-only and gesture-plus spedadr instance, they gave
distance information of the shape (height, widémgth and wall thickness) by
measuring with their fingers. Most of the particita modeled simple linear
configurations as chalking up on a blackboard whtsir thumbs and index fingers in
gesture space. Most of the participants descrila¢@nd curved surfaces as touching
on them. They mostly started to use their wholedeasurface and their adjoined
fingers for describing surface of the configuratioriThey represented spatial
locations and relations by co-operation of theio tvands. They rendered contour or
silhouette of the shapes by drawing them in spdtey expressed stretching
operation by moving the shape from vertexes or ®dgéh their hands. Most of
them modeled subtraction operation by throwing ath@ycut piece object with their
hands and also modeled addition operation by adtiegelated pieces on object by
their hands. They mostly tried to decompose complaxfigurations to the small
pieces, then they tried to model it part by partosmof the participants had
difficulties in modeling shapes which has not autag geometry. Similarly, when
the configuration has numerous different spatiahtmns and relations, most of the

participants struggled for constructing these retet properly. That is to say, when
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complexity of the shape increased, challenging mecaisible and participants
mentioned about this difficulty with their handsspreech.

From the results of the detailed comparative amslysonclusion reached with

regard to the question, to what extent architeets epresent a shape/form via

gestures, is that architects could effectively espnt shapes with their gestures to a
certain extent under both circumstances (gestule-and gesture-plus speech).
Indeed, most of the participants were seen to medslly some basic primitive
forms, and the shapes, which have certain ruledng&tes such as cube, cylinder,
prism, cone etc. In addition, they could describese shapes verbally with their
names. However, when the shape became more corfiggerontaining different
spatial proportions and relations or different eaéeristics of shapes, most of the
participants had some difficulties in modeling themith their hands. It was
problematic to model the shapes, which have nunsetbfierent surfaces, some
upward and downward curvatures, various subtraciioth addition operations, or
irregular geometries. That is to say, complexiieleof the shapes was a challenging
point for modeling shapes with gestures. At thismpovhat we have learned from
these observations with regard to gesture usageefmresenting shapes is that
architects can model shapes with their hands toesewrtient depending on the

complexity level of the shapes.

Another conclusion drawn with regard to the questishat shape/form information

can be expressed via gesture, is that gesturedynoostid convey the information

about several physical entities of the shapes ubdir circumstances (gesture-only
and gesture-plus speech). Thereby there can be aupeth certain types of

information conveyed via gestures as follows;

distance information - height, width, length, didereand wall thickness,

- possible surface information - flat and curved acek,

- spatial locations and relations - top, bottom, nant, back, across, through,
- proportional information,

- contour or silhouette of the - shapes circle, sguactangle, triangle etc.,

- stretching operation,

- moving operation,
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- subtraction and addition operations etc.

Although complexity level is a limitation for gesah modeling, gestures help to
describe substantially too many physical chareties about shapes. Clearly,
architects can use several gestural models forigiray shape information to the
computer or for describing shapes to other arctsitedowever, if shape has a
complex geometry, understandability of the gestumaldels decreases as seen in
quantitative observations of the analyses and absdhe external reviewer’s

protocols.

On the other hand, information conveyed via speegter gesture-plus-speech

circumstance can be specified as;

- distance information - numerical value about heightth, length, diameter

and wall thickness of the objects,

- certain action and position information - while nebdg the shape with hands
such as ‘it was curved like that...; a piece of obmd here...; this piece cut
from the object..; it was positioned near... ; it vlagved in x plane...; it was

stretched in z plani... etc.,

- name or geometrical definition of the objects (Gubdinder, pyramid, prism,
cone etc.)

Although speech has a significant role in conveyinfprmation stated above,
participants indicated different feedbacks abowt gesture-only and gesture-plus-
speech modeling phases. Three of the participapsrted that they were more
relaxed in the gesture-only phase. Because, thilytkat they tried to give the
correct information with speech and to find the dgfrom the working memory in
the gesture-plus-speech phase. Therefore, duringahearsal and inference-making
process, their hands hung in the air and they dteslitabout the next hand motion.
They also suggested that while they were tryingxplain the shape with speech,
they forgot the hands and their hands could ndecethe same information with
speech. So several gesture-speech mismatches Wwsesved. In addition, they
commented about that they were more focused irgéséure-only phase. It can be
stated that they tried to overcome three differeatiums in the gesture-plus-speech
phases, the first one is learning and visualizivgdbject, second finding the correct

words and the last one is that modeling the shajaelsand motions. These different
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action sessions were compelling for them. Differdram them one of the
participants commented that, speech was an efeegtedium for her conveyance of
the size, thickness and height information of thgects. Therefore, if speech was
dysfluent, gesture was interrupted as well in thestgre-plus-speech phases.
However, in the gesture-only phase, a great mgjaitthe participants' gestural
models were more holistic, complete and fluent.tT$#o say, speech is an effective
medium for conveying several distance, size, meastiormation, and names of the
shapes; however usage of speech was a challengimg for most of the
participants. So, it can be interpreted that spemoh be used to some extent for
representing certain shape information, but it carlve ignored that most of the
gestural models of the participants produced ingbésture-only phases were more
fluent and holistic according to the ones produicetthe gesture-plus-speech phases.
Possibly, speech can be proposed for providing soommntitative information
(distance, size and measure) and geometrical n&ntee computer, but we need
hand motions-gestures for describing spatial locatiand relations of the shapes. At
this point gesture-speech mismatches should bemzed by instructing the
participants studiously for conveying true inforroat about shapes with their
gestures and speech.

While investigating sketches which were producedhgyobserver and the external
reviewer, it was seen that there were more suadesgktches with regard to
containing information about distance, size and suesof the shapes in videos of
the gesture-plus-speech phases. Because, it wam@ortant point for all the

protocols that speech mostly gave the quantitaftistance, size and measure)
information about shapes and reflected special nafntiee ruled geometries such as
cube, cylinder, pyramid, prism etc. In addition,emithe observer’s and the external
reviewer's sketches were compared each other,tsesutheir sketches showed that
twenty-six out of thirty-two sketches for the exiakr reviewer reflected the real
physical models. Also, Twenty-seven out of thimyoet sketches for the observer
reflected the real physical models. So there wagsaxmately a ratio of sixty

percent for all of the thirty-two shapes in the vediynodeled correctly.

Some of the participants generated gestural maaelsontaining all of the shape
information holistically. During the analyses, @rcbe noted that if shape was not

modelled as giving all the data about its’ chanastie features, it would be difficult
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to understand the whole shape accurately as olisange the external reviewer.
Therefore, it can be interpreted that conveying thee, clear and complete
information about shape has an importance aboutdimgrehensibility of the related

shape by an external observer.

Although there can be several individual differesnee observed in this study, it can
be noted that if shapes -given to the participémtshe purpose of modeling them
via hand motions- have well-defined forms and ragwyeometries, most of the
shapes could be modeled by the architects cogriziiblas observed that architects
mostly exhibited similar behaviors during the maaglof similar forms. There were

significant modeling similarities for all the artdct participants as emphasized in
section 4.2. That is to say, there were extensiveust of similar modeling patterns

between these architects.

This thesis was conducted from two different viemps ‘gesture researches in HCI’
and ‘use of gestures in design communication’. Th&t say, the potential of gesture
and speech as representational mediums for arthitem defining
shapes/configurations to a computer system asasetlescribing them to others in
the context of collaborative design meetings, preg®ns etc. In consequence of all
these investigations and analyses, it can be steghelsat with the technological
developments, gestural models -produced by thecpmats for representing shape
information- can provide an input data to the cotapin the near future, in the way
of conveying several quantitative information. @e bther hand, gestural modeling
via hand motions can be a representative and comative medium between
architects for architectural education and pracwié regard to the expressing some
basic shape information. However, it should be i$igelcfor these two viewpoints,
complexity level is a limitation for representingapes with and without speech via

gestures.

The present study provided a contribution to tlseesof shape modeling with hand
motions and speech from a different viewpoint amarghitects. Several studies in
the literature have been conducted with the uspreflefined and preconditioned
gestures and transferring this gesture data tadhguter. In this study, we focused
on natural and spontaneous hand motions-gestysesgcls usage with gesture; and
information conveyed by gesture and speech foritals. We did not work on

transferring the gesture data to the computer aaedgnition algorithms. We just
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aimed to develop an understanding about the qumsst{@) What can we model and
represent with our natural hand motions about sh@peWhat kind of information

can be conveyed with gesture and speech for regirege shape? (3) Can

spontaneous gestures and speech provide a shagdéingathta to the computer as a
design representation medium? (4) Can gesture g@adch have a role as
communicational mediums in representing shape nmétion between architects? In
sum, analyses and results of this study could tnné to these topics in point of

architectural design and communication.

In future work, this experimental study can be aardd with different groups,
which contain a greater number of architect paoéints to specify the constraints for
describing shapes with gestures. Furthermore, éxigerimental study can be
executed in a collaborative design meeting, whichabées architects for
communicating directly. Modeling process can betetéswith an architectural
problem definition task in this collaborative desigeeting. On the other hand, with
the technological developments, this study can dréopmed by interacting with a
natural-user-interface. Moreover, technological elegments in the natural user
interfaces, space that hand renders can be maiidevasd captured and digitally

modelled in a real-time fashion.
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APPENDICES

APPENDIX A: Examples of the Participants’ Gestural Modeling

7 l ! 8 ‘l l

Figure A.1 : P4 was modeling A13.

Figure A.2 : P3 was modeling B10.
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Figure A.3 : P2 was modeling B14.
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APPENDIX B: Examples of the Participants’ Comparative Gestuiadieling

P1 gesturesspeech r.order P2 gestureonty 1. order  P3 gesture-onty 2. order P4 gesturesspeech 2. order
i

Figure B.1 : Participants’ Comparative A6 Modeling.
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Pl gesturetspeech 1. order P4 gesturetspeech 2. order

Figure B.2 : Participants’ Comparative A7 Modeling.



P1 ceuresspeecnt.oraer P2 gestureonty t.oraer  P3 gesture-onty 2. order P4 gesturesspeeen 2. order
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Figure B.3 : Participants’ Comparative A8 Modeling.
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Figure B.4 : Participants’ Comparative A11 Modeling.
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Figure B.5 : Participants’ Comparative B8 Modeling.
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APPENDIX C: Sketches of the Observer and the External Reviewer.

3D Physical Model Observer External Reviewer
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Figure C.1 : Sketches of the Observer and the External Reviewer.
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3D Physical Model Observer External Reviewer
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Figure C.2 : Sketches of the Observer and the External Reviewer.
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3D Physical Model Observer External Reviewer
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Figure C.3 : Sketches of the Observer and the External Reviewer.



3D Physical Model Observer External Reviewer
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Figure C.4 : Sketches of the Observer and the External Reviewer.
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